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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document captures the findings of the study item, "Study on UE Power Saving in NR" [2]. The purpose of
this TR is to study the UE power saving framework taking into consideration of latency and performance in NR as well
as network impact. The study of UE power saving in NR includes the study of the power saving schemes and the
associated procedures. The power saving schemes are to study the UE adaptation to the traffic and UE power
consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for
UE power saving. The power saving signal/channel/procedure is used for triggering adaptation of UE power
consumption characteristic. The power saving study also considers UE power consumption reduction in RRM
measurements. The associated procedures for the power saving schemes include the enhancement of UE paging
procedure based on the additional power saving signal/channel/procedure and the UE power saving procedure in
supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode.

This document is a 'living' document, i.e. it is permanently updated and presented to TSG-RAN meetings.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For a specific reference, subsequent revisions do not apply.

- For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905 Vocabulary for 3GPP Specifications

[2] 3GPP RP-181463  New SID: Study on UE Power Saving in NR

[3] 3GPP TR 38.913 Study on Scenarios and Requirements for Next Generation Access Technologies
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[7] R1-1812329 Remaining aspects for evaluation methodology for power saving vivo
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[10] R1-1812640 Evaluation Methodology for UE Power Saving Scheme CATT
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[12] R1-1813181 Evaluations and modeling of UE power consumptionEricsson

[13] R1-1813446 UE Power Saving Evaluation Methodology Qualcomm Incorporated

[14] R1-1814014 Evaluation methodology for UE power saving techniques Intel Corporation

[15] R1-1814080 Consideration on UE power consumption model and preliminary evaluation results
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3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following
apply. A term defined in the present document takes precedence over the definition of the same term, if any, in

3GPP TR 21.905 [1].

3.2

Symbols

For the purposes of the present document, the following symbols apply:

<symbol>

<Explanation>
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3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
3GPP TR 21.905 [1].

PDCCH Physical Dedicated Control CHannel

4 Introduction

UE battery life is an important aspect of the user's experience, which will influence the adoption of 5G NR handsets
and/or services. It is critical to study UE power consumption to ensure that UE power efficiency for 5G NR UEs can be
better than that of LTE, and techniques and designs for improvements are identified and adopted.

ITU-R defines energy efficiency as one of the minimum technical performance requirements for IMT-2020. According
to ITU-R report — Minimum requirements related to technical performance for IMT-2020 radio interface(s), "energy
efficiency of the device can relate to the support for the following two aspects: a) Efficient data transmission in a loaded
case; b) Low energy consumption when there is no data. Efficient data transmission in a loaded case is demonstrated by
the average spectral efficiency. Low energy consumption when there is no data can be estimated by the sleep ratio".

Because NR system supports high speed data transport, the bursty user data would be served by network in very short
durations. One efficient UE power saving mechanism is to trigger UE for network access from power efficient mode.
UE would stay in the power efficient mode, such as micro sleep or OFF period in the long DRX cycle, unless it is
informed of network access through UE power saving framework. Alternatively, network can assist the UE to switch
from the "network access" mode to the "power efficient” mode when there is no traffic to deliver, e.g. dynamic UE
transition to sleep with network assistance signal.

In addition to minimizing the power consumption with the new wake up/go-to-sleep mechanism, it is equally
importance to reduce the power consumption during the network access in RRC_CONNECTED mode. More than half
of the power consumption in LTE is UE in the access mode. The power saving scheme would focus on minimizing the
dominate factor of power consumption during the network access, which includes the processing of aggregated
bandwidth, number of active RF chains and active reception/transmission time, and dynamic transition to power
efficient mode. From the field data collected in the LTE network, most of subframes contain no data or small data.
The power saving scheme for the dynamic adaptation to the different data arrival should be studied in
RRC_CONNECTED mode. Dynamic adaptation to traffic in different dimensions, such as carrier, antenna,
beamforming, and bandwidth, would be studied in the studied. Furthermore, methods to enhance the transitions
between "network access" mode and power efficient mode should be considered. Both network-assisted and UE-
assisted approaches should be considered for UE power saving mechanism.

UE also consumes a lot of power for RRM measurements. In particular, UE would need to power up before the DRX
ON period to track the channel in preparation for the RRM measurement. Some of the RRM measurements are not
necessary but consumes a lot of UE power, for example, the low mobility UEs does not have to measure as frequent as
high mobility UEs. Network would provide the signalling to assist UE to reduce the power consumption on unnecessary
RRM measurements. Additional UE assistance, for example the UE status information, etc, is also useful for the
network to enable the UE power consumption reduction on RRM measurements.

The study of UE power saving is to identify the feasibility and benefit of techniques to allow UE implementations
which can operate with reduced power consumption. The study of the UE power saving framework would also take into
consideration of latency and performance in NR as well as network impact.

3GPP
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5 UE power saving schemes

51
characteristic

5.1.1

Adaptation to the variation in frequency

UE adaptation to the traffic and power consumption

The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic to support efficient

operation of BWP switching in reducing the UE power consumption.

The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on, e.g., the traffic to
support efficient operation for fast SCell activation/deactivation in achieving UE power saving.

The UE power saving schemes for the UE adaptation in frequency domain in the study are as follows,

- BWP - UE adaptation to different BWP

RS to assist UE channel tracking and measurements to assist BWP switching

- The assistance may also include CSI measurements (UE supports and processes one BWP at a time)

- Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP

switching

- Association of BWP and DRX

- UE assistance information could be considered

Table 1: Power saving schemes with UE adaptation to the BWP switching

MediaTek
[18][40][59] with A-CSI after switching to a larger-BW

BWP

Adaptation in frequency domain (UE
reports its preferred BWP), evaluated for
gaming application

vivo [58]

Power saving signal trigger BWP adaption
with the additional RS (PS- RS)

CATT[21][60]

Rel-15 DCI and timer based BWP switching

23.5% ~
31.4%

9% ~ 45%

25.2% ~
55.0%

(8.5% ~
26% for
Rel-15
narrow vs

FTP/Video:
23.54%

IM: 24.79%

VolP: 31.42%

30% for CDRX

45% for Fixed
PDCCH
monitoring
periodicity
(0.5ms)

9% for Fixed
PDCCH
monitoring
periodicity (40ms)

ftp3 with 160ms
DRX-cycle:
25.2%

IM with 320ms
DRX-cycle:55.0%

3GPP

Latency
Increase:

FTP/Video: -

FTP/Video:
3.98%

0.55%

IM: 1.29%

IM: 1.91%

VolIP: 0%

VolIP: -
0.07%

Average
packet
latency:
16.83ms;
Latency
increase:
0%

Average
packet
latency:
0.5ms;
Latency
increase:
0%

Average
packet
latency:
20.30ms;
Latency
increase:
0%

Avg. UPT 7.14%,
loss 17.1%
(FTP3
A=3.2)

21.4%.

RU increase:

Marginal

14.29%,

SLS
CDRX config:

FTP/Video (160, 100,
8)

IM (320, 80, 10)

VoIP (40, 10, 4)

Numerical simulation

Baseline assumption:
The BWP is always
100MHz;

Traffic model: gaming

CDRX config: (40,
10,4)

SLS with 10UE per
TRP for DU scenario to
get transmission rate,
and observed one
single UE for power
consumption.

A large-BW BWP of
100 MHz, a small-
BW BWP of 20 MHz
and a 20-ms BWP
timer are assumed
for IM and
FTP/Video. For
VolP, small-BW
BWP of 20 MHz is
always applied.
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full BW ftp3 with 160ms Baseline: PDCCH
switching) DRX-cycle (Rel- monitoring, CSI and
15 narrow vs full PDSCH reception on
BW BWP wider BW, FTP3 with
switching): 8.5% 0.5Mbytes packet size
and 200ms inter-arrival
IM with 320ms umeIMiwity :
DRX-cycle (Rel- 0.1Mbytes packet size
15 narrow vs full and 2s inter-arrival
BW BWP time
switching): 26%
Apple 1) When UE knows total size of file to 33 ~45% 0dBm case Evaluation Method = Power saving gain in
[68][84] download / upload, it can estimate power Numerical Simulation, each file size is
efficient BWP sizes. 0.1MB : 68% computed against
UE continuously the bandwidth
2) UE can indicate its preferred BWP 0.5MB : 64% monitors PDCCH, consuming highest
configuration to gNB. power in each file
size.
oM : 46% No CDRX assumed.
3) gNB configure UE with the BWPs which
was determined based on UE's . No GTS assumed.
recommendation. AM:134%
X X ) 4Mbps for 0.1MB file
4) File transfer occurs with the configured
BWPs.
23dBm case
0.1MB : 51% 20Mbps
0.5MB : 33% for 0.5MB file
2MB : 61%
4MB : 53%
Apple 1) When UE knows the total size of file to 16 % 16% Evaluation Method = Power saving gain in

[68][84]

Observation:

download / upload, it can estimate power
efficient BWP sizes.

2) UE can indicate its preferred BWP
configuration to gNB.

3) gNB configure UE with the BWPs which
was determined based on UE's
recommendation.

4) File transfer occurs with the configured
BWPs.

5) BWP switching and DRX operation are
enabled.

Numerical Simulation

UE continuously
monitors PDCCH,

CDRX (160, 100, 8)
ms assumed.

No GTS assumed
FTP3(0.5MB, 0.2s)

20Mbps

each file size is
computed against
the bandwidth
consuming highest
power.

Rel-15 DCI and timer based BWP adaptation between full bandwidth and a narrow bandwidth can achieve power
saving gain in the range 8.5% - 31%. The power saving schemes with UE adaptation to BWP bandwidth show 16% -
45% power saving gain if suitable BWP bandwidth is applied. The power saving schemes with UE adaptation to BWP
switching show the power saving gains ranged from 8.5% - 45% from the Rel-15 BWP operation without adaptation.
The higher power saving gain of 45% comes from suitable BWP adaptation, e.g., selection of BWP based on UE
assistance information. Smaller power saving of 8.5% is provided from one source, assuming 15-ms CSI acquisition
delay for the DCI triggering BWP adaptation. The average latency increase of the power saving schemes is up to 4%.
One source showed that the power saving signal triggering BWP switching with additional RS for CSI measurements
shows 17%-29% power saving gains in relation to Rel-15 BWP adaptation with UPT improvement of 17% and 7-21%

overhead.

- CA/DC-

- Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement)

- Adaptation of PDCCH monitoring/search space on activated SCell
- Including cross carrier scheduling

- Adaptation based on the operation in a group of cells in power efficient way
- Including group of cells in bundle operation

- CSI/RRM measurements and beam management at non-active SCell

- UE assistance information could be considered

3GPP
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Including the combined operation with the BWP switching

Table 2: Power saving schemes for SCell operation

Power
saving
gain

Power saving scheme

Company

Power saving UPT/Laten
gain for each cy
configuration

Estimated
Overhead

Evaluation
methodology/baselin
e assumption

\[e)¢=]

(include UE
throughput

Total

RU increase:

SLS

1. Background traffic

MediaTek BWP-based SCell power saving and Total saving: Latency
[18][40][59] bundled BWP switching Saving: increase: of packet size 256
FTP/Video: FTP/Video: - CDRX config: bits and mean arrival
21.1% ~ 21.1% FTP/Video:  1.23% t";“de ﬁoto tT‘s 'ts .
if
27.7% -0.675% FTP/Video (160,100,  uogaja oo
IM: 27.7% IM: 0% 8) ’
SCell IM: 1.60% 2. T el B
saving; SCell saving: IM (320, 80, 10) e
BWP transition of
51.18%~  FTPjvideo: PCell.
67.33% 51.18%
IM: 67.33%
Huawei [57] Triggering SCell(s) PDCCH monitoring by 3.91% ~ 3.91% ~ 13.76% 0.71~2.5% none SLS Single UE in a cell.
starting of InactivityTimer on PCell 24.16% for (Packet size /
arrival rate) CDRX config: (160, 4 activated CCs.
=(0.5/200) 100, 8), (160, 40, 8),
(40, 25, 4), (40, 10, 4) A scaling factor of
19.13% ~ 24.16% 0.2 is assumed for
for (Packet size / Packet size / arrival each activated SCell
arrival rate) rate (Mbytes / ms): without PDCCH
=(0.1/2000) 0.5/200, 0.1/2000 monitoring.
Latency increasing
results are obtained
by system analysis.
1.82% ~ 1.82% ~ 5.40% 0.86~2.89 none Same as first case 2 activated CCs.
12.23% for (Packet size / %
arrival rate) Other assumptions
=(0.5/200) are same as first
case
7.67% ~ 12.23%
for (Packet size /
arrival rate)
=(0.1/2000)
2.73% ~ 2.73% ~ 9.79% 0.09%~2.6 none Same as first case 10 UEs in a cell.
16.11% for (Packet size / 2%
arrival rate) Other assumptions
=(0.5/200) are same as first
case
12.36% ~ 16.11%
for (Packet size /
arrival rate)
=(0.1/2000)
Samsung (De)activation of SCell 57.75% Activated CCs 838.6Mbps DCI based Numerical simulation Single UE.
[34][64] adapted from 4 to n O;lms power saving
1. o signal with No C-DRX, One PDSCH over 10
(SR, T symbols in one slot
Activated CCs S | 1024ms FTP3 traffic model with IS capable of carrying
38.7% adapted from 4 to i = mean of inter packet 868584 information
2. arrivals = 4ms bits.
Cross-carrier
scheduling
Minimum scheduling
delay = 0.5ms. (also
assumed for
activation/deactivatio
n)
Apple 1) In cases UE is aware of total size of file 5% ~43%  43% for 1MB file Evaluation Method = Note that both
[68][84] (e.g., video, app) to upload or download, with No CDRX Numerical Simulation baseline and

UE can advise gNB how many Scells it
needs or when to activate / deactivate
SCells.

2) UE sends SCell deactivation request to
network when file downloading is finished.

3a) Without DRX, following the
deactivation, gNB can immediately move to
RRC INACTIVE or IDLE state.

3b) With CDRX case, UE enters CDRX
mode.

7% for 5MB file
with No CDRX

17% for 1MB file
with CDRX

5% for 5MB file
with CDRX

3GPP

Baseline configuration
with 2 CC, 1 HARQ
process, gNB
deactivates SCells
after SCell deactivation
timer value of 320ms
expires.

CDRX = (320, 200, 10)
ms

proposed schemes
have no impact on
user throughput
since the SCell
deactivation kicks in
after file
downloading is
finished.



Release 16 13 ATIS.3GPP.38.840.V1600

Qualcomm SCell Dormancy 32% #1) 33.6% Average Method: SLS - Gain in
[48][70] latency Signalling FR2. DL-only, No average power
(e.g. based on dormant BWP, or semi- #2) 32.7% increase overhead due CDRX consumption.
persistent search space config) to transition ) - Baseline
1-slot PDCCH #1) 0.38% commands Traffic model: FTP3 latency:
periodicity results 20.3ms
shown. Other #2) 0.73% Max 4CC - Additional
settings available Transition delay latency is due
in tdoc. assumptions: to transition
delay
#1) Transition Delay=1 - Traffic scales
slot with number of
(ideal assumption) carriers
#2) Transition Delay=6 - 10UEsin
slots system

(realistic assumption)

Observation:

The power saving schemes for SCell operation show 12% - 57.75% power saving gain if the baseline settings exhibit a
large amount of PDCCH monitoring without data scheduling due to sporadic traffic or long data inactivity in SCell(s).
Smaller power saving gain in the range of 2%-7% is observed for the case of less PDCCH monitoring without data
scheduling in SCell(s). The average latency increase is in the range of 0.1% - 2.6%. One source reports that the
corresponding additional overhead in terms of DL resource usage is negligible.

5.1.2  Adaptation to the variation in time

The UE power saving schemes with UE adaptation to the traffic arrival in the time domain includes cross slot
scheduling, single slot scheduling with a gap between PDCCH and PDSCH reception, and multi-slot scheduling. For
both cross-slot scheduling and single slot scheduling, the UE may achieve power consumption by switching to micro
sleep after PDCCH reception. For multi-slot scheduling, the UE may achieve power consumption by skipping the
PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.

- Cross-slot scheduling

- Minimum KO > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to
micro sleep after PDCCH reception — no addition PDSCH and CSI-RS signals reception within the given
duration (e.g. the same slot)

- Itis known to the UE at PDCCH decoding
- Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption
- Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing
- UE assistance information can be considered
- The general procedure for the study of the power saving scheme when cross-slot scheduling is used
- gNB semi-statically configures TDRA to the UE, subject to UE capability (if any)
- All schedulable TDRA values have KO > = x and K2 >=x where x >0

- Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be
impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.

- All aperiodic CSI-RS triggering offsets are not smaller than the value x

- UE decodes PDCCH and retrieves the index of schedulable TDRA values
- UE could go to micro sleep after reception of last PDCCH symbol

- UE processes PDSCH at the indicated starting time from TDRA values

- Note: DRX cycle assumed in the evaluation results summarized in the table below is not necessary long
DRX cycle; detailed DRX cycle assumption can be found in each reference

- The following table is subject to further update, particularly regarding evaluation results/assumptions
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Table 3: Power saving scheme with cross-slot scheduling

Cross-slot scheduling 13.7% ~
25.4%
6.5% ~
11.3%

cross-slot scheduling 18%-29%

Cross-slot scheduling 13.54% ~
18.99%

With positive values in

KO, K2 and A-CSI

offset

Cross-slot scheduling 1.1%~11.3%

with KO > 0 indicated

to the UE in advance

Cross-slot scheduling 24%~25%

with KO =1 indicated to
the UE in advance

Cross-slot scheduling 21%

16.3% ~
20.8%

Cross-slot scheduling
with KO=1

Average power

(28.1/24.3)~
(40.9/30.6)

(64.4/60.2)~
(87.4/77.6)

18%-25% for UE
of 5 percentile
SINR

24%-28% for UE
of 50 percentile
SINR

25%-29% for UE
of 95 percentile
SINR

FTP/Video:
18.99%

IM: 17.26%

VolP: 13.54%

ftp3 with 160ms
DRX-cycle:
11.3%

IM with 320ms
DRX-cycle: 1.1%

#1:21%

#2:21%

#3: 21%.

#4:21%

16.34%

19.36%

20.48%

20.25%

20.77%

20.66%

UPT loss:
13.4%~18.4%

Latency increase:
0.84~3.2%

UPT loss: 2.9%~5.2%

Latency increase:
0.29%~0.46%

Average packet
Latency: 13.94- 58.36
ms;

Latency increase: 1%-
4%

Average packet
Latency: 4.03- 47.80
ms;

Latency increase: 1%-
14%

Average packet
Latency: 3.01- 46.74
ms;

Latency increase: 1%-
20%

Latency Increase:
FTP/Video: 0.84%

IM: 0.34%

VolP: 3.72%

#1: 837Mbps/1.03ms
#2: 565Mbps/1.53ms
#3:

426.38Mbps/2.03ms
#4:
342.36Mbps/2.53ms
65.53

MBps 85.42 ms
84.6

MBps 60.76 ms
88.11

MBps 56.73 ms
5.65 149.13
MBps ms

5.73 148.72
MBps ms

5.73 148.69
MBps ms

3GPP

none

none

Marginal

RU increase:

FTP/Video:
0%

IM: 0%

VolIP: 0%

0%

DCI based
power saving
signal for
triggering
adaptation
with
monitoring, T
=1024ms

SLS

CDRX config: (160, 100, 8),
(160, 40, 8), (40, 25, 4), (40,
10, 4)

Same as first case

Numerical simulation

Baseline assumption: non-UE
preferred CDRX
configuration;

Traffic: ftp model 3

SLS

CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)

VoIP (40, 10, 4)

SLS with 10UE per TRP to
get transmission rate, and
observed one single UE for
power consumption.

Baseline: Cross-slot
scheduling wo. micro-sleep,
FTP3 with 0.5Mbytes and
200ms inter-arrival time, IM
with 0.1Mbytes and 2s inter-
arrival time

Numerical simulation;

DRX configuration (160-100-
8)

FTP3 traffic model with
0.1Mbytes and mean of inter
packet arrivals = 200ms;

Numerical simulation
No C-DRX,

FTP3 traffic model with mean
of inter packet arrivals = 4ms

Minimum KO:
Case #1: 0.5ms,
Case #2: 1ms,
Case #3: 1.5ms,
Case #4: 2ms
5%
FTP model 3
)0/
Sl 160, 100, 8
95%
5%
Instant
50% Messaging
320, 80, 10
95%

Single UE in a cell

Multi-UE in a cell (10
UEs in average)

KO, K2 and A-CSI
offset > 0

Peak throughput: 10-
symbol PDSCH in
one slot, 100MHz
BWP.

No UL.

Single UE.

Single UE,

One PDSCH over 10
symbols in one slot
is capable of carrying
868584 information
bits.

System level
simulations

1%-4% UPT loss for
FTP model 3
1.2-1.8% UPT loss
for Instant
Messaging

2.4% UPT loss for
VolP
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Observation:

Cross-slot scheduling
with kO =1

1) UE can indicate its
preferred KO, K1, K2
values to gNB before
data transfer starts.

2) gNB can use those
preferred KO, K1, K2
values for data
scheduling.

1) gNB can configure
UE's TDRA table with
entries with enough
gap between PDCCH
and associated
PDSCH. The gap (in
slot) is long enough
such that PDSCH
transmission starts
after the gap ends.

Cross-slot scheduling
comparing with
minimum KO > 0

KO=1
KO=4

KO0=16

Configuration of
minimum DL
scheduling offset that
applies to KO and A-
CSl triggering offset

Cross-slot scheduling
ko ={2, 4, 8, 16, 32}
compared with DRX
for k0=0

13.1% ~
22.4%

5~41 %

0~30%

See next
column

See next
column

25.8%

(for 1-slot
PDCCH
period)

27%

(for 1-slot
PDCCH
period)

21.7%

(for 1-slot
PDCCH
period)

25.9%

17.76%

17.72%

17.44%

FTP: 20.1%,
16.2%, 13.1%

IM: 18.5%,
18.0%, 22.4%

5% for
(KO,K1)=(8,8)

41% for
(K0,K1)=(0,1)

0% for high load
(grantis
scheduled every
slot).

~30% for very
low load (grant is
scheduled with
very low
probability)

KO = 1: 13%-21%
KO = 4: 9%-19%
KO = 16: 2%-15%

KO = 1: 16%-20%
KO = 4: 15%-17%
KO = 16: 6%-11%

For PDCCH
period

1 slot: 25.8%
2 slots: 17.5%
4 slots: 11.0%
8 slots: 6.9%
For PDCCH
period

1 slot: 27.0%
2 slots: 20.9%
4 slots: 14.7%

8 slots: 9.6%

For PDCCH
period

1 slot: 21.0%
2 slots: 16.0%
4 slots: 11.1%

8 slots: 07.8%

k0=2: +25.9 %
k0=4: +25.9 %
k0=8: +25.9 %
k0=16: +25.9 %
k0=32: +25.9 %

15

0.0282

MBps 11.01ms

0.0279

MBps 11.03 ms

0.0282

MBps 11.02 ms

UPT loss:

KO =1:
3%-5%
KO = 4:
10%-13%
KO = 16:
25%-30%

UPT loss:

KO =1:
0.3%-4%
KO = 4:
7%-12%
KO = 16:
20%-32%

Latency increase for
PDCCH period

1 slot: 0.57%

2 slot: 0.80%

4 slot: 1.37%

8 slot: 2.50%
Latency increase for
PDCCH period

1 slot: 0.46%

2 slot: 0.91%

4 slot: 1.37%

8 slot: 2.74%

Latency increase for
PDCCH period

1 slot: 0.14%

2 slot: 0.28%

4 slot: 0.42%

8 slot: 0.84%

Latency increase
k0=2: +1.9 %
k0=4: +3.7 %
k0=8: +7.2 %
k0=16: +14.2 %
k0=32: +28.1 %

3GPP

none

none

none

none

ATIS.3GPP.38.840.V1600

5%
VoIP

Sl 40,10, 4

95%

sLs

Case 1(160, 100, 8), Case 2
(40, 25, 4),

Case 3(40, 10, 4)

Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)

Evaluation Method =
Mathematical Analysis

Evaluation Method =
Mathematical Analysis,

It is assumed that arrived
packet could be served with a
single PDSCH.

System-level simulation

CDRX = (160, 100, 8) ms
Traffic model is FTP3 with
180 kB packet size and 200
ms inter-arrival time is used.

48% RU

System-level simulation

CDRX = (160, 100, 8) ms
Traffic model is FTP3 with
180 kB packet size and 200
ms inter-arrival time is used.
3% RU

SLS
FR1
FTP3, no DRX

SLS
FR2
FTP3, no DRX, k0 > 0

SLS
FR2

FTP3, k0 > 0, CDRX config =
(160, 100, 4)

Numerical simulation

FTP3

CDRX config (160, 40, 8)
ko = {2, 4, 8, 16, 32}.
Baseline is kO = 0.

Other assumptions same as
calibration

10 UEs per cell
Average gain

Higher gain
observed for longer
DRX cycle.

TDRA based gap
scheduling

(cross slot
scheduling only)

- Gain in average
power consumption

- Baseline
latency: 87.6ms
(PDCCH period 1
slot)

- Gain in average
power consumption

- Baseline
latency: 21.9ms
(PDCCH period 1
slot)

= Gainin average
power consumption

-  Baseline
latency: 71.85ms
(PDCCH period 1
slot)

Cross-slot
scheduling PDCCH-
only power is applied
in every relevant slot
in all cases, because
the kO value is
provided semi-
statically through
RRC messaging
(PDSCH-
TimeDomainResourc
eAllocationList)
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The power saving schemes with cross slot scheduling show 13% - 28 % power saving gain and UPT degradation 0.3 %-
5% for minimum KO= 1, 13% - 25% power saving gain and UPT degradation 7 % -13 % for 1< minimum K0 <4 and
2% - 25% power saving gain for minimum KO >= 4 and UPT degradation up to 32%. When minimum K0>1, the power
saving gain decreases and UPT degrades as the KO increases. Smaller power saving gain in the range 1.1% - 6.5% is
observed when the amount of PDCCH monitoring without data scheduling is limited because of high scheduling
activity or going to DRX OFF by MAC-CE. The average latency increase is up to 4% if minimum KO value is less than
4 and C-DRX is assumed. Larger latency increases up to 15% is observed for larger minimum KO values or C-DRX is
not applied.

- Same slot scheduling

- Adaptation of TDRA configurations to achieve UE power saving — ensure the gap between PDCCH
reception and PDSCH transmission known to the UE

- Adjustment of TDRA configuration
- Selection of TDRA entry in the TDRA table [5].
- Note: cross-slot scheduling could be incorporated in the TDRA configuration

- Power model for TDRA power saving scheme is the slot-averaged power for a slot with N-symbol PDSCH
aligned to the end of the slot and PDCCH at the beginning of the slot reported by the proposed scheme.

- UE assistance information can be considered
- The general procedure for the study of the power saving scheme when same slot scheduling is used
- gNB semi-statically configures TDRA to the UE, subject to UE capability (if any).

- All schedulable TDRA values with KO=0 include at least Y symbols between the last PDCCH symbol and
the first PDSCH symbol

- YIisFFS

- Note: the value of Y is necessary for power modelling in evaluation, although the specification (if
specified) of Y value may also be done in the WI phase

- Note: in case there is a TDRA entry with K0>0, it is assumed that the gap between the last PDCCH
symbol in a first slot and the first PDSCH symbol in a second slot is no less than Y

- All aperiodic CSI-RS triggering offsets are greater than Y symbols
- UE decodes PDCCH and retrieves the index of schedulable TDRA values
- UE could go to micro sleep after reception of last PDCCH symbol

- UE processes PDSCH at the indicated starting time from TDRA values

Table 4: Power saving scheme with same slot scheduling

Mediatek [59] Same-slot -5.94% ~ FTP/Video: - Latency RU SLS # of symbols
Scheduling with a specified time gap 17.17% 5.94% Increase: increase: CDRX config: between PDCCH
between PDCCH and PDSCH IM: 17.17% FTP/Vide !:Ig(;\ggoe/o FTP/Video (160, 100, 8) Z"fi igig: =6 oo
VolIP: 15.50% 25 — 0 ) 200 IM (320, 80, 10) 0 > symbols
d IM: per slot =7
IM: 93.51% Vel (e 116 )
0.47% VolP: 0%
VolP:
0.45%
Apple 1) gNB can configure UE's TDRA table 16~30% 16% for high load Evaluation Method = TDRA based gap
[68][84] with entries with enough gap between (grantis Mathematical Analysis, scheduling
PDCCH and associated PDSCH. The gap scheduled every
(in symbols/ slots) is long enough such slot) (same slot
that PDdSCH transmission starts after the scheduling only)
gap ends. It is assumed that arrived
packet could be served
~30% for low with a single PDSCH.

load (grant is

3GPP
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scheduled very
low probability)

Observation:

The power saving schemes with same slot scheduling show by one source 15%-17% power saving gain for small data
using evaluations, and by another source 16%-30% power saving gain for small data using numerical analysis, such as
the instant message or VolP traffic. 93% overhead increase is observed for the instant message. For large data, such as
FTP traffic, one source shows power saving gain of negative 5.9% and 55% latency increase and 100% overhead
increase due to the longer PDSCH transmission and reception time that is used to compensate the reduced PDSCH
symbol number in a slot. It is noted that there is no consensus on the power model of same slot scheduling.

- Multi-slot scheduling — PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled
PDSCH/PUSCH transmission over multiple slots.

- Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots
of PDSCH/PUSCH transmission.

Table 5: Power saving scheme with multi-slot scheduling

Multi-slot scheduling: one PDCCH 21.6% ~ #1: 21.64%, #1: no Numerical simulation The results shown
schedules at most N TBs across N 38.1% 1Gbps/0.81 also reflect
consecutive slots. #2: 32.28%, ms No C-DRX, combination with
reduced PDCCH
#3: 35.65%, #2: FTP3 traffic model with Do ©
0.62Gbps/1. mean of inter packet
8 throughput.
#4: 37.25%, 37ms arrivals = 4ms
. Single UE.
#5: 38.1% #3: Maximum schedulable Y
0.45Gbps/1. slots, F, and PDCCH
54ms monitoring periodicity T, O [PDECH @y 10
ET): symbols in one slot
(F.T): is capable of carrying
#4: 868584 information
0.35Gbps/2. Case #1: (2, 1ms) bits.
5ms
Case #2: (4, 2ms)
#5:
0.28Gbps/3. Case #3: (6, 3ms)
06ms

Case #4: (8, 4ms)
Case #5: (10, 5ms)

Monitor PDCCH at
each slot except the
slots with PDSCH
transmission.

Multi-slot scheduling: One PDCCH 0.65%-1.9%
schedules 2\3\4 TBs across 2\3\4

consecutive slots, monitor PDCCH

at each slot except the slots with

PDSCH transmission.

Numerical simulation;

Peak throughput: 10-
symbol PDSCH in

C-DRX config
. one slot, 100MHz
(160,100,8); BWP.
No UL.
Single UE.

Observation:

For the power saving schemes with multi-slot scheduling, 21.6% - 38.1% power saving gain and 30-70% UPT
degradation are shown in combination of PDCCH monitoring reduction. The other source shows 0.65% - 1.9% power
saving gain.

5.1.3

The UE power saving schemes with UE adaptation to the traffic is to reduce the maximum number of antenna/panels or
MIMO layers indicated by the network semi-statically or dynamically to achieve the UE power saving. This may be
done with potential UE assistance information. The dynamic approach may also be associated with a transition time, a
timer, etc.

Adaptation to number of antenna

3GPP



Dynamic Adaptation to
number of antennas, 2Rx
for PDCCH only until a
PDSCH is scheduled and
4Rx reception for PDCCH
and PDSCH;

2Rx is always used for
reception and cross-slot
scheduling is used

Dynamic Adaptation to
number of antennas, 2Rx
for PDCCH only until a
PDSCH is scheduled and
4Rx reception for PDCCH
and PDSCH;

Adaptation to number of
antenna

(UE reports its preferred
Rx antenna number),
evaluated for gaming
application

BWP-based adaptation on
the maximum MIMO layer
number

Number of UE antennas
adaptation.

Comparison of 2Rx and
4Rx chains with maximum
rank 2

18.19%-~22.
43%

-2.31% ~
19.40%

2.96%
~18.49%

6% ~ 30%

14.37% ~
19.53%

25.1 ~
30.2%

18

CDRX config of (160,
40, 8): 18.19%,
average power:
(18.46/15.10);

CDRX config of (160,
100, 8): 22.43%,
average power:

(30.86/23.94)

-2.31%~ -1.13% for

5%-tile UE for the FTP

model-3 traffic

For the traffic of
0.1Mbyte with 2000

ms mean interval, the
gain of 16%~17.8% for

5%-tile UE and
16.28%~18.49% for
95%-tile UE.

20% for CDRX

30% for Fixed PDCCH

monitoring periodicity
(0.5ms)

6% for Fixed PDCCH
monitoring periodicity
(40ms)

FTP/Video: 14.37%

IM: 15.70%

VolIP: 19.53%

26.06%

26.89%

25.11%
29.66%
29.4%

29.87%
30.03%

29.32%

Almost similar to the
baseline

UPT loss:
2.55%~58.66%

Latency increment:
1.3%~345%

Almost similar to the
baseline

Average packet
latency: 16.83ms;
Latency increase:
0%

Average packet
latency: 0.5ms;
Latency increase:

Average packet
latency: 20.30ms;
Latency increase:
0%

Latency Increase

FTP/Video: 3.36%

IM: 1.79%

VolP: -1.78%

68.42 80.49
MBps ms
85.68 60.33
MBps ms
89.3 56.13
MBps ms
5.78 149.13
MBps ms
5.87 148.72
MBps ms
5.82 148.69
MBps ms
0.0287 10.15
MBps ms
0.0284

MEps 10.2 ms

3GPP

5.94*10°
6-5.99*10°°

9.50%10"
4~0.0069

1.58*10° ~
1.58*10*

Marginal

RU
increase:

FTP/Video: -
0.43%

IM: 1.95%

VolP: -
4.08%

ATIS.3GPP.38.840.V1600

SLS

CDRX config: (160, 100,
8), (160, 40, 8)

Packet size / arrival rate
(Mbytes / ms): 0.5/200
Scheme 2: 2Rx for
PDCCH-only slot until a
PDSCH is scheduled;
Once a PDCCH with grant
is detected, a timer starts
and the UE starts to use 4
Rx before the timer
expires;

The timer shall be
restarted when a grant
DCl is detected;

When the timer expires,
UE operates with 2Rx;
Baseline: 4Rx is always
used in different states
and cross-slot scheduling
is used;

SLS

CDRX config: (160, 100,
8), (160, 40, 8)

Packet size / arrival rate
(Mbytes / ms): 0.5/200,
0.1/2000

Scheme 1: 2Rx is always
used;

Baseline: 4Rx is always
used in different states
and cross-slot scheduling
is used;

Same as above except
this is for Scheme 2

Baseline: 4Rx is always
used in different states
and cross-slot scheduling
is used;

Numerical simulation

Baseline assumption: The
Rx number is always 4Rx;
Traffic model: gaming

CDRX config: (40,10,4)

SLS

CDRX config:
FTP/Video (160, 100, 8)
IM (320, 80, 10)

VoIP (40, 10, 4)

5%
FTP model 3
)0/
50% 160,100, 8
95%
5%
Instant
50% Messaging
320, 80, 10
95%
5%
VolP
40, 10, 4
50%

Table 6: Power saving scheme with UE adaptation to the number of antenna/MIMO layer

Single UE in a cell

Cross-slot
scheduling is
assumed for all
schemes and the
baseline;

10 UEs in a cell; for
each configuration,
5%-tile UE and
95%-tile UE are
evaluated
respectively

10 UEs in a cell;
Same as above

One 4-layer BWP
and one 2-layer
BWP. DCI and
timer based
dynamic switching
for FTP/Video and
IM;

Static 2-layer BWP
for VolP

System level
simulations

6%-8% UPT loss
for FTP model 3
<1% UPT loss for
Instant Messaging
and VolP
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0.0288 10.09
30.24% MBps -~ 95%
Dynamic receive antenna 10.2% ~ FTP: 10.2% No impact on latency SLS 10 UEs per cell
adaptation between 4x 19.9% i
and 2x IM: 19.9% Case 1(160, 100, 8), A\-/erage galn
Case 4(320, 80, 10) Higher gain
observed for IM
FTP (Case 1) traffic
IM (Case 4)
1) There are certain cases o, ~ 30 % 0 % for very low traffic Evaluation Method =
where gNB does not have load (when traffic load Mathematical Analysis,
to use large number of is low, no need to
layers, e.g., low load buffer PDSCH).
traffic (traffic/control)
paqsissionlinoesd Basic assumption is that
channel condition. SNR is high enough so
30% for high traffic that the BLER with 2Rx is
2) gNB can RRC load (when load is very low enough.
conf!gure UE with the high, reducing to 2Rx
maximum number of from 4Rx could save
MIMO layers L_max. up to 30% power).
3) gNB can dynamically
indicate the mimo layer in
DCI within L_max.
4) UE can buffer only up
to L_max to avoid
unnecessary buffering of
layers which is not used.
Comparison of 2-Rx Negligible to Latency (mean user Overhead System-level simulation Increased PDCCH
chains vs 4-Rx chains negative serving time) (resources resource overhead
with maximum 2-layers power increase by 1.4x- utilization) due to 2Rx vs 4Rx
saving gains 7.6x based on traffic increase of is not modelled.
since UE load 1.3x-2.7x
with 2Rx
operation Based on
(vs 4Rx) has traffic load
to stay
awake
longer to
receive
data.
Adaptive configuration 13% ~ 14% 10M:13.37% Numerical simulation; Peak throughput:
with 2 or 4 antennas 20M: 13.26% 10-symbol PDSCH
. FTP 3 with 0.1Mbytes and in one slot.
AR ST mean arrival time=200ms No UL.
80M: 13.85% Sl UE
100M: 14.01% CDRX config: noe
(160,100,8)

Bandwidth=10M,20M,40M
,80M,100M

Observation:

The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels)
provides up to 3%-30% power saving gain for the dynamic antenna adaptation and 6%- 30% for the semi-static antenna
adaptation with some impact to the system performance, such as 4% latency increase for dynamic antenna adaptation,
when reduced antenna operation is used mainly during periods of low scheduling activity and additional network
resources are used for the compensation of the loss of multi-antenna processing gain. It was shown by one source that
there is corresponding 10%-58% UPT degradation for the RRC configured antenna reduction without adaptation for
FTP traffic. It is noted that with a set of simulation assumptions (such as traffic model and SCS) not aligned with the
agreed ones for evaluation, it was observed by one source that the negative power saving gain and latency up to 760 %
over Rel-15 4Rx antenna for the RRC configured antenna reduction without adaptation for FTP traffic was observed. It
was observed by one source that the resulting additional overhead in terms of DL resource usage for the dynamic
antenna adaptation is up to 2%.

5.1.4

The power saving scheme of power saving signal/channel triggering UE adaptation to DRX operation is to configure
the power saving signal/channel before or at the beginning of the DRX ON duration to trigger UE waking up only when
there is DL data arrival. UE is not required to wake up at the DRX ON at least for PDCCH monitoring, if the power
saving signal is not detected. The go-to-sleep signaling is used as the indication allowing UE going back to sleep state
after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption.

Adaptation to DRX operation

For power saving scheme with UE adaptation to the DRX operation for further study

- UE adaptation of its behavior to the DRX operation for UE power consumption reduction

3GPP
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- When is configured with power saving signal/channel, power saving signal/channel as the indication whether
to wakeup or not before or at the beginning of DRX ON duration
- At least for the indication of PDCCH monitoring

- Preparation period is used for (e.g., to perform channel tracking, CSI measurements, beam tracking).

Preparation period can be used in preparation for the PDCCH decoding

Preparation period could be before or during the DRX ON duration

Network can indicate UE to report CSI before or after the power saving signal/channel (if configured)
during the preparation period

Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at
the preparation period

- Go-to-sleep signaling as the indication allowing UE going back to sleep state
- MAC-CE
- DClI
- Power saving signal/channel

- Constraints on scheduling DCI during DRX_ON

The following table is subject to further update, particularly regarding evaluation results/assumptions

Table 7: Power saving scheme with UE adaptation to the DRX operation

Wake-up signaling 0.2% ~ 17.79% Average UPT: 1.96*10° ~ SLS 10 UEs in a cell
power: 0.49%~16.09% 1.92*10°°
(97.75/97.55) | atency: DRX config: (320, 200, WUS transmitted
- 2.22%~9.88% 10), (320, 80, 10), (160, 3ms before first slot
(65.75/54.05) 100, 8), (160, 40, 8), (40, of DRX on duration.

25, 4), (40, 10, 4)
WUS power value is
30

Included periodic
background activity

for time/frequency
tracking, etc
DCI explicitly indicating 6.7% ~ 37.5% Average UPT: none Eval. method: SLS Single UE in a cell,
restarting inactivity timer power: (23.0/  10.9%~40.5% DRX config: (160, 100, 8), ~ and with different
21.5)~(55.6/  |atency: (160, 40, 8) traffic model for
34.7) 2.7%~49.1% packet size and data

arrival rate are
corresponding to
0.1/200, 0.1/100,

0.5/200,
0.5/100(Mbytes / ms)
respectively.
Wake-up signalling before 9.40% ~ FTP/Video: Latency Increase: RU increase: SLS Constant wake-up
DRX on-duration and 30.39% 9.40% and 8-slot PDCCH
aggregated with FTP/Video: FTP/Video: - CDRX config: monitoring period for
periodic/background activities IM: 30.39% 12.14% 1.40% VolP
d SS burst
aroun urs FTP/Video (160, 100, 8) .
VoIP: 24.55%  IM: 8.80% IM: 0% :’I\]’US power ‘t’ﬁ'l:e ;S
o C menwoo e e as o
VolIP: 11.92% VolP: -5.10% only monitoring
VoIP (40, 10, 4)
Wake-up signalling right 5.03% ~ FTP/Video: Latency Increase: RU increase: SLS WUS power value is
before DRX on-duration 20.47% 5.02% the same as that of
FTP/Video: FTP/Video: - CDRX config: cross-slot PDCCH-
IM: 20.47% 6.41% 0.70% only monitoring
FTP/Video (160, 100, 8)
VolIP: 7.94% IM: 5.56% IM: 0%
IM (320, 80, 10)
VolIP: 7.22% VolIP: -1.02%

VoIP (40, 10, 4)
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Power saving signal trigger 54.0% ~ 76.4% ftp3 with -- The overhead SLS with 10UE per TRP
DRX adaptation and power 160ms DRX- for additional is to get transmission rate,
saving reference signal for cycle: 54.0% similar to CSI- and observed one single
channel tracking, CSI RS. UE for power
measurement. IM with 320ms consumption.
DRX-
cycle:76.4% Baseline: R15 DRX
scheme, considering
procedure of channel
tracking, CSI
measurement. FTP3 with
0.5Mbytes and 200ms
inter-arrival time, IM with
0.1Mbytes and 2s inter-
arrival time
two level structure of power 8.89% ~ 39.9% FTP Numerical simulation; Peak throughput:
saving signal triggering UE traffic:8.89% 10-symbol PDSCH
wake up CDRX config: in one slot; 100 MHz
BWP
Instant
Message:39.9 FTP traffic (160,100,8) No UL.
%
Instant Message .
(320,80,10) Single UE
Baseline: No WUS
Association of BWP, two 44% ~ 54% FTP Numerical simulation; Peak throughput:
level structure of PS signal traffic:44% 10-symbol PDSCH
and DRX operation CDRX config: in one slot; 100 MHz
BWP
Instant FTP traffic (160,100,8)
Message:54% No UL.
Instant Message
(320,80,10) Single UE
Baseline: No WUS,
BWP=100MHz
PDCCH-based WUS signal (1) 11.45%-~ UPT loss: Traffic model: FTP3 with Reference schemes:
triggering UE wake up 14.24% (1) 13.11%-~ file size 0.5Mbps, PDCCH monitoring
(2) 12.41%~ 16.59% CDRX config (160,100,8) periodicity: 1 slot,
27.33% (2) 38.59%~ K0=0
(3) 0.82%-~ 54.49% Cases:
6.81% (3) 1.27%~ (WUS occasions : DRX
4.07% cycles)
@) 1:1
() 1:4
(3) 41
1-bit Power Saving signal 4% ~ 11.4% 23.8Mbps/36.5ms RS based Numerical simulation Single UE.
triggering UE wakeup at DRX #1: 4% power saving
e #2:8.4% 16.75Mbps/51.8 fr']%rr‘]?t'o‘:l"r:g CORI = (@E0, 163, &) One PDSCH over
. ms i din 10 symbols in one
#3:11.4% periodicity FTP3 traffic model slot ?; capable of
SN D BIRN carrying 868584
U mtlmssy s ek Cases: information bits.
Mean of inter packet
arrivals =
#1:100ms,
#2:200m,
#:3300ms
Two levels CSI-RS based 89.4% ~ 91.6% 13.4Mbps/64.7ms RS based Numerical simulation Single UE.
power saving signal prior to #1:89.4% power saving
DRX ON duration for : signal with C-DRX = (160, 100, 8)
dynamic wake-up indication #2:91.2% ﬁéZMbpslMl.a monitoring ?gzy;%ig-ilnoxﬁg
and scaling on CDRX #3:91.6% periodicity ETP3 traffic model slot s capable of
configuration parameters equals to DRX >
4.62Mbps/187.8  cycle carrying 868584
n;s p . Cases: information bits.
Mean of inter packet
arrivals =
#1:100ms,
#2:200m,
#:3300ms
Power saving signal 1.6 ~67.5% 64.3/62.6 MBps 5% System level
triggering UE wake up for 9.89% (2.6%) / 85.8/88.0 FTP model 3 simulation
DRX on duration ms (2.5%) 160, 100, 8
87.0/82.6 MBps 50% WUS detection
11.86% (5.1%) / 59.8/63.2 power is assumed to
ms (5.5%)
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91.4/85.1 MBps 95% be 100 units, i.e.
12.65% (6.8%) / 55.7/60.4 PDCCH-based, and
ms (8.5%) no transition energy
reduction compared
5'790/5'54 MBps 5% to the deep sleep
40.37% (agol] reference is
145.9/152.0 ms assumed.
(4.2%)
6.07/5.74 MBps S0% 'M"S‘am )
(5.4%) / o essaging
“AHERD 142.2/149.4 ms 320,80, 10
(5.1%)
5.90/5.51 MBps o5
o (6.6%) /
D 144.2/154.3 ms
(7.0%)
0.0286/0.0232 o
MBps (18.9%) / b
0/
LD 10.2/12.6 ms
(24.4%)
0.0279(/0.082025)) . 50% VolP
MBps (17.8% 40, 10, 4
AR 10.2/12.6 ms
(22.9%)
0.0289/0.0241 B
MBps (16.8%) / 0
D 10.1/12.3 ms
(21.9%)
0.0568/0.0285 .
MBps (49.8%) / D
B 16.8/18.4 ms
(9.4%)
0.0531/0.0282 Gaming
MBps (46.9%) / 50% 40,10, 4
0/ ’ ’
Lot 17.2/185ms
(7.3%)
0.0491/0.0303 B
MBps (38.3%) / 6
20328 16.0/17.1 ms
(6.7%)
2.26/2.16 MBps -
(4.4%) /
B4R 132.9/139.9 ms
(5.2%)
2.33/2.25 MBps Web browsing
50%
0 (3.7%) / 320, 80, 10
A 130.9/136.7 ms
(4.4%)
2.27/2.16 MBps S
(4.7%) /
GETRD 130.3/137.5 ms
(5.5%)
0.1152/0.1066 5%
MBps (7.4%) /
SIS 8.58/10.14 ms
(18.2%)
0.1192/0.1113 0% Vtideo .
MBps (6.6%) / (] streaming
T 8.44/9.80 ms 410, 40,4
(16.1%)
0.1155/0.1084 5%
MBps (6.2%) /
LD 8.74/10.01 ms
(14.6%)
Wake-up signal triggering UE ~ 11.5% ~ 88.1% FTP: 11.5%, No impact SLs 10 UEs per cell
wake-up for DRX ON 24.2%, 27.9% Average gain
duration Case 1(160, 100, 8),
IM: 84.6%. Case 2 (40, 25, 4), Assumes advanced
88.1%, 36.6% Case 3(40, 10, 4) knowledge of
' Case 4(320, 80, 10) scheduling status for
the upcoming DRX
FTP (Case 1, 2, 3) ON duration
IM (Case 2, 3, 4)
Higher gain
observed from
shorter DRX cycle.
IM gain is higher.
WUS +Shorter DRX cycle 8%~14% 8%-14% 10% gain for One WUSsent  System-level simulation Several DRX Cycles
compared to no WUS + power saving same power in one symbol CDRX ) ) from 20 to 160 ms
Longer DRX gain for the consumption before each Traffic model is FTP3 with  4r¢ evaluated with
same UPT traffic burst 180 kB packet size and On duration of 8ms
200 ms inter-arrival time and 100ms IAT
is used.
RU < 10%.
Pre-wake-up window 5.8 10 9.4% C-DRX config Additional CSI- Method: Numerical
(cycle, on RS/TRS analysis
dur.) transmission in Baseline: SSB-based
(160ms, 8ms): PWU window scheme
9.4% before DRXON  Traffic model: PDCCH-
(320ms, duration monitoring only
10ms): 5.8%
PDCCH-based WUS 5% ~ 50% Highlights: Latency increase: Percentage of Method: Numerical CSI measurements
triggering UE wakeup DRX cycles simulation in pre-processing
et i requiring one before the 1%
DRX (160, 100) additional FRL. DL-only. PDSCH reception

3GPP



Release 16

Wake-up signal with short
DRX

Wake-up scheme for DRX

Both power saving signal and

CSI measurements in
advance of DRX ON

compared with only power

DRX:

8%

Short DRX

16% ~ 20%

4.3% and
26.75%

6.7%

23

Web browsing
/w DRX (160,
100)

(#1) 35%
(#2) 25%

FTP /w DRX
(160, 100)
(#1) 10%
(#2) 5%
FTP /w DRX
(40, 10)

(#1) 50%
(#2) 31%

IM /w DRX
(320, 80)

(#1) 21%
#2) 11%

DRX:

10 unit: +8.6
%

50 unit: +8.5
%

100 unit: +7.8
%

Short DRX

10 unit: +20.3
%

50 unit: +19.5
%

100 unit:
+18.6 %

Short DRX ii:

10 unit: +19.7
%

50 unit: +18.5
%

100 unit:
+17.0 %

Short DRX iii:

10 unit: +18.6
%

50 unit: +17.4
%

100 unit:
+15.8 %

FTP: 4.3%
IM: 26.75%

4%

FTP /w DRX
(160, 100)
3%

FTP /w DRX (40,
10)

13%
IM /w DRX (320,

80)
2%

DRX: +12.2 %

Short DRX i:
+11.3 %

Short DRX ii:
16.7 %

Short DRX iii:
51.6 %

3GPP

PDCCH as
WUS:

Web browsing
/w DRX (160,
100)

5%

FTP /w DRX
(160, 100)

28%

FTP /w DRX
(40, 10)
11%

IM /w DRX (320,
80)
14%

WUS is PDCCH
based i.e. few
additional
symbols for
PDCCH before
On Duration

FTP: 0.01%
IM: 0.005%

ATIS.3GPP.38.840.V1600

Sync every 160 msec.

Traffic model: Web
browsing, FTP, IM

DRX configuration (40,10)
(160,100) (320, 80)

DRX ON duration
assumption for baseline:

(#1) Reference config
(#2) 1-slot

UE SINR assumption:
Peak MCS, throughput

Numerical simulation

3 slot delay between
WUS and On Duration.
Sleep transitions
according to UE power
model.

WUS power level 10
units, 50 units, 100 units.
No transition energy
reduction is assumed and
the reference deep sleep
transition is assumed.

Long DRX cycle incl.
short DRX (as per MAC
specification 38.321).

Made for FTP3

Results are compared to
each DRX configuration
without WUS.

Cases:

DRX: 160 ms DRX cycle,
100 ms inactivity timer, 8
ms On Duration.

Short DRX i: 80 ms DRX
cycle, 5 ms inactivity
timer, 8 ms On Duration,
40 ms short DRX cycle, 3
short cycles

Short DRX ii: 40 ms DRX
cycle, 5 ms inactivity
timer, 4 ms On Duration,
20 ms short DRX cycle, 5
short cycles

Short DRX iii: 20 ms DRX
cycle, 5 ms inactivity
timer, 4 ms On Duration,
10 ms short DRX cycle,
10 short cycles

SLS

Traffic model: FTP3, IM
CDRX config:

FTP: (160, 100, 8)

IM: (320, 80, 10)

SLS

FTP3: 0.5Mbytes, 200ms
CDRX=(160, 100, 10)

WUS power model:
~1/3 of baseline
(See Section 2.1.1)

DRX:

No WUS
151682387 units, 10
units WUS
138601719 units, 50
units WUS
138716190 units,
100 units WUS
139860887 units

Short DRX i:

No WUS 78073432
units, 10 units WUS
62208308 units, 50
units WUS
62819068 units, 100
units WUS
63582502 units

Short DRX ii

No WUS 103096777
units, 10 units WUS
82757455 units, 50
units WUS
84021095 units, 100
units WUS
85600613 units

Short DRX iii

No WUS 201668275
units, 10 units WUS
164144242 units, 50
units WUS
166636202 units,
100 units WUS
169751089

DRX:

No WUS 44.2 ms,
WUS 49.6 ms

Short DRX i

No WUS 31.1 ms,
WUS 34.6 ms

Short DRX ii:

No WUS 14.4 ms,
WUS 16.8 ms

Short DRX iii

No WUS 5.06 ms,
WUS 7.67 ms

Power saving
triggering UE wake
up and CSI
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Observation:

saving signal in advance of
DRX ON

WUS with optimization (low
power WUS + low transition
power + short gap to WU)
before DRX-ON

29% ~ 49%

24

FTP:
45%-~49%
IM: 42%~45%

VolIP:
29%~35%

ATIS.3GPP.38.840.V1600

measurement before
DRX ON.

UE measures CSI-

RS resources and

reports CSl on

PUCCH resource if

power saving signal

is detected.
Numerical simulation

CDRX config (cycle, on-
dur.): FTP/Video (160, 8),
IM (320, 10), VoIP (40, 4)

Baseline: WUS is not
used

The powers saving schemes with UE adaptation to the DRX operation include UE adaptation of its behavior to the DRX
operation, and dynamic DRX configuration. Based on the evaluation, the schemes of power saving signal/channel
triggering wake-up for CDRX show power saving gain in a range of 8% - 50% comparing to the baseline with the
agreed C-DRX reference configuration. The latency increase/UPT degradation is in the range of (2% - 13%)/(0.5%-
16%). It is shown the power saving gain tends to be higher when the C-DRX cycle is shorter, but it is smaller when C-
DRX ON duration is shortened, For longer C-DRX cycle and/or high traffic load, smaller gain in the range of 5% - 10%
is observed. The power saving gain shown by the power saving signal/channel triggering UE adaptation to the DRX
operation has very little dependency on the assumed power consumption level of the power saving signal/channel.

Additional gain 4% -10% of the power saving scheme with UE adaptation to the DRX operation with the help of the
preparation period is observed on top of the power saving gain from UE wake-up by power saving signal/channel. The
corresponding additional overhead was not reported and summarized. The corresponding system impact (if any) was
not analysed and summarized.

- Dynamic DRX configuration_including at least the following

- UE is configured with multiple DRX configurations

- Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility)

UE assistance information may be considered

- Adaptive parameters setting of one DRX configuration

UE assistance information may be considered

DRX parameters are indicated by gNB

Adaptive UE behavior in the DRX operation (e.qg, restart the inactivity timer)

The following table is subject to further update, particularly regarding evaluation results/assumptions

Table 8: Power saving scheme with multi-DRX configurations

UE report preferred CDRX
configuration

4%~80%

4%-57% for UE of 5
percentile SINR

8%-77% for UE of 50
percentile SINR

11%-80% for UE of
95 percentile SINR

Average packet

Latency: 87.61 ms;

Latency increase:
2%-74%

Average packet

Latency: 81.19 ms;

Latency increase:
2%-94%

Average packet

Latency: 80.43 ms;

Latency increase:
2%-95%

3GPP

Marginal

Numerical simulation

Baseline assumption:
non-UE preferred CDRX
configuration;

Traffic model: ftp model 3
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42.09 ~
70.06%

DRX parameters
adaptation with UE
assistance

Dynamic DRX indication 7~9%
DDI).

PDCCH triggering signal

during DRX_ON duration

indicates whether UE can

go to sleep for remainder of

DRX_ON

Dynamic DRX 48%
Configuration

Adaptation of inactivity
timer (IT) depending on
whether the buffer is empty
or NOT when the UE
wakes up. IT is set to 0 or
100 depending on buffer
status

1) UE knows the current
running application in
device and its traffic pattern
(delay, throughput,
periodicity, etc).

33~52%

2) UE can determine a
DRX configuration which
works best with the current
application.

3) UE can send DRX
configuration
recommendation to gNB.

4) If the application is
terminated or done with file
transfer, then UE can
recommend different DRX
configuration (e.g., with
relaxed DRX cycles).

13~56%

DRX incl. short DRX (as
per MAC specification
38.321). Evaluated for
FTP3 and web browsing (4
s reading time)

Adaptation of Inactivity

timer 44.28%

-280 % to 47
%

42.5% and

25

FTP/Video: 42.09%

IM: 70.06%

Baseline{IT=100,slot
s=16}: 41.0 units
{IT=100,slots=2}:
38.2 units = 7%
saving

Baseline{IT=40,slots
=16}: 23.4 units

{IT=40,slots=2}: 20.9
units = 9% saving

52% for DRX2
48% for DRX3
46% for DRX4

33% for DRX5

All w.r.t DRX1

13% for DRX1
56% for DRX2
25% for DRX3

15% for DRX4

All w.r.t DRX5
FTP3: Short DRX i -
36.9 %;

Short DRX ii +29.6
%

Short DRX iii +46.7
%

Web:

Short DRX i -279.7
%;

Short DRX ii -167.3
%

Short DRX iii -37.4 %

FTP: 44.28%

Latency Increase:
FTP/Video: 30.04%

IM: 323.14%

Baseline{IT=100,s|
ots=16}: 47ms
{IT=100,slots=2}:
50.9ms = 8.3%
increase
Baseline{IT=40,slot
s=16}: 59.5ms
{IT=40,slots=2}:
63.2ms = 6.3%
increase

marginal

for all DRX
configurations

Mean delay=16.46,
30.3, 29.75, 60.28,
84.15 ms for
DRX1/2/3/4/5

Mean delay
increase in % for
DRX1/2/3/4/5 w.r.t
DRX1=

100.00%, 184.08
%, 180.74%, 366.
22%, 511.23%

FTP3:

Short DRX i -88.9
%;

Short DRX ii -69.0
%

Short DRX iii -33.4
%

Web:

Short DRX i -90.6
%;

Short DRX ii -71.5
%

Short DRX iii -41.2
%

3GPP

RU increase:

FTP/Video: -
0.61%

IM: 4.54%

None (spare
resource
used)

none

Limited
overhead
during RRC
configuration
of short DRX

FTP: About
0.0025%

ATIS.3GPP.38.840.V1600

SLS
CDRX config:
FTP/Video (160, 8, 20)

IM (1280, 10, 20)
Numerical simulation.
FTP3 0.5Mbyte
Mean inter-arrival =
0.2sec

C-DRX config:
(160,100,8), (160,40,8)

FR1, UL not modelled

High SNR

Analytical Evaluation.
FTP3 0.1Mbytes, Mean
inter-arrival time 2 sec.
Baseline: 320/80

Evaluation Method =
Numerical Simulation,

Baseline configuration =
DRX1,

Traffic type = FTP

41.3Mbps

Evaluation Method =
Numerical Simulation

Baseline configuration =
DRX5,

Traffic type = VolP

Numerical simulation

Short DRX schemes
compared to baseline:
160 ms DRX cycle, 100
ms inactivity timer, 8 ms
On Duration.

Short DRX i: 20 ms DRX
cycle, 5 ms inactivity
timer, 4 ms On Duration,
10 ms short DRX cycle,
10 short cycles

Short DRX ii: 40 ms DRX
cycle, 5 ms inactivity
timer, 4 ms On Duration,
20 ms short DRX cycle, 5
short cycles

Short DRX iii: 80 ms DRX
cycle, 5 ms inactivity
timer, 8 ms On Duration,
40 ms short DRX cycle, 3
short cycles

SLS

‘slots' is the number
of slots after which
the UE can go to
sleep during the
DRX_ON duration.
Note that without
'DDI', UE goes to
sleep 8ms = 16 slots
after start of
DRX_ON

DRX1=(10,10,4)
DRX2=(40,10,4)
DRX3=(40,25,4)
DRX4=(160,100,8)

DRX5=(320,200,10)

FTP3:

Baseline: 145342876
units, short DRX i:
198960000 units,
short DRX ii:
102274284 units,
short DRX iii:
77486778 units,

Baseline 46.7 ms,
short DRX i 5.2
ms, short DRX ii
14.5 ms, short
DRXiii  31.1ms

Web:

Baseline: 45016524
units, short DRX i
170939164 units,
short DRX ii
75298707 units,
short DRXiii
61838460 units,

Baseline 49.5 ms,

short DRX | 4.66 ms,
short DRX ii 14.1 ms,
short DRX iii 29.1 ms
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IM: 42.5% IM: About Traffic model: FTP3, IM
0.0025% CDRX config:
FTP: (160, 100, 8)
IM: (320, 80, 10)
Dynamic DRX operation: 33.83% to 58% for Case 1 71.5527ms Case 1 0.0021% for CDRX config: Numerical simulation
Ea::,\tlinitsy timer adaptation 58%C bRX Casel Case 1(160, 20 or 40,4),
Y A 42.97% for Case 2 63.770ms for Case 2(160,40 or 60,4), High power saving
Case2 0.0019% for Case 3(160,50 or 100,4) gain can be
33.83% for Case 3 e , , il
60.067ms Numerical evaluation for GYEWMEELL
for Case 3 0.0018% for single UE case, assuming  indicating inactivity
Case 3 a 0.5Mbytes packettakes ~ timer in WUS based

5 slots to complete for the
considered 50%
geometry. No HARQ
retransmission is
assumed. AL = 8 is
assumed for PDCCH
based WUS. Inactivity
timer value is set by WUS

on traffic arrival

Baseline values:
Average Power/ms:
31.1651

Latency (ms):
48.6247

and during DRX ON,
inactivity timer restarts
anytime PDCCH is
received.

Observation:

Dynamic DRX configuration schemes show power saving gain in the range of 8% - 70% with latency increase at 2%-
323%. When the DRX configuration and/or parameters are closely adapted to the traffic type, high power saving gain is
observed. One source shows the power saving gain -37% to +47% over the agreed baseline with Rel-15 DRX
configuration selection adapted to the traffic with suitable short DRX.

5.1.5

The UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number
of PDCCH blind decoding is reduced.

Adaptation to achieve reducing PDCCH monitoring/decoding

The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
- Triggering of PDCCH monitoring — dynamic trigger through L1 signal/signaling
- Power saving signal triggering PDCCH monitoring
- Go-to-sleep signaling to skip PDCCH monitoring
- PDCCH skipping -
- DCI based indication for PDCCH skipping (e.g., indication in DCI content, new SFI state).
- L1 signal/signaling (other than DCI) based triggering -
- Multiple CORESET/search space configurations
- Configuration of different PDCCH periodicities with dynamic signaling
- Adaptation of CORESET/search space configuration — DCI/timer/HARQ-ACK based indication
- Dynamic/semi-persistent CORESET/search space ON/OFF
- Adaptation between DRX ON duration timer and inactivitytimer
- Separated PDCCH monitoring of DL and UL
- L1 signaling triggering to assist UE in reducing the number of PDCCH blind decoding
- Reduced PDCCH monitoring on SCell (including cross carrier scheduling)

- Network assistance — RS is dynamically transmitted based on the need to assist UE performing synchronization,
channel tracking, measurements and channel estimations before PDCCH decoding

Observation:

3GPP
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The power saving schemes for reducing PDCCH monitoring shows 5%-85% power saving gains with different detailed
schemes comparing to the assumed baseline scheme of Rel-15 PDCCH monitoring for the purpose of evaluation,
although each of the different detailed schemes offers various power saving gains. Lower power saving gains 5%-15%
were observed for the continuous traffic. High power saving gains 50%-85% was observed for sporadic traffic arrival.
This comes at the expense of reduced UPT throughput in the range of 5%-43%, and increased latency in the range of
0%-115% (which does not necessarily result in exceeding the corresponding delay budget). This also comes at the
expense of additional overhead in the range of 0%-26.53% in terms of DL resource usage.

Table 9: Power saving scheme with UE adaptation to reduce PDCCH monitoring (Adaptation of
PDCCH monitoring periodicity)

Dynamic switching of 0% ~ 83%
PDCCH monitoring

periodicities by DCI

Adaptation of 20%
CORSET/search space
configuration — HARQ-

ACK based indication (UE
monitoring of PDCCH

search space for

retransmission is

triggered by decoding

failure of SPS PDSCH)

UE report preferred 85%
PDCCH monitoring
parameters, evaluated for

gaming application

PDCCH monitoring
adaptation between DRX
ONduration timer and
inactivity timer

5%-50%

22.42% ~
33.33%

PDCCH period adaptation
via DCI

0%-74% (for gaming,
and for all UE)

6%-59% (for FTP3,
and for UE of 5
percentile SINR)

3%-80% (for FTP3,
and for UE of 50
percentile SINR)

2%-83% (for FTP3,
and for UE of 95
percentile SINR)

20%

85%

5%-32% for UE of 5
percentile SINR

7%-47% for UE of 50
percentile SINR

7%-50% for UE of 95
percentile SINR

FTP/Video: 33.33%
IM: 30.76%

VolP: 22.42%

Average packet

Latency: 20.30~0.40

ms;
Latency increase:
0%~140%

Average packet
Latency:
37.41~106.62 ms;

Latency increase:
-90% ~84%

Average packet
Latency:
28.13~101.53 ms;
Latency increase:
-92% ~115%

Average packet
Latency:
27.26~100.88 ms;
Latency increase:
-92% ~118%

Average packet
Latency: 1 ms;
Latency increase:
0%

Average packet
latency: 20.30ms;
Latency increase:
The delay
requirement of
gaming (60ms) can
be fulfilled.

Average packet
Latency: 32-88 ms;
Latency increase:
5%-24%

Average packet
Latency: 23-82 ms;
Latency increase:
6%-38%

Average packet
Latency: 22-81 ms;

Latency increase:
7%-42%

Latency Increase:
FTP/Video: 15.27%
IM: 1.25%

VolP: 7.90%

3GPP

the additional bits

No overhead (use

in scheduling DCI)

No overhead

Marginal

Marginal

RU Increase:
FTP/Video: -1.25%
IM: 0%

VolP: -1.02%

Numerical
simulation;

Baseline
assumption:

1)Fixed PDCCH
monitoring periodicity
without CDRX;
2)CDRX;

Traffic: gaming and
ftp model 3

Numerical
simulation;
Baseline
assumption: UE
monitoring of
PDCCH search
space for
retransmission is
configured by RRC;
Traffic: VolP

Numerical
simulation;
Baseline
assumption: Fixed
PDCCH monitoring
periodicity of 0.5ms;
Traffic model:
gaming

Numerical simulation

Baseline
assumption: same
PDCCH monitoring
configurations
between DRX
ONduration timer
and inactivitytimer;
Traffic model: ftp

model 3

SLS PDCCH period is
adapted to 8 slot

CDRX config: after DCI
indication during

FTP/Video (160, data inactivity

100, 8)

IM (320, 80, 10)
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PDCCH period adaptation 6.48% ~
via time-out 29.94%
Joint Power Saving 35.14% ~
Adaptation by extended 45.09%
BWP framework

PDCCH monitoring 25%
periodicity adaptation

during the DRX active

time

PDCCH monitoring 22.01% ~
periodicity adaptation 36.17%
during the DRX active

time based on actual

transmission

Reduced PDCCH 20-34%
monitoring while the

inactivity timer is running

Dynamic scaling of 63.8%

PDCCH monitoring
periodicity/duration based
on implicit adaptation
criteria based on real-time
detection results of DCI
formats for scheduling
PDSCH/PUSCH.

28

FTP/Video: 29.94%
IM: 28.47%

VolP: 6.48%

FTP/Video: 32.85%
IM: 45.09%

VolP: 35.53%

FTP traffic:25.43%

Instant
Message:25.89%

Baseline: 41 units
N=2: 32.8 unit = 20%
saving

N=4: 28.9 units =
30% saving

N=8: 27.1 units =
34% saving

Implicit adaptation
criteria with
parameters,
(X1/X2/alpha/beta) =

(1/1/0.5/0.5)

3GPP

Latency Increase:
FTP/Video: 14.94%
IM: 1.26%

VolP: 0.75%

Latency Increase:
FTP/Video: 20.57%
IM: 11.06%

VolP: 11.92%

UPT loss:
1.60%-4.33%

Baseline: 47ms
N=2:47.6ms = 1.5%
increase
N=4:49.1ms = 4.5%
increase

N=8:52.4ms = 11.5%

increase

1.66Gbps/0.52ms

DCI Overhead
(w.r.t. data DCI):

FTP/Video: 6.03%
IM: 43.78%

VolP: 95.30%

RU Increase:
FTP/Video: -0.95%
IM: 0%

VolIP: 0%

DCI Overhead
(w.r.t. data DCI):

FTP/Video: 0%

IM: 0%

VolIP: 0%

RU Increase:
FTP/Video: -1.04%
IM: 1.30%

VolIP: -5.10%

no

ATIS.3GPP.38.840.V1600

VoIP (40, 10, 4)

SLS
CDRX config:

FTP/Video (160,
100, 8)

IM (320, 80, 10)

VolIP (40, 10, 4)

SLS
CDRX config:

FTP/Video (160,
100, 8)

IM (320, 80, 10)
VoIP (40, 10, 4)

Numerical
simulation;

CDRX config:

FTP traffic
(160,100,8)

Instant Message
(320,80,10)

Baseline: PDCCH
monitoring at each
slot during DRX
active time

Traffic model: FTP3
with file size
0.5Mbps,

DRX configuration
(160,100,8)

Numerical
simulation. FTP3
0.5Mbyte. Arrival
rate = 0.2 sec

Baseline: C-DRX
config = 160/100/8

FR1. No UL
modelled

High SNR
Numerical simulation

No C-DRX,

FTP3 traffic model w/
mean of inter-packet
arrivals = 4ms

PDCCH period is
adapted to 8 slot
after time-out
during data
inactivity

WUS power value
is the same as
that of cross-slot
PDCCH-only
monitoring

Peak throughput:
10-symbol
PDSCH in one
slot; 100 MHz
BWP

No UL.

Single UE

Reference
schemes: PDCCH
monitoring
periodicity: 1 slot,
K0=0

“N" is number of
slots between
which PDCCH is
monitored in
inactivity period.
PDCCH
monitored for 1
slot

Latency is
increase relative
to baseline (full
monitoring
baseline latency
is 47ms)

Single UE.

Power model for
RS based power
saving signal
detection: 55
power units

One PDSCH over
10 symbols in one
slot is capable of
carrying 868584
information bits.
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Reduced PDCCH
monitoring by increasing
PDCCH monitoring
periodicity

Observation:

32% ~ 50%

49.6%, 33.5%,
32.0%

Latency increases by
116%, 50%, 56%

SLS

Case 1(160, 100, 8),
Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

ATIS.3GPP.38.840.V1600

10 UEs per cell
Average gain

Latency increase
due to fixed
monitoring

IM (Case 2, 3, 4)

periodicity.

PDCCH monitoring periodicity configurations can be dynamically adapted based on explicit/implicit signaling, and
works with or without C-DRX. The power saving gain over the agreed baseline in the range of 5% ~ 63.8% is
observed, with latency increase in the range of 1.25% ~ 38% and overhead 0% -1.3 %. One source shows 85% power
saving gain with latency 118%. The high latency is due to the not-fully-flexible PDCCH monitoring. If non-adaptive
PDCCH periodicity is applied, one source shows 32% - 50% power saving gain subject to 56% - 116% latency increase.
Generally, the larger the PDCCH monitoring periodicity, the larger the power saving gain but the associated latency

increase would be higher.

Table 10: Power saving scheme with triggering UE adaptation to reduce PDCCH monitoring (PDCCH

skipping, "go-to-sleep” signal)

Rel-15 MAC-CE-based
Go-To-Sleep signalling

Go-to-sleep (GTS)
signaling

DCI explicit indication of
PDCCH monitoring
occasions within a
periodicity

Skipping PDCCH for a
specified time via DCI

42.21% ~
56.05%

9.22% ~
27.31%

0%-83%

22.44% ~
33.17%

FTP/Video: 56.05%
IM: 48.30%

VolP: 42.21%

Average power:
(76.45/69.40)~
(97.75/71.05)

0%-57% (for gaming
and for all UE)

6%-59% (for FTP3,
and for UE of 5
percentile SINR)

3%-80% (for FTP3,
and for UE of 50
percentile SINR)

2%-83% (for FTP3,
and for UE of 95
percentile SINR)

FTP/Video: 33.17%
IM: 30.76%

VolIP: 22.44%

3GPP

Latency Increase:
FTP/Video: 77.54%
IM: 9.84%

VolP: 59.39%

UPT: 5.58%~39.15%

Latency:
0.04%~18.69%

Average packet
Latency: 20.81 ms;
Latency increase:
3%-24%

Average packet
Latency: 40.11-
119.45 ms;
Latency increase: -
89%-106%

Average packet
Latency: 29.37-
105.25 ms;

Latency increase:
-92% -122%

Average packet
Latency: 28.23-
103.65 ms;

Latency increase:
-92% -124%
Latency Increase:
FTP/Video: 14.62%
IM: 1.28%

VolP: 7.82%

RU increase:

FTP/Video: -
1.25%

IM: 0.65%
VolP: -26.53%

1.45%10° ~
1.24*10*

One PDCCH
per 40 ms

One PDCCH
per 50, 160
and 200 ms

One PDCCH
per 50, 160
and 200 ms

One PDCCH
per 50, 160
and 200 ms

RU Increase:

FTP/Video: -
1.34%

IM: 0%
VolIP: -1.02%

DCI Overhead
(w.r.t. data
DCI):

FTP/Video:
93.91%

CDRX config:

FTP/Video (160,
100, 8)

IM (320, 80, 10)

VoIP (40, 10, 4)

SLS

DRX config: (320,
200, 10), (320, 80,
10), (160, 100, 8),
(160, 40, 8), (40, 25,

4), (40, 10, 4)

Numerical
simulation;

Baseline

assumption:

1)Fixed PDCCH
monitoring periodicity

without CDRX;

2)CDRX;

Traffic: gaming and
ftp model 3

CDRX config:

FTP/Video (160,
100, 8)

IM (320, 80, 10)

VoIP (40, 10, 4)

10 UEsin a cell

Repeatedly skipping 7
slots of PDCCH
monitoring after DCI
indication during data
inactivity
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Power saving signal
trigger PDCCH reduction
and power saving
reference signal for
channel tracking, CSI
measurement.

Power saving signal
triggering UE go to sleep
by indicating a sleep
duration

GTS triggering sleep
(1) Via MAC message
(2) Via L1 signaling

Dynamic PDSCH
reception without PDCCH

Reduced PDCCH
monitoring by informing
UE of scheduling pattern
in advance

1) gNB can send sleep
indication to UE to make
UE enter sleep state (e.g.,
skipping PDCCH ) for
specified amount of time.

2) UE enters sleep state
(e.g., skipping PDCCH
monitoring) for the
specified amount of time
once it receives sleep
indication from gNB.

1) gNB can send sleep
indication (e.g., when DL
queue is empty) to make
UE enter sleep state until
next ON duration.

2) If UE receives sleep
indication, UE sleeps
(e.g., skip PDCCH
monitoring) until the next
ON duration.

PDCCH skipping

30

50.3% ~
65.9%

ftp3 with 320ms DRX-
cycle:50.3%

IM with 160ms DRX-
cycle:65.9%

21%-54% Sleep duration=2ms:
22%-28%

Sleep duration=4ms:
21%-33%

Sleep duration=8ms:
29%-54%

Sleep duration=16ms:
32%-54%

(1) 44.12%-
75.72%
(2) 45.56%-
78.43%

38.7% RS based power
saving signal for
PDSCH reception
indication with
monitoring periodicity
of 1slot/0.5ms

24% - 51% FTP: 28.1%, 27.1%,

24.2%

IM: 50.1%, 50.7%,
33.8%

71% for low load when
mean inter-grant
arrival T is 20 slots.

37%~71%

55% for medium load
(T=10)

37% for high load
(T=5)

57~69% 69% for DRX5

57% for DRX4

Ideal
indication:
11.4 ~ 47.3%

For PDCCH period
1 slot: 47.3%
2 slots: 31.5%

3GPP

IM: 1250.81%

VolIP:
286.02%

- Power saving

signal is
smaller
PDCCH
overhead.

UPT loss:

(1) 27.30%-

41.57%

(2) 30.60%-

43.02%

1.68Gbps/0.52ms PDCCH
DMRS like
power saving
signal is
considered for
PDSCH
reception
indication.

No impact

20Mbps

Latency increase for
PDCCH period
1 slot: 0.57%

ATIS.3GPP.38.840.V1600

SLS with 10UE per
TRP to get
transmission rate,
and observed one
single UE for power
consumption.

Baseline: RI5DRX
scheme, considering
procedure of channel
tracking, CSI
measurement. FTP3
with 0.5Mbytes and
200ms inter-arrival
time, IM with
0.1Mbytes and 2s
inter-arrival time

Numerical
simulation;

FTP3 model: file
size=0.1Mbps,mean
inter-arrival time
200msec

CDRX config:
40-10-4

40-25-4
160-40-8
160-100-8
320-80-10
320-200-10

Baseline: No GTS

Traffic model: FTP3
with file size
0.5Mbps,

DRX configuration
(160,100,8)

Numerical simulation

No C-DRX,

FTP3 traffic model w/
mean of inter-packet
arrivals = 8ms

SLS

Case 1(160, 100, 8),
Case 2 (40, 25, 4),
Case 3(40, 10, 4)
Case 4(320, 80, 10)

FTP (Case 1, 2, 3)
IM (Case 2, 3, 4)

Evaluation Method =
Numerical Simulation

Baseline has no
DRX considered.

Evaluation Method =
Numerical
Simulation,

DRX5=(320,200,10)
DRX4=(160,100,8)
Baseline has no GTS

signal
SLS

Peak throughput: 10-
symbol PDSCH in one
slot; 100 MHz BWP

No UL.

Single UE

Reference schemes:
PDCCH monitoring
periodicity: 1 slot,
K0=0

Single UE.

One PDSCH over 10
symbols in one slot is
capable of carrying
868584 information
bits.

10 UEs per cell
Average gain

Higher gain observed
for IM traffic with
shorter DRX cycle.

DRX1=(10,10,4)
DRX2=(40,10,4)
DRX3=(40,25,4)
DRX4=(160,100,8)

DRX5=(320,200,10)

- Gain in average
power consumption



PDCCH skipping

Power saving signal (go-
to-sleep signal) triggering
UE go to sleep for the
specified amount of time

SFl-based
indication:
7.8% ~ 44.6%

Ideal
indication:
21.4 ~67%

SFl-based
indication:
11.9 ~ 62.3%

Ideal
indication:
15.2 ~ 53.5%

Ideal
indication:
30.9 ~61.8%

45.77% and
60.82%

48.5-71.5%

31

4 slots: 19.3%
8 slots: 11.4%

For PDCCH period
1 slot: 44.6%

2 slots: 28.5%

4 slots: 16.0%

8 slots: 7.8%

For PDCCH period
1 slot: 67.0%
2 slots: 50.7%
4 slots: 34.4%
8 slots: 21.4%

For PDCCH period
1 slot: 62.3%
2 slots: 44.4%
4 slots: 26.4%
8 slots: 11.9%

For PDCCH period
1 slot: 53.5%
2 slots: 37.6%
4 slots: 24.3%
8 slots: 15.2%

For PDCCH period
1 slot: 61.8%
2 slots: 49.0%
4 slots: 38.2%
8 slots: 30.9%

FTP: 45.77%

IM: 60.82%

48.52%

58.64%

61.93%

66.96%

67.74%

68.35%

58.93%

59.93%

3GPP

2 slot: 0.80%
4 slot: 1.37%
8 slot: 2.50%

Latency increase for Signaling

PDCCH period overhead:

1 slot: 0.57% skipping

2 slot: 0.80% indication

4 slot: 1.37% (SFI)

8 slot: 2.50% transmitted at
rate of
20.75%

Latency increase for

PDCCH period

1 slot: 0.46%

2 slot: 0.91%

4 slot: 1.37%

8 slot: 2.74%

Latency increase Signaling

latency for PDCCH overhead:

period skipping

1 slot: 0.46% indication

2 slot: 0.91% (SFI)

4 slot: 1.37% transmitted at

8 slot: 2.74% rate of
20.75%

Latency increase for

PDCCH period

1 slot: 0.14%

2 slot: 0.28%

4 slot: 0.42%

8 slot: 0.84%

Latency increase for

PDCCH period

1 slot:0.13%

2 slot:0.25%

4 slot:0.37%

8 slot:0.75%
FTP: 0.3%
IM: 0.3%

64.3/54.4 MBps

(15.4%) / 85.8/100.1
ms (16.6%)

87.0/71.4 MBps
(17.9%) / 59.8/72.0
ms (20.3%)

91.4/73.2 MBps
(19.8%) / 55.7/68.8
ms (23.6%)

5.79/5.36 MBps
(7.4%) / 145.9/156.9
ms (7.6%)

6.07/5.59 MBps
(8.0%) / 142.2/153.7
ms (8.1%)

5.90/5.36 MBps
(9.1%) / 144.2/158.2
ms (9.7%)

0.0286/0.0164 MBps
(42.6%) / 10.2/23.8
ms (134.3%)

0.0279/0.0148 MBps
(47.0%) / 10.2/27.1
ms (165.2%)

ATIS.3GPP.38.840.V1600

FR1, no DRX

FTP3, k0 > 0, genie-
aided PDCCH
skipping indication

SLS
FR1, no DRX

FTP3, k0 > 0, SFI-
based PDCCH
skipping indication
with periodicity of 8
slots

SLS
FR2, no DRX

FTP3, k0 > 0, genie-
aided PDCCH
skipping indication

SLS
FR2, no DRX

FTP3, k0 > 0, SFI-
based PDCCH
skipping indications
with periodicity of 8
slots.

SLS

FR2, CDRX config =
(160, 100, 4)

FTP3, k0 > 0, genie-
aided PDCCH
skipping indication
SLS

FR2, CDRX config =
(160, 40, 4)

FTP3, k0 > 0, genie-
aided PDCCH
skipping indication
System level
simulation.

Traffic model: FTP3
and IM

CDRX config:

FTP: (160, 100, 8)
IM: (320, 80, 10)

5%
System
level
simulation.

)0/
S0% FTP model
3

160, 100,

8
95%

5%
System

level
simulation

50%
Instant

Messaging
320, 80,

10
95%

System
level
simulation.

5%

VolP

50% 40,10, 4

- Baseline latency:
87.6ms (PDCCH
period 1 slot)

- Gain in average
power consumption
- Baseline latency:
21.9ms (PDCCH
period 1 slot)

- Gain in average
power consumption
- Baseline latency:
71.85ms (PDCCH
period 1 slot

- Gain in average
power consumption
- Baseline latency:
80.25ms (PDCCH
period 1 slot)
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Go-to-sleep signal. DCI-
based, indicating the UE
can sleep until next On
Duration. Based on a
sliding window checking
past x ms

DRX:
3-44 %

Short DRX:

7-17 %

60.49%

67.03%

68.82%

68.28%

59.57%

59.6%

59.67%

70.16%

71.55%

71.42%

DRX:

Versionl

600 slots: +3.1 %

400 slots: +7.9 %

200 slots: +44.2 %

Version2

600 slots: 0 %

400 slots: +3.0 %

200 slots: +36.1 %

Short DRX:

Versionl

600 slots: +7.2 %

400 slots: +11.3 %

200 slots: +17.4 %

Version2

600 slots: 0 %

400 slots: 0 %

200 slots: 0 %

3GPP

32

0.0289/0.0154 MBps
(46.6%) / 10.1/26.8
ms (165.3%)

0.0568/0.0252 MBps
(55.7%) / 16.8/23.0
ms (36.6%)

0.0531/0.0252 MBps
(52.5%) / 17.2/22.7
ms (31.9%)

0.0491/0.0289 MBps
(41.2%) / 16.0/21.9
ms (36.9%)

2.26/1.98 MBps
(12.5%) /
132.9/148.8 ms
(11.9%)

2.33/2.05 MBps
(12.2%) /
130.9/145.8 ms
(11.4%)

2.27/1.94 MBps
(14.2%) /
130.3/148.2 ms
(13.7%)

0.1152/0.0613 MBps
(46.8%) / 8.58/19.79
ms (130.7%)

0.1192/0.0625 MBps
(47.6%) / 8.44/19.79
ms (134.4%)

0.1155/0.0615 MBps
(46.7%) | 8.74/19.88
ms (127.6%)

DRX:

Versionl

600 slots: +1.0 %
400 slots: +3.7 %
200 slots: +21.9 %
Version2

600 slots: 0 %

400 slots: +1.0 %
200 slots: +18.4 %
Short DRX:
Versionl

600 slots: +2.8 %
400 slots: +4.2 %
200 slots: +2.8 %
Version2

600 slots: 0 %

400 slots: 0 %

200 slots: 0 %

GTSis
included in the
PDCCH DCI
S0 minor
overhead

ATIS.3GPP.38.840.V1600

95%

5%

System

level

simulation.
50%

Gaming

40, 10, 4

95%

5%

System
level
simulation.
0/

s0% Web
browsing
320, 80,
10

95%

5%
System
level
simulation.
50%
Video
streaming
40, 10, 4
95%

Numerical simulation

Results are
compared to each
DRX configuration
without GTS.

Versionl: send GTS
if window is empty

Version2: send GTS
if window is empty
and Inactivity Timer
is running

Long DRX cycle only
(as per MAC
specification
38.321).

Made for FTP3

Cases:

DRX: 160 ms DRX
cycle, 100 ms
inactivity timer, 8 ms
On Duration.

Short DRX: 40 ms
DRX cycle, 5 ms
inactivity timer, 4 ms
On Duration, 20 ms
short DRX cycle, 5
short cycles

GTS windows are
600, 400, 200 slots

DRX:

No GTS: 141272445
units,

Version1:

600 slots 136919235
units, 400 slots
130127331 units, 200
slots 78768183 units,
Version 2

600 slots 141272445
units, 400 slots

137092359 units, 200
slots 90270831 units,

No GTS 51.1 ms
Version 1:

600 slots 51.6 ms, 400
slots 53.0 ms, 200
slots 62.3 ms

Version 2:

600 slots 51.1 ms, 400
slots 51.6 ms, 200
slots 60.5 ms

Short DRX:

No GTS: 100934244
units,

Version1:
600 slots 93676773
units, 400 slots

89502438 units, 200
slots 83327871 units,

Version 2

600 slots 100934244
units, 400 slots
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100934244 units, 200
slots 100934244 units,

No GTS 14.3 ms
Version 1:

600 slots 14.7 ms, 400
slots 14.9 ms, 200
slots 14.7 ms

Version 2:

600 slots 14.3 ms, 400
slots 14.3 ms, 200
slots 14.3 ms

Table 10-1: Power saving scheme with PDCCH skipping or "go-to-sleep” signal comparing with short
DRX

Observation:

Long DRX operation with
PDCCH skipping

inactivity timer adaptation
by WUS

Long and short DRX

Long DRX operation: with
PDCCH skipping

Long and short inactivity
timer adaptation

w and w/o WUS

Long and short DRX

36% to 58%
w.r.t C-DRX

7.69% to
84.62%
w.r.t Long
C-DRX

Cast 1: Baseline
36% for Case 2
46% for Case 3
54% for Case 4

24.98 for Cast 5
20.73 for Case 6
18.9 for Case 7

19.07 for Case 8

58.97% for Case 11
38.42% for Case 12
79.49% for Case 2

7.69% w/o WUS and
69.29% w WUS for
Cast 21

33.33% w/o WUS
and 79.49% w WUS
for Cast 22

51.28% w/o WUS
and 82.05% w WUS
for Cast 23

69.29% w/o WUS
and 84.62% w WUS
for Cast 24

41.22 and 21.93
ms for Case 1
47.03 and 26 ms
for Case2

30.57 and 18.92
ms for Case 3
36.96 and 26.72
ms for Case 4

63.25 ms for
Caseb
66.25 ms for
Case6
68.58 ms for
Case7
90.37 ms for
Case8

43 ms for cas 0

51 ms for Case 11
47 ms for Casel2
83 ms for Case 2
44 ms w/o WUS
and 51 ms w WUS
for Case21

45 ms w/o WUS
and 52 ms w WUS
for Case22

47 ms w/o WUS
and 53 ms w WUS
for Case23

55 ms w/o WUS
and 61 ms w WUS
for Case24

CDRX config:
Case 1(80, 5,8 or 40,5,
4).,

Case 2(80,5, 8 or 40,5, 4)
+GTS

Case 3(80,5, 8 or 40, 5, 4)
+ short DRX (40,-, 3)

Case 3(80,5, 8 or 40, 5, 4)
+ short DRX (20,-,5)

Case 5(160, 100,8) +
GTS 10,

Case 6(160,100, 8) +
GTS 20

Case 7(160, 100,8 ) +
GTS 40,

Case 8(160,100, 8) +
MAC CE

CDRX config:

Case 0(160, 100,8) ,
Case 11(160,100, 8) + PS
10

Case 12(160,100, 8) + PS
5

Case 2 (160,100, 8) +
MAC CE

Case 21(160, 100,8 )
+short DRX10,

Case 22(160,100, 8) +
short DRX 20

Case 23(160, 100,8 ) +
short DRX 40,

Case 24(160,100, 8) +
short DRX 80

System Throughput
107.4 and 108.6 for
Casel

95.2 and 161 for
Case2

140.8 and 217.8 for
Case3

118.8 and 191 for
Case4

78.7 for Case5
75.6 for Case6
72.5 for Case7
56.3 for Case8

For inactivity timer =
5ms, big power
saving loss for all
cases without WUS
were observed.

The power saving
scheme with PDCCH
skipping, WUS or
MAC shows
comparable power
consumption.

The latency of all
power saving
scheme is reduced.

Reduction of PDCCH monitoring can also be achieved with explicit/implicit information for UE to skip monitoring
PDCCH. A related approach, such as power saving signal/channel triggering/enabling PDCCH monitoring or "go-to-
sleep” signaling where the gNB can signal the UE to go to the DRX OFF state or skip the PDCCH monitoring, is
considered. Power saving gain in the range of 9%~83% is observed, with latency increase in the range of 0.1%~75%
and overhead of 0% - 1% with one source showing 124% latency increase. Generally, the gain is higher for scenarios
with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency
increase is associated with higher gain.

Table 11: Power saving schemes with CORESET/Search Space/blind decoding reduction
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Reduce PDCCH blind 3-24% 32:+2.8 % No latency Numerical Itis shown in [99] that
decoding from reference impact simulation assuming that ¥s or % of the
(36) to {32, 16, 8, 4, 2} 16 +14.1 % evaluated UEs to be scheduled in a
candidates CORESET operate in
FTP3, DRX i i
8: +19.7 % configuration EnerovEavpalodelviy

number of blind decoding

(160, 40, 8) with candidates reduced by 50%
4:+22.5% & b"”.d deco_dmg will cause an increase in
igng'dft;]s ;_EZZ' average blocking probability
2:+423.9 % P B by 50% ar:jd_ 1(|)0%,
reference has the correspondingly-
same DRX
configuration but
36 blind decoding
candidates.
Reduction on PDCCH /w CDRX w/ CDRX 19Mbps / DCI based power Numerical Single UE.
candidates in achieving 45.6ms saving signal for simulation
PIDICICHy o) Glegmeling 26.7%~2.7%  (26.7%/26%,24.5%,2 triggering One PDSCH over 10
reduction 1.3%,15.1%,2.7%) adaptation with FTP3 traffic ST 0 (I Sl s
monitoring, T = model w/ mean of oo ;
w/o CDRX 1024ms u capable of carrying 868584
w/o CDRX 1.7Gbps / inter-packet information bits.
28.9% ~ 3.3% 0.5ms arrivals = 200ms
(28.9%/28.1%/26.5%
123.2%116.5%/3.3%)
Number of BDs
equals to
(1,2,4,8,16,32)

Observation:

PDCCH blind decoding reduction can also be used to potentially reduce the UE power consumption. Power saving gain
of 1.4%-11% is shown when the number of blind decoding candidates is reduced by half, with system level impact in
terms of higher DL control blocking probability (e.g. assuming that 1/4 of the UEs are to be scheduled in a CORESET
with such reduced blind decoding limit, the average blocking probability would increase by 50%). One source shows
power saving gain of 29% with single blind decoding candidate without showing the results of latency and expected
high blocking probability.

Observation:

In relation to above power saving schemes aforementioned, some Rel-15 C-DRX schemes are also evaluated compared
to the agreed baseline. In one source, Rel-15 MAC-CE based DRX command is evaluated, and the gain is observed to
be 42%~56% with latency increase of 10%~77% across three traffic types. In another source, short DRX supported in
Rel-15 is evaluated and power saving of 30%~280% is observed with latency increase of 31%~97%.

5.1.6 UE assistance Information

The UE assistance information for any UE power saving scheme is for UE to provide the assistance information to the
network in configuration for UE adaptation to achieve power saving gain. UE assistance information reported by UE for
power saving is a UE recommendation and the network shall make the final decision on whether and how to use that
information.

The UE assistance information for the power saving schemes for further studies are as follows,
- UE assistance information/feedback to assist network in configurations for UE adaptation
- UE preferred processing timeline parameters, e.g., KO, K1, K2 values
- UE preferred BWP information/configuration
- UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
- UE assistance/feedback on the DRX configurations/parameters
- UE preferred BWP provided to assist network in BWP switching
- UE request on SCell/SCG activation/de-activation/configuration

- UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind
decoding
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Observation:

Some UE assistance information has been used by the power saving schemes to adapt to the traffic resulting in power
saving gain. Power saving schemes including UE assistance information in the evaluation show power saving gain of
9%-45% for UE adaptation to BWP switching, 4%-80% for UE adaptation to DRX operation, and 5%-43% for SCell
operation.

5.2 Power saving signal/channel/procedure for triggering
adaptation to UE power consumption

5.2.1 Power saving signal/channel
The power saving signal/channel for UE adaptation includes the following signals/channels for further study
- Existing signal/channel based power saving signal/channel
- PDCCH channel
- TRS, CSI-RS type RS, SSS-like and DMRS
- PDSCH channel carried MAC CE and/or RRC signaling
- New power saving signal/channel — sequence based

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of
power saving signal design in addition to its triggering to the power saving gain.

- Network resource overhead
- Resource and/or periodicity of power saving signal/channel
- Multiplexing capability - include total number of UEs supported
- Usage of resource
- Coexistence/multiplexing with existed signal/channel of Rel-15
- UE-specific, group-specific, cell-specific power saving signal/channel
- Detection performance
- Complexity
- Power consumption of the power saving signal/channel
- The behaviour when miss detection/false alarm happens
- Multiplexing with other signals/channels
- Number of information bits

The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false
alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel

- The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation

For power saving signal/channel for wake-up purpose, X=0.1 and Y=1
- For power saving signal/channel for go-to-sleep purpose, X=1 and Y=0.1

- Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use
cases and scenarios

- For any other purpose(s) of power saving signal/channel, companies to report X & Y values
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- The target of miss detection would be different depending on the behaviour of miss detection of power saving
signal/channel.

- If miss detection behaviour is defined as no subsequent PDCCH reception, low miss detection rate is required
in order to avoid increased latency of missed chance of the scheduling.

- If miss detection behaviour is defined as subsequent PDCCH reception, low miss detection rate is not
required.

- The miss detection performance when multiple power saving signal/channel are multiplexed on the same
resource, when applicable

- The performance of the power saving signal/channel should assume realistic implementation limitations, e.g., by
using realistic channel estimation and time/frequency offset estimation, etc.

The UE miss detection performance results of UE power saving signal/channels, such as PDCCH based GC-PDCCH
based, CSI-RS, TRS, SSS, and single-stage or multi-stage new sequences, are shown in Table 12.

Table 12: Miss detection performance of power saving signal/channel

About [3, 6.1] dB for
AL=[2, 4], inform.
bits=12;
PDCCH based 1 1,2,12
About [2.3, 3.3] dB for
AL=2, inform. bits=[1, 2]

TDL-C Low 100ns 10Hz;
1TX/2RX;

SCS=30KHz;

CSI-RS About 2.5 dB for 1%

density=3 CSI-RS: 51 RBs, 1 0OS

About [0.4, 1.2] dB for SSS: 127 REs

Sss inform. bits=[1 2]

1% 1 1-2

[5.7, 2.2, -2.4, -5.4, -9]
dB for AL=[1, 2, 4, 8, 16]
and delay spread 30 ns

[6.5,-0.3,-3.6, -7.5, <-
PDCCH based 10] dB for AL=[1, 2, 4, 8, 1% 1 1
16] and delay spread
100 ns
[8.4,-0.4,-4.6,-8.7, <
10] dB for AL=[1, 2, 4, 8,
16] and delay spread
300 ns

TDL-C 3km/hr with delay

-3.3 dB for delay spread spread: 30 ns, 100 ns or
30 ns 300 ns; 2TX/2RX;
-5.3 dB for delay spread
100 ns
-6 dB for delay spread

300 ns PDCCH/GC-PDCCH:
54/108/216/432/864 RES for

TRS 1% 1 1

SSS (UE specific)

GC-PDCCH based

M =1 UE:

1.2 dB for delay spread
30 ns

0.2 dB for delay spread
100 ns

-0.3 dB for delay spread
300 ns

M =6 UEs:

8.9 dB for delay spread
30 ns

8.5 dB for delay spread
100 ns

7.9 dB for delay spread
300 ns

M = 6 UEs; 2 bits per
UE:

[4.5, -5.7] dB for AL=[2,
16] and delay spread
30ns;

[3.6, -7.7] dB for AL=[2,
16] and delay spread
100ns

[4.4, -7.6] dB for AL=[2,

1%

1%

3GPP

1 per UE

2 per UE

AL1/2/4/8/16; Sequence
detection for PDCCH, and
Polar decoding for GC-
PDCCH

TRS: 312 REs in 52 RBs

SSS: 127 REs in 12 RBs
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PDCCH based

CSI-RS-WUS

PDCCH based

DMRS

SSS

PDCCH based

CSI-RS

Multi-stage sequences

Single stage sequence

PDCCH based

37

16] and delay spread
300ns

FR1:

About [3.5, -1.5, -5] dB
for AL=[2, 4, 8], 2RX,
TDL-A 30ns, inform. bits
=12;

About [6, -1, -4] dB for
AL=[2, 4, 8], 2RX, TDL-C
300ns, inform. bits = 12;

About [5.5, 0, -3] dB for
AL=[2, 4, 8], 2RX, TDL-A
30ns, inform. bits = 30;

About [9, 1.5, -2.5] dB for
AL=[2, 4, 8], 2RX, TDL-C
300ns, inform. bits = 30;

FR2:

3dB for AL=8, 3 beams
swept, for AL=4, 7
beams swept and up to
160ms C-DRX cycle.

FR2: 3dB 1%

About [-2.5, -5.4] dB for
AL=[8, 16], TDL-C
100ns, SCS=15KHz;

About [-2, -5] dB for
AL=[8, 16], TDL-C
300ns, SCS=15KHz;

About [-3, -5] dB for
AL=[8, 16], TDL-C
100ns, SCS=30KHz;

About [-3, -4.5] dB for
AL=[8, 16], TDL-C
300ns, SCS=30KHz;

About [-1, -4] dB for
RBs=[48, 96], TDL-C
100ns, SCS=15KHz;

About [-0.5, -4] dB for
RBs=[48, 96], TDL-C
300ns, SCS=15KHz;

About [-0.5, -4] dB for
RBs=[48, 96], TDL-C
100ns, SCS=30KHz;

About [1, -2] dB for
RBs=[48, 96], TDL-C
300ns, SCS=30KHz;

>3dB 1%

About [-9.15, -12.5, -
15.2]dB for AL=[4, 8,
16]

-13.3dB 1%

About [-15.1, -18, -20.97]
dB for [256, 512, 1024] 1%
REs

About [-15.1, -18, -20.97]
dB for [256, 512, 1024] 1%
REs

About [-3, -6.5] dB for
AL=[8, 16], inform. bits =

About [-2, -5] dB for
AL=[8, 16], inform. bits =
30

3GPP

M, e.g., 16

M, e.g., 16

12,30

24

10

12

Logz(N?),
N=256,512,10
24

Logz(N),
N=256,512,10
24

ATIS.3GPP.38.840.V1600

Simulation parameters
specified in Table A1.5-1 in
TR38.802

For FR2:
CDL-C 300ns;
Carrier frequency: 30 GHz;

3 or more beams

TDL-C 100ns, 300ns;
SCS=15KHz, 30KHz;
2TX/2RX ;

SSS:127 REs

AWGN;
2TX/1RX;
SCS=15KHz;

CSI-RS: 150REs

TDL-C 300ns;

SCS=30KHz;



Release 16 38 ATIS.3GPP.38.840.V1600
TDL-C
On-off keying sequence 3dB
SCS=15KHz;
About [-1.4, -3.8, -6.2] TDL-C 30ns;
PDCCH based dB for AL=[4, 8, 16] 12
2TXI2RX;
About [0, -1, -4] dB for TRS: 288 REs (48 RBs, 2
[48 RBs, 2 OS; 96 RBs, OS; 96 RBs; 1 0S), 576
_1 os; 96_RBS, 20s], REs (96 RBs, 2 OS), RS
TRS inform. bits=2; 1% 2,6 density =3
About -3 dB for 96 RBs,
2 OS, inform. bits=6
Simulation parameters
specified in Table A1.5-1 in
TR38.802
CSI-RS -6 dB 1% 2TXI2RX;
CSI-RS: 24 RBs
RS density = 3
CDL-C 100ns;
About [3, 0, -2, -4, -6] dB .
PDCCH based for AL=[L, 2, 4, 8, 16] 4 2TXI2RX;
SCS = 30KHz
About [6, 0, -4.5] dB for
[48 RBs, 1 OS; 24 RBs,
DRI 20S;48RBs, 20S]to 1%
reach 1% MDR
TDL-A 30ns;
About [0, -3, -6] dB for
[48 RBs, config2; 24 1TX/2RX
CSI-RS RBs, config3; 48 RBs, 1%
config3] to reach 1% )
MDR CSI-RS config. [63]:
About [1, 0, -2, -3] dB for config2: RS density=2, 2
Second level DMRS inform. bits=[4, 3, 2, 1] to 1~4 os
reach 0.1% ER
config3: RS density=2, 40S
About [6, 4.5, 2.5, 0] dB
for inform. bits=[4, 3, 2, _
Seea] [20E] CGEHRE 1], config2 to reach 0.1% =4
ER
PDCCH based ﬁEngt [‘Zti e 12
e TDL-C 300ns;
About [1, -3.5] dB for
CRI-RS CSI-RS sequence 1% 2R
length=[108, 216]
AWGN;
WUS length: 63 bits;
On-off keying sequence [At BER = 0.15] 1%
SCS = 15KHz

Observations:

- Power saving signal/channel used as the UE wakeup in triggering UE adaptation to the DRX operation shows the
power saving gains 4%-97% with some overheads 0% -3.5%.

- Power saving signal/channel triggering to assist the BWP switching shows the power saving gain 25% - 55%
with the overhead of 7%-21% from the additional RS.

- Power saving signal/channel triggering/enabling PDCCH monitoring reduction achieves the power saving gain
50%-66% with 1.7% overhead.

- The 0.1% miss detection performance of different power saving signal/channel, such as PDCCH-based, TRS,
CSI-RS, DMRS, SSS-like, new sequence type, such as OOK, Gold sequence, had been shown with the required
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SINR range -6 dB to 5.7 dB with false alarm probability at 1%. Fewer resource used by power saving
signal/channel or beam degradation would require higher SINR operating point. The power saving
signal/channel also has the multiplexing capability ranged 1-16 UEs in the evaluation depending on the power
saving signal/channel type. The power saving signal/channel may carry additional information bits in addition to
the triggering for UE adaptation. The power saving signal/channel detection performance shows that it is
adequate for triggering the UE adaption to the power consumption.

5.2.2 Power saving procedure

The power saving signal/channel in triggering UE adaptation to DRX operation for further study is that the power
saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the
sleep state. RS resources can be considered to assist UE in performing RRM/CSI measurement and channel
time/frequency and/or beam tracking.

The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study is
that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for
a period of time.

The power saving signal/channel in triggering UE frequency domain processing adaptation for further study is the
power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI
measurements, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell
in achieving the power saving gain. The power saving signal/channel can be used for BWP switching,
activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.

For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO
configuration/layers, antenna configuration, UE processing time, and background processing can be used as the
indication for UE adaptation. The power saving signal/channel in triggering UE adaptation to the processing is to allow
UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH
processing or the essential background processing, such as periodic CSI and RRM measurements.

5.2.3 Additional RS

Additional RS is the RS provided by gNB to assist UE in performing e.g., fine synchronization, channel/beam tracking,
and/or CSI/RRM measurements in addition to the existing RS in Rel-15. The additional RS was proposed for study for
power saving schemes for e.g,, UE adaptation to the DRX operation, BWP switching, fast SCell activation, reducing
PDCCH monitoring, and/or RRM measurements. RS design is assumed to reuse Rel-15 waveform. Power saving
signal could be used to meet the purpose of additional RS.

5.3 Power consumption reduction in RRM measurements

The RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states. The deployment
scenarios for further studies of RRM power saving focus on the stationary (e.g., Okm/h), pedestrian (e.g., 3km/h) and
vehicular (e.g., 30km/h) scenarios when considering UE power saving techniques for RRM measurements,

- For IDLE/INACTIVE state, at least the following power components are recommended to be considered for
RRM measurement power saving evaluation

Loop convergence (AGC, TTL & FTL) / time-frequency tracking

- How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in
the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-
frequency tracing

- FFS: The power value for loop convergence /time-frequency tracking is as the same as SSB processing.
- Paging
- SIB1 decoding (PDCCH+PDSCH)
- Neighboring cell search (within SMTC), if any
- SSB measurement (serving cell only / severing cell and neighboring cells, if any)

- Sleep
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For CONNECTED state, at least the following power components are recommended to be considered for RRM
measurement power saving evaluation,

Loop convergence (AGC, TTL & FTL) / time-frequency tracking

- How many SSB bursts are used for Loop convergence, with consideration of being potentially confined in
the same SSB burst or different SSB bursts for serving cells and neighboring cells measurement/ time-
frequency tracing

- Based on SSB and/or TRS(if configured)
- PDCCH-only monitoring during active time
- SSB measurement (serving cell only / severing cell and neighboring cells, if any)
- Neighboring cell search (within SMTC), if any
- Sleep

The following adaption mechanism of RRM measurement activities for UE power saving:

gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,

- mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not
reselected due to the ping-pong effect, the number of handovers for certain period, etc.)

- channel condition (e.g. change in serving RS/signal)

gNB controlled RRM measurement operation without UE assistance information reported to gNB based on
certain conditions, e.g.,

- Doppler estimation for RRC CONNECTED states

- cell type (e.g., small cell/macro cell)

gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,
- signal measurements (e.g., RSRP)

- UE mobility state (e.g., low/medium/high mobility)

- UE location in the cell (e.g., cell-center/cell-edge)

- S-measure enhancement (e.g. S-measure for SCell, CSI-RS)

Other mechanisms/approaches are not precluded

5.3.1 Adapting/Relaxing RRM measurement in time domain

It is observed that the following

- For certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of
RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be
relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.

- For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g.,
measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC
IDLE/INACTIVE/CONNECTED states.

For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE
power saving in time domain, including impact on mobility performance

- Increasing measurement period

- Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC
window)
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Confining RRM measurements within a measurement window and increasing the periodicity of the
measurement window for intra frequency and/or inter frequency measurement

Other approaches are not precluded

Note: this does not necessarily mean that the techniques studied will have spec impact

For UE autonomous RRM measurement adaptation in time domain with gNB controlled threshold, the following
thresholds and corresponding adaptation schemes can be considered,

A RSRP threshold for UE adapting RRM measurement period,
A RSRP threshold for UE adapting RRM number of samples within a measurement period,

A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt
the measurement or report period

A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or
report period

A threshold for UE adapting RRM measurement period and the threshold can be at least one of the
followings,

- The amount of time during which the UE stays with a specific cell or beam (for RRM measurement)
- UE's active TCI state for PDCCH does not change for specific time period.
- The number of handovers/reselections for certain period.

A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the
SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources.

Table 13: Evaluation of relaxed RRM measurement in time-domain

Source

Huawei
[88]

5
0 @ @ 3 4 § (6) ] ()] 9) (10)
(3) RRC Idle/RRC Inactive (i) or RRC Connected (c)
(4)Measurement period [ms]
(0) Power saving schemes description (5)number of samples(e.g., SSB bursts) in each MP
(1) Average power consumption (6) UE speed and channel model Note
(2) Power reduction compared to baseline [%)] (7) system impact, e.g., overhead
(8) Performance impact
(9)Additional assumption, e.g., PO and SSB offset,
If the RSRP of the DRX cycle 27.9% IDLE - 1 3km | - Little The periodicity of SSB is FR1
serving cell is less than length = 0.32s (N=4) h impact on 20ms, and the gap length 8 neighboring cells for
X, the MPs of serving 7.22(baseli and RSRP between PO and SSB are intra-frequency
cell and neighbour cells -22(baseline) 32.5% 30k accuracy randomly distributed measurement; 8
are according to RAN4's | 5.21(N=4) (N=8) m/h which can neighboring cells in each
requirement; otherwise 4.87(N=8) NL be seen in layer for inter-frequency
the MPs are N times of DRX cycle 24.75% IDLE - 1 os - Fig. Lin measurement and totally 3
RANA4's requirement. length = 0.64s _ 88 layers.
g - (N=4) [88]. .
4.11(baseline) Cell search is performed
: 28.6 RSRP every three
3.11(N=4) (N=8) aift measurements.
2.94(N=8) difference Group paging rate is 10%,
DRX cvcl o IDLE - 1 - increases, and paging rate is 0%
cycle 19.7% which can paging 1s 0%.
length = 1.28s (N=4) be seen in 1 SSI_S burst set with 2
2.56(baseline) Fio. 21 SSB is used for loop
- 23.0% Slg n convergence, with
2.05(N=4) (N=8) (88]. periodicity of max (160ms,
1.97(N=8) DRX cycle).
DRX cycle 14.2% IDLE | - 1 -
length = 2.56s (N=4)
1.78(baseline) 16.5%
1.53(N=4) (N=8)
1.48(N=8)
DRX cycle 34.0% IDLE | - 1 3km | -
length = 0.32s (N=4) /h
3.35(baseline) 397 ggs
2.21(N=4) (N=8) mh
2.02(N=8) LO
DRX cycle 26.2% | IDLE | - 11s -
length = 0.64s (N=4)
2.17(baseline) 30.6%
1.60(N=4) (N=8)
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1.51(N=8)
DRX cycle 17.9% IDLE | - 1 -
length = 1.28s (N=4)
1.59(baseline) 20.9%
1.30(N=4) (N=8)
1.25(N=8)
DRX cycle 11.0% IDLE | - 1 -
length = 2.56s (N=4)
1.29(baseline) 12.8%
1.15(N=4) (N=8)
1.13(N=8)
Only SSB is used for Idle The power saving gain is
RRM . average gain of [0-10] ms
Baselin Low SSBICSI-RS and PO offset. | FR1
4.17 el 320 2 addii | g’
itional assumptions:
(2 samples per DRX 1. The duratior?of
-Cr);fle) ber of \dle SSB/CSI-RS measurement
© numoer o occasion per paging cycle is
measurement samples 2me
is reduced to 1 per 2.84 31.9% 320 |1 Low 2. Periodicity of SSB is
ptagtlngMcyc emn! et_ 20ms and SSB is transmitted
state. Measurerment is in the 1st slot of each 20ms
still based on SSB period
The_ m_e?su_rement Idle 3.  Periodicity of CSI-RS is
periodicity is extended 10ms and CSI-RS is
1 0,
to 2 paging cycle, 2 | 3.02 27.6% 640 2 Low transmitted in the 6th slot of
measur«_amentsI sample each radio frame.
Per paging cycle. 4.  Paging cycle (DRX
Only SSB is used for Idle cycle) is 320ms, and the
RRM Baselin paging is monitored in one FR2
2.97 e2 320 2 Low slot in first 2 radio frames of
(2 samples per DRX each paging cycle by
cycle) different UEs with equal
The number of Idle TDL RSRP probability (random paging
Source measurement samples € ﬁﬁ;;gcgre occasion).
is reduced to 1 per o 3km N 5. Assuming no cell
Vivo paging cycle in idle 2173 26.8% 320 1 /h Low captured in | reselection. Thus no SIBL
[89] state. Measurement is 30k _Flggsr)e 23 energy consumption is
still based on SSB mrh in [89] included.
The measurement Idle 6.  Assuming no additional
periodicity is extended resource for AGC tuning.
to 2 paging cycle, 2 211 29% 640 2 Low The slot duration is based on
measurements sample 30 kHz SCS for FR1 and
per paging cycle. 120kHz for FR2.
40.45 Baselin | con | 200 |5 Low FR1,
Reduce RRM el 200 ms measurement
measurement in RRC 35.80 11.5% Con 400 5 Low L BRXCyele = 160 Ezggl(i‘nlg considered as the
connected state. ong ycle = ms, .
with short DRX Con onDurationTimer = 8ms, DRX InactivityTimer =
Inactivity Timer 31.38 22.4% 800 5 Low data_rate=300Mbps 40ms
73.65 Baselin | Con 200 5 Low FTP Model 3, packet size FR1,
Reduce RRM i e2 =0.5MByte 200 ms measurement
measurement in RRC 69.98 5.2% Con 400 5 Low period is considered as the
connected state. Con Periodic activities is not baseline.
With long DRX modeled, e.g., AGC )
InactivityTimer 69.15 6.2% 800 5 Low ?(}):gr(n?acuvnyT.mer =
Source Con Nea CDRX-cycle=40ms
UE adapts the r
MediaT measurgment period to 30k | negl DRX-on=4ms Periodic activities, e.g.
ek be 2 times default o m/, | igibl time/frequency, channel or
[90] measurement period 2(253240 E‘RI e, SMTC window=2ms beam tracking, and loop
i i ' convergence, are
;VQSTLPCGHSSRE Isb t 23-2§ ggagglme % RRM 20074 a gir:rl1y ?;Pg(t’;ef . perforrr?ed every 160ms
i hstter t||5;1r:~.¢t:| 461 e accordi-ng to measur 00/80 5 with ple 2.08% > SMTC period=20ms, during the SMTC window.
neighbor cel 8 -
umlgs default Table ) e”?e”‘ 0 200 com 2.81% Periodic activities will align
iod S m pari Light sleep time for Case with RRM measurement if
Mmeasurement perio saved) ISD 2=8ms ossible
when PCell RSRP is son P! .
4dB better than the best Is
neighbour cell geg FR1
e
UE adapts the Con
measurement period to CDRX-cycle=40ms
be 2 times default Nea
iod r
VTE::L:;EE?ESPSSOS 30k negl DRX-on=4ms Periodic activities, e.g.
2dB better than the best o m/, | igibl time/frequency, channel or
neighbor cell and 4 1(370320 :LSJLl:/I e, SMTC window=2ms beam tracking, and loop
i i ' hi convergence, are
e et jod 29.1}55 éléagg e % RRM 200/4 a gir:Tl]y f;rgc;;er " perforn?ed every 160ms
mﬁastggmltlergspsgq accordi-ng to measur 00/80 | 5 with | ple 2.08% > SMTC period=20ms, during the SMTC window.
i 5 .
2B bettor than the best Table Il) ement 0 200 | com | 2.43% Periodic activities will align
neighbour cell. UE S d) m pari Light sleep time for Case with RRM measurement if
: save Iy :
keeps default ISD | son 2=8ms possible.
measurement period is
when the variation nee FR1
between two serving cell ded
RSRP measurements is
larger than 0.3dB.
17.97% | Con 120 Nea Periodic activities, e.g.
UE adapts the _ ,e.g
measuerent period to 29.49 (baseline (46.76 200/4 km/ | r handover CDRX-cycle=40ms time/frequency, channel or
be 2 times default is 35.95 % RRM 00/80 | 2 h, negl | fail rate beam tracking, and loop
measurement period according to measur 0 3D igibl | 9.03% > DRX-on=4ms convergence, are
when PCell RSRP is Table I1) ement um e, 10.07% performed every 160ms
2dB better than the best a only during the SMTC window.
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neighbor cell and 4 is with sim SMTC window=2ms Periodic activities will align
times default saved) 500 ple with RRM measurement if
measurement period m com SMTC period=20ms, possible.
when PCell RSRP is ISD pari
4dB better than the best son . )
neighbour cell is Light sleep time for Case

nee 2=8ms
ded
FR1
UE adapts the Con
measurement period to -
be 2 times defgult Nea CDRX-cycle=40ms
measurement period 120 r o L
when PCell RSRP is km/ negl DRX-on=4ms Periodic activities, e.g.
2dB better than the best 14.38% h, igibl time/freque_ncy, channel or
neighbor cell and 4 ) (37.38 3D e SMTC window=2ms beam tracking, and loop
times default 30.78 (baseline % R.RM 200/4 UM only handover convergence, are
i i X 0 i fail rate ) erformed every 160ms
measurement perlqd s 35. 95 measur 00/80 2 a sim SMTC period=20ms, pert Y LS
when PCell RSRP is according to ement 0 with ple 9.03% > during the SMTC window.
4dB better than the best Table I1) i 500 com 9.59% . . Periodic activities will align
neighbour cell. UE saved) m pari Light sleep time for Case with RRM measurement if
keeps default 1Isp | son 2=8ms possible.
measurement period is
when the variation nee FR1
between two serving cell ded
RSRP measurements is
larger than 1dB.
Source UE performs 5 30.24 baselin | Con 200 5 3km | - - DRX-cycle=40ms, DRX-
4 measurement in one € /h Fulfilling on=4ms,
CATT measurement period. the RSRP SMTC period = 20ms
[91] accuracy
requireme
UE reduces the number 27 10.71% | Con 200 3 3km | - ntin RAN4 | DRX-cycle=40ms, DRX-
of measurement /h RSRP on=4ms,
samples in one accuracy SMTC period = 20ms
measurement period impact are
from 5to 3. captured in
UE performs 5 10.08 , Con 800 5 - [91] DRX-cycle=160ms, ~ DRX-
measurement in one baselin on=8ms,
measurement period. € SMTC period = 20ms
UE reduces the number 9.55 5.26% Con 800 3 - DRX-cycle=160ms, DRx- | Relaxing samples in MP
of measurement on=8ms,
samples in one SMTC period = 20ms
measurement period
from 5 to 3.
UE performs 5 5.88 baselin | Con 1600 | 5 - DRX-cycle=320ms, ~ DRX-
measurement in one e on=10ms,
measurement period. SMTC period = 20ms
UE reduces the number 5.35 2.57% Con 1600 3 - DRX-cycle=320ms,  DRX-
of measurement on=10ms,
samples in one SMTC period = 20ms
measurement period
from5to 3.
The measurement 115 baselin | RRC | 800 5 - - DRX-cycle=160ms, ~ DRX-
period is 800ms. € Conn on=8ms, SMTC period =
ected 40ms
0, - -
The_ measurement 10.13 11.91% (R:c'?rﬁ'l 1600 5 DR_X-cycIe—lGOms, ) DRX_- Relaxing measurement
period is extended from on=8ms, SMTC period = iod
800ms to 1600ms ected 40ms perio
The measurement 9.45 17.83% | RRC | 3200 | 5 - DRX-cycle=160ms,  DRX-
period is extended from Conn on=8ms, SMTC period =
800ms to 3200ms ected 40ms
Source Reduced number of 32.28 24% Conn 80 2/ N/A Non | -
5 samples per sl €
Sony[93 measurement period ot Baseline power is 42.4
] Reduced number of 27.21 36% Conn 160 2/ N/A non - units
samples per sl e
measurement period ot
Source Normal case 31 baselin | Conn 320 5 3km FR1
e /h
EOCOM Relaxed RRM in time 26.63 141% | Conn | 640 5 FR1 C-DRX cycle = 40ms,
[94] domain 2575 169% | Conn | 800 | 5 FRL C-DRX on duration = 4ms
3km/h pedestrian,
24.44 212% | Conn | 1280 | 5 FR1 PDCCH-only monitoring
27 22.6% Conn 1600 3 — during active time
23.34 247% | Conn | 2560 | 5 FR1
Source L=1,R=1/2 baselin Idle/I 1280 2 stati FR1
7 2.06 e nactiv ona The considered adaptation
Qualco . e 1280 2 ry skips the measurement in
- 2.04 0.71% one or more I-DRX cycles
[96] baselin 1280 2 FR1 which is defined by
L=4,R=1/2 211 € variable R (e.g., R = 1/2
! 1280 2 means RRM measurement
2.07 1.85%
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L=8R=12 1280 2 FR1 is skipped once every 2
b DRXS).
L denotes the number of
SSBs in a SSB set
Notes:
219 (3) I-DRX/paging cycle
- 1280 2 (4) The number of SSB
211 3.57% burst sets are used for
- T RRM and AGC/T-F
L=1,R=1/4 206 baseelln 1280 | 2 FR1 tracking loops
1280 2 (5) UE speed (km/h) or
2.04 1.07% stationary
L=4,R=1/4 211 baselin 1280 2 ER1
. e
1280 2
2.05 2.78%
L=8 R=1/4 210 baselin 1280 2 ER1
. e
1280 2
2.07 5.36%
L=1,R=1/2 248 baselin 1280 3 ER1
. e
1280 3
2.47 0.59%
L=4,R=1/2 253 baselin 1280 3 FR1
. e
1280 3
2.49 1.54%
L=8 R=1/2 061 baselin 1280 3 FR1
. e
1280 3
2.53 3.00%
L=1,R=1/4 048 baselin 1280 3 ER1
. e
1280 3
2.46 0.89%
L=4,R=1/4 253 baselin 1280 3 FR1
. e
1280 3
247 2.32%
L=8 R=1/4 b 61 baselin 1280 3 ER1
. e
1280 3
2.49 4.49%
Source baselin Conn DRX:160-40-10
8 ZTE The measurement 20.28 e ect 800 5 N/A N/A N/A (cycle-inactivity timer-ON
period is 800ms. duration)
falen The measurement 18.78 74% | OO0 | 1600 | 5 | NA | NA N/A ;gz‘;‘d) U(0, measurement
period is extended from
800ms to 1600ms
C
3
The measurement 18.03 11.1% N N N/
period is extended from 5
800ms to 3200ms Cell number to be
measurement is 8.
baselin Conn
The measurement 31.15 e ect 200 5 | NA | NA N/A DRX:40-10-4
period is 200ms. (cycle-inactivity
e timer-ON
The measurement 25.61 17.8% oM 400 | 5 | NA | NA N/A duration)
period is extended from ect
offset: U(O,
200ms to 400ms
Conn measure
The measurement 22.85 26.6% 800 5 | NA | NA N/A ment
period is extended from ect period)
200ms to 800ms
The offset between baseli Idle/l DRX cycle is 320
SMTC window and DRX 6.53 S | nactiv | 320 | 1 | NA | NA N/A %’gf’ Ifov/ ms
ON duration is subject to e I °
uniform distribution U(0,
measurement period).
Idle/I .
The offset between 5.65 135% | nactiv | 320 | 1 | NA | N/A N/A DRX cycleis 320ms
SMTC window and DRX e , PO: 10%
ON duration is 0
The offset between . Idle/l i
SMTC window and DRX 2.42 baselin | nacty | 1280 | 1 | nA | nA NIA DRX cycle is 1280ms
ON duration is subject to € e , PO: 10% Cell number to be
uniform distribution U(0, measurement is 8.
measurement period).
Idle/I .
The offset between 2.19 95% | nactv | 1280 | 1 | nA | wA N/A DRX cycle is 1280ms
SMTC window and DRX e , PO: 10%
ON duration is 0
DRX:160-40-10
The offset between baseli c (cycle-inactivity timer-ON
SMTC window and DRX 20.28 aselin o | goo | 5 | NIA | NA N/A duration)
ON duration is subject to € ect Baseline offset: U(0,
uniform dlstnbullon_ u(o, measurement period)
measurement period).

3GPP




Release 16

45

ATIS.3GPP.38.840.V1600

The offset between
SMTC window and DRX
ON duration is 0

18.83

Conn

7.1%
ect

800 5

N/A N/A

N/A

DRX:160-40-10
(cycle-inactivity timer-ON
duration)
Baseline offset: U(O,
measurement period)

Source System level evaluation
9 of the impact of
increasing measurement

Nokia period.

No power consumption

[97] !
analysis.

c (a) 5
200m sa

s
(b) pl
400m es

S
©
800m

3 N/A

Handover
failure rate
(%)

(@ O

() 0

(c) 026
(d) 0,14
(&) 049

(d)
1600
ms
()
3200

30 N/A
km/

Handover
failure rate
(%)

(@ O

(b) 0,08
(c) 041
(d) 1,57
(e) 11,33

60 N/A
km/

Handover
failure rate
(%)

(@ O

(b) 0,33
(¢) 1,00
(d) 3,68
() 25,89

120
km/

N/A

Handover
failure rate
(%)

(8 017
(b) 0,86
(c) 314
(d) 15,59
(e) 56,74

System level assumptions
given in[97]
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[88]
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(3) CDL-C RSRP
accuracy at 3 km/hr
[88]

(1) L1 RSRP
accuracy at 3 km/hr RSRP accuracy at

[89]

T
deka RSAP(4E)

(2) L3 filtered

3 km/hr[89]

delta RSRP (dB)

km/hr [91]

delta RSRP (dB)

(4) CDL-C RSRP
accuracy at 30 km/hr
(88]

(1) RSRP accuracy at 3 (2) RSRP accuracy at 30

km/hr[91]

For adapting/relaxing RRM measurement in time domain, the followings are observed from simulation results,

- For RRC CONNECTED state,

- Among the results, 11.1% - 26.6% power saving gain is shown for extending measurement period 4 times,
and 7.4% - 17.8% power saving gain is shown for extending measurement period 2 times, comparing with
the baseline assumption.

- For RRC IDLE/INACTIVE state,
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measurement and periodic activities. When measurement is performed once every 4 paging cycles, the gain is
17.9%-19.7% (one SSB burst set for measurement and periodic activities), 0.89%-5.36% (two or three SSB
burst sets for measurement and periodic activities).

- While at the same time, for stationary or low mobility case, the mobility performance impact of increasing
measurement period (e.g., handover failure rate, RSRP difference between two adjacent samples) is shown as

follow,

- The handover failure rate for RRC CONNECTED state is

with 4 times relaxing the measurement period, changed as follows:

- 0% -> 0.26% for 3km/h, 0% ->0.41% and 2.08% ->2.81% for 30km/h, 0% ->1% for 60km/h, 0.17% -
>3.14% and 9.03% -> 10.07% for 120km/h

- with 16 times relaxing the measurement period, changed as follows:

- 0% -> 0.5% for 3km/h, 0% -> 11.33% for 30km/h, 0% -> 25.89% for 60km/h, 0.17% -> 56.74% for

120km/h

- the (5%-tile, 95%-tile) of the RSRP measurement error is within the range of (-4dB, 4dB) .

- Itis shown that relaxing the number of samples within measurement period provides 2.57% - 36% power saving
gain for RRC CONNECTED. For stationary or low mobility case, 1 source results show the (5%-tile, 95%-tile)
of the RSRP measurement error is within the range of (-2dB, 3dB) for both 3km/h and 30km/h .

UE mobility/handover model and mobility performance metric follows TR36.839, where the handover is initiated based

on an A3 RSRP measurement event (A3 event is also the major event for handover triggering from practical
deployment) with detailed simulation model in [103].

For RRM measurement relaxation for all UEs in a cell, it is observed that:

- For 3km/h UE speed, relaxing the measurement period by 4 times, i.e. from 200ms to 800ms, impact on
handover failure rate is negligible (i.e.,<=0.043% handover failure rate).

- For 30km/h or higher UE speed, relaxing the measurement period by 4 times, i.e. from 200ms to 800ms, impact
on handover failure rate is non-negligible.

- For UE speed not higher than 30km/h, the impact of L1 measurement samples on handover failure rate is

negligible (i.e., <=0.120% handover failure rate).

Table 13-1: Handover failure rate with different measurement periods (5 samples during one
measurement period) for RRM measurement relaxation for all UEs in a cell

UE speed 3km/h UE speed 30km/h UE speed 60km/h
L3 Period(ms) 200 400 800 200 400 800 200 400 800
Timer-to-trigger: Oms 0.000% 0.043% 0.043% 0.013% 0.135% 3.019% 0.052% 2.117% 15.840%
Timer-to-trigger:
320ms 0.000% 0.043% 0.043% 0.069% 0.334% 5.135% 0.375% 4.823% 21.461%
Timer-to-trigger:
640ms 0.043% 0.043% 0.043% 0.114% 0.755% 1777% 1.519% 9.190% 27.117%

Table 13-2: Handover failure rate with different measurement L1 samples and same L3 period

(measurement period is 200ms) for RRM measurement relaxation for all UEs in a cell

UE speed 3km/h UE speed 30km/h UE speed 60km/h
Samples in 200ms of 5 2 1 5 2 1 5 2 1
L3 Period (La1: (L1: (L1: (L1: (L1: (L1: (L1: (L1: (L1:
40ms) 100ms) 200ms) 40ms) 100ms) 200ms) 40ms) 100ms) 200ms)
Timer-to-trigger: Oms 0.000% 0.000% 0.000% 0.013% 0.019% 0.019% 0.052% 0.057% 0.036%
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Timer-to-trigger:

320ms 0.000% 0.000% 0.000% 0.069% 0.069% 0.050% 0.375% 0.318% 0.268%
Timer-to-trigger:

640ms 0.000% 0.000% 0.000% 0.114% 0.120% 0.120% 1.519% 1.413% 1.069%

For RRM measurement relaxation for partial UEs in a cell based on configurable relaxation conditions, e.g. RSRP
threshold, it is observed that:

- For stationary or low speed UE, i.e. no more than 3km/h, relaxing the measurement period 4 times, i.e. from
200ms to 800ms, has no impact on mobility performance.

- For 30km/h UE speed, RRM measurement relaxation for partial UEs in a cell based on RSRP can achieve much
lower handover failure rate (i.e., <=0.140% for 400ms measurement period, and <=0.654% for 800ms
measurement period) than RRM measurement relaxation for all UEs in a cell, when the RSRP threshold is set to
be 50% point of CDF curve for all UES' serving cell RSRP.

- If the RSRP threshold is set to be an even higher value, e.g., 80% point of CDF curve for all UEs' serving cell
RSRP, or set to be the threshold of S-measure, the handover failure rate is expected to be more negligible and
even near to 0.

At least RRM measurement relaxation for partial UEs in a cell based on configurable relaxation conditions, e.g. RSRP
threshold, needs to be further considered.

Table 13-3: Handover failure rate comparison between RRM measurement relaxation for all UEs in a
cell and RRM measurement relaxation for partial UEs in a cell based on RSRP

UE speed 30km/h
L3 period = 400ms L3 period = 800ms

TTT=0ms TTT=320ms TTT=640ms TTT=0ms TTT=320ms TTT=640ms
RRM relaxation for all 0.135% 0.334% 0.755% 3.019% 5.135% 1.777%
UEsinacell
RRM relaxation for
partial UEs in a cell
based on RSRP 0.019% 0.082% 0.140% 0.206% 0.387% 0.654%

For stationary or low speed UE, i.e. no more than 3km/h, relaxing the measurement period 4 times, i.e. from 200ms to
800ms for all UEs in a cell, should be supported. The RRM measurement relaxation criteria based on the measurment of
serving cell quality can be further considered, e.g. when the measurement results is higher than a threshold, the RRM
measurement relaxation can be appled.

5.3.2  Adapting/Relaxing intra-frequency measurements
It is observed that the following mechanisms can be beneficial in achieving the UE power saving,
- Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving,

- Assuming that UE can limit the processing for measurement within a constrained time period and/or with
reduced complexity.

- Assuming number of neighbouring cells to be measured is reduced.

- For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be
beneficial.

Table 14: Evaluation of adapting/relaxing intra-frequency measurements

©) @ © ®) ‘ @) ‘ (5) ‘ (6) ‘ @ ‘ ® ‘ 9) (10)

(3) RRC Idle/RRC Inactive (i) or RRC Connected (c)
(4)Measurement period [ms]

(0) Power saving schemes description (5)number of samples(e.g., SSB bursts) in each MP
(1) Average power consumption (6) UE speed and channel model Note
(2) Power reduction compared to baseline [%] (7) system impact, e.g., overhead

(8) Performance impact
(9)Additional assumption, e.g., PO and SSB offset,
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Source
1
Huawei
[88]

Intra-cell M=821860(1.6463 Additio possible FR1 30kHz
measurement: 5) ( | 1 nal mobility
With full cell signalli | impact Sync
search, the N(a)=763360(L.52 ng
measured cell 917) overhe
number can be ad from
reduced from 8 to N(b)= networ
4. The power can iy k
be reduced from 604630(1.2112)
MtoN.Mis
taken as (
baseline. The
power in the
bracket is power
unit per
millisecond.
FR2
- (2)6.80 IDLE 1280 possible ER1 30kHz
o -
860860(L.72448) % mability Async DRX cycle length =
(b)27.9 impact .
N(a)= 506 1.28s; Total considered
802360(1.60729) time is 390 DRX cycle,
N(b)= i.e., 499.2s;
620230(1.24245) the gap length between
M=822055(1.6467 (a)7.12 IDLE 1280 possible FR1 60kHz PO and SSB is
4) % mobility Sync assumed as 0;
N(a)= 52)26-4 impact Cell search is performed
763555(1.52956) ° every three
N(b)= measurements.
604825(1.21159) Group paging rate is
M= (a)6.79 IDLE 1280 possible FR1 60kHz 10%, and paging rate is
861055(1.72487) % mobility Async 0%.
N(a)= 22)27-9 impact 1 SSB burst set with
802555(1.60768) | * convergence. wi
N(b)= periodigity of max
620425(1.24284) T oE 5 - (160ms, DRX cycle).
1,\/1:997555(1.9983 5/6;) - &Oosbsi'm ye FR2 60kHz (a) measurement
) (0)32.3 impact Sync durat!on =SMTC
N(a)= 3% duration(5ms)
939055(1.88112) (b) measurement
N(b)= duration = 2ms )
675025(1.35221) randoml)_/ located in
M= (@525 | IDLE | 1280 possible FR2 60kHZ SMTC window
1114555(2.23268) ‘(’/b°)35 ) _mOb"'iy
. impact
N(a)= % P
1056055(2.11569)
N(b)=
721825(1.44596)
M=997652.5(1.998 (a)5.86 IDLE 1280 possible FR2 120kHz
5) R % mobility s
B (b)32.3 impact yne
N(a)= 3%
939152.5(1.88132)
N(b)=
675122.5(1.35241)
M= (a)5.25 IDLE 1280 possible ER2 120kHz
1114653(2.23288) ‘(’/b°)35 ) m%tz'c'iy
N(@)= 3%
1056153(2.11569)
N(b)=
721922.5(1.44616)
Intra-cell M=938860(1.8807 18.69% IDLE 1280 poss_iple FR1 30kHz
measurement: 3) mobility Sync
With full cell _ impact
search, the N=763360(1.52917
measured cell
_ IDLE 12 ibl
number can be M= 17.95% 80 &Oszsillﬁ e FR1 30kHz DRX cycle length =
reduced from 16 977860(1.95885) ! Y Async 1.28s: Total considered
to 4. The power N= impact time i$ 390 DRX cycle,
can be reduced 802360(1.60729) i.e., 499.2s;
from Mto N. Miis M=939055(1.8811 18.69% | IDLE 1280 possible ER1 60kHz measurement duration =
taken as 2) mobility SMTC duration(5ms)
baseline. The : Sync
power in the = impact the gap length between
bracket is power 763555(1.52956) PO and SSB |§
unit per M= 17.94% | IDLE 1280 possible FR1 60kHz assumed as0;
millisecond. 978055(1.95924) mobility Async Cell search is performed
N= impact every three
FR1 N measurements.
802555(1.60768 . .
_ ) % | IDLE | 1280 possible " Group paging rate is
g/ls—)1114555(2.235 15.75% mobility FR2 60kHz 10%, and paging rate is
e impact Sync 0%.
iy 1 SSB burst set with
939055(1.88112) 2SSB is used for loop
M= 14.25% | IDLE 1280 possible FR2 60kHz convergence, with
1231555(2.46706) _mOb'"tty Async periodicity of max
_ impac (160ms, DRX cycle).
N= ,
1056055(2.11569)
M=1114652.5(2.23 | 15.75% | IDLE 1280 POSbS,ile'ye FR2 120kHz
288 mobilr
) impact Sync
N=939152.5
(1.88132)
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M= 1 \ 1 1 possible FR2 120kHz
1231652.5(2.46725 . mobility
) impact
N=
1056153(2.11569)
IDLE The
measurement
Energy for full Baselin duration in
measurement (8 4597 o1 320 2 - No Low SMTC is 2ms
cells)
Reduce IDLE
neighbour cell The FR1,
measurement( 4.229 8% 320 2 - No Low measurement Cell search is assumed
SCSis 30 kHz, duration in to be performed in 1/3 of
Synchronous SMTC is 2ms the SMTC measurement
case, 4 cells) occasions.
Reduce IDLE The
neighbour cell measurement
measurement( duration in
SCSis 30 kHz, 4.474 37.54% 320 2 - No Low SMTC duration
Asynchronous is 2ms and 4ms
case, 4 cells) for 4 cells and 8
cells.
IDLE The
Source Energy for full meas_urement
> measurement (8 Baselin duration in
) cells) 7.77 &2 320 2 - No Low SMTC is 2ms
Vivo
[89] FR2,
Cell search is assumed
Reduce IDLE to be performed in 1/3 of
neighbour cell The the SMTC measurement
measuremen( measurement occasions.
SCS is 30 kHz, 7.02 9.6% 320 2 - No Low duration in
Synchronous SMTC is 4ms
case, 4 cells)
Additional Baselin IDLE
threshold is - e3 320 2 - No Low
considered to IDLE System level analysis.
reduce the_ All the UEs in the cell is
number of intra- considered and there
frequency @ o 1S are 70% UEs which can
measurements around 410~ | actually reduce the
based on S- } 18% 320 2 - No Low 102dBm. when number of cells from
measures Siasearchp =~ more than 8 cells to 4
enhancement. 90.5dB cells, in dense urban
Details in section ) . single layer.
4.2[89]
The number_to be DRX cycle is
measured is 8, 320ms
and UE performs The SMTC duration is
) : PO: 10%
intra-frequency 653 baselin Idle 320 1 N/A N/A N/A 6 s
measurement for e Offset : U(0,
each DRX cycle. measurement
period)
The measured
cell number is 8,
but UE carries
outintra DRX cycle is
frequency 320ms o
measurement \dle 320 1 N/A N/A N/A PO: 10% The SMTC duration is
every four DRX 6.22 4.7% 2ms
cycles, and only Offset : U(0,
serving cell measurement
measurement is period)
performed for the
rest of the cycle.
Source DRX cycle is
3ZTE There are only 320ms -
serving cell to be dle 320 1| NnAa | NA N/A PO: 10% The SMggrﬂira"O” is
[92][61] measured. 566 13.3% Offset : U(O, :
measurement
period)
DRX:160-40-10
(cycle-inactivity
The number to be Conn timer-ON The SMTC duration is
measured is 8 20.28 baselin ect 800 5 NIA NIA NIA duration) 2ms
€ offset : U(0,
measurement
period)
DRX:160-40-10
(cycle-inactivity
Reduce the - .-
t -ON
measurement cell Conn 800 5 N/A N/A N/A cIJT;rtion) The SMTZC duration is
from 8 10 4 1901 1.8% ect ms
offset : U(O,
measurement
period)
Reduce the DRX:160-40-10 i
measurement cell Cé):tn 800 5 N/A N/A N/A (cycle-inactivity The SMg%ﬁ:raﬂmn is
from 8to 1 18.59 8.3% timer-ON :
duration)

3GPP




Release 16 50 ATIS.3GPP.38.840.V1600

offset : U(O,
measurement
period)

DRX:40-10-4
(cycle-inactivity
The number to be Conn timer-ON The SMTC duration is

measured is 8 31.15 baselin ect 200 5 NIA NIA N/A duration) 2ms
e offset : U(O,
measurement
period)

DRX:40-10-4
(cycle-inactivity

Reduce the H A
Conn timer-ON The SMTC duration is
measurement cell 200 5 N/A N/A N/A duration) 2ms

from 8to 4 29.68 4.7% ect
offset : U(O,

measurement
period)

DRX:40-10-4
(cycle-inactivity
Conn timer-ON The SMTC duration is
213% ect 200 5 N/A N/A N/A duration) 0.5ms

offset : U(O,
measurement

period)

Reduce the
measurement cell
from8to 1 24.51

Observation:

- For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured
cells, the followings are observed from simulation results,

- By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1%
power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows
that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for
CONNECTED state.

- In additional to that, by also assuming that UE can limit the processing for measurement within a constrained
time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown.

- The corresponding performance impact was not reported and summarized
5.3.3 Power saving schemes for RRM measurements with additional
resource

While it is observed under certain conditions and deployment scenarios, additional resource for RRM measurement can
be beneficial for UE power saving, including at least the following aspects:

- Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging
monitoring occasion/reception, data reception, etc.)

- Additional resource around the measurement occasion, e.g., for AGC assistance

- Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F
accuracy.

The followings can be considered as the usage of additional resource for RRM measurement,
- CSI-RS, including TRS
- SSSonly
- SSB
- PSS, SSS and wake-up signaling/paging
- E.g., including transmitted in SFN (single frequency network) manner
- DMRS for RMSI PDCCH/PDSCH for standalone

- Additional new RS/signal (e.g, configuring additional RS next to SSB) in addition to existing RS/signal in Rel-
15

3GPP



Release 16 51 ATIS.3GPP.38.840.V1600
- Note: Existing structure/waveform of Rel-15 signals/channels is recommended to be studied for additional
resource

- Note: companies report the purpose of additional resource for RRM measurement, e.g., measurement, cell search
and etc.

RRC state(s) with the additional resource used for the RRM measurements,
- RRCIDLE
- RRCINACTIVE
- RRC CONNECTED

Table 15: Evaluation of additional resources for RRM power saving

(0 @ @ 3 4 (5) (6) (] (8) 9) (10)
(3) RRC Idle/RRC Inactive (i) or RRC Connected (c)
(0) Power saving schemes description Eg;MeazureTem P‘Tfiﬂ(d [mS]SSB bursts) i .
. number of samples(e.g., ursts) in eacl
(1) Average power consumption (6) UE speed and channel model Note
(2) Power reduction compared to baseline (7) system impact, e.g., overhead
[%] (8) Performance impact
(9)Additional assumption, e.g., PO and SSB offset,
Only SSB is used for TDoL-
RRM c The power saving
Baselin RRC 3km/ gain is average gain
417 e e | 320 |2 h Low of [0-10] ms SSB/CSI-
(2 samples per DRX R d PO off
cycle) 30km S and PO offset.
/h
The number of TDL- No
measurement samples c impac The power saving
is reduced to 1 per o RRC 3km/ gain is average gain
paging cycle in idle 284 | 3L9% | g | 820 |1 h Low }?fg’R of [0-10] ms SSB/CSI-
state. Measurement is 30km P RS and PO offset. FR1
still based on CSI-RS h
accur
The number of acy, )
measurement samples TDL- RSR The power saving
is reduced to 1 per c p gain is average gain
paging cycle in idle RRC 3km/ accur of [0-10] ms SSB/CSI-
state. Measurement is 2.72 34.8% dle 320 1 h Low acy RS and PO offset.
still based on either analy | The periodicity of CSI-
SSB or CSI-RS 30km sis in RS is assumed to be
Source | depending on which is /h [89] 10ms.
1 closer to PO in time.
vivo Only SSB is used for EDL_ )
e power savin
[89] RRM | - The p 9
Baselin RRC 3km gain is average gain
(2 samples per DRX 297 | o de | 320 |2 h Low of [0-10] ms SSB/CSI-
cycle) 30km RS and PO offset.
/h
The number of TDL-
measurement samples c No .
is reduced to 1 per impac The power saving
paging cycle in idle 2173 | 268% | RRC | 30 | 1 Skm | {ow | tfor | 9ainis average gain
state. Measurement is Idle h RsR | Of[0-10]ms SSBICSI- | )
still based on CSI-RS 30km P RS and PO offset.
/h accur
The number of acy, The power saving
measurement samples TDL- RSR gain is average gain
is reduced to 1 per c P of [0-10] ms SSBICSI-
paging cycle in idle ) RRC 3km/ accur | psand PO offset.
st_a\te. Measurement is 2.07 30.3% Idle 320 1 h Low acy The periodicity of CSI-
still based on either analy RS is assumed to be
SSB or CSI-RS 30km sisin | 10ms
depending on which is /h [89]
closer to PO in time.
1.634 Periodic activities, e.g. time/frequency,
(base channel or beam tracking, and loop
line is convergence, are performed every
2.089 o IDRX cycle during the SMTC window.
, syr:ib IDRX-cycle=1280ms Periodic activities will align with RRM
Source Using SSS-only signal \s/aglrjg One ol of E:RX on duration = measurement if possible.
2 as additional RS before | it | 2178 IDRX Gene | SSS mso
MediaT | SSB for paging ated % Idle cycle | 2 ral for SMTC window = 2ms The SSS-only signal can be
ek indication and RRM in (1280 SMT SMTC period =20ms multiplexed in a CDMed way to
[90] assistance. Appe ms) C accommodate more paging indications
ndix wind for different paging groups.
FR1
in ow
[90] For 20/40 ms SMTC (SSB) periodicity,
the additional SSS-only signal of
160ms periodicity introduces
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1.6%/3.3% overhead in terms of SSB
unit.

Normal RRM 12.2 baselin conn 800 - DRX-cycle=160ms, on-demand RS for RRM measurement
measurement according e ected DRX-on=8ms, is that UE could perform multiple RRM
to SMTC configuration SMTC= 80ms measurements (e.g. 5 measurements
on-demand RS 9.2 24.6% | conn | 800 - DRX-cycle=160ms, in a consecutive period) when UE is
assistant RRM ected DRX-0on=8ms, triggered to wake up at a given DRX-
measurement during SMTC= 80ms ON period. Then UE can do L1 filtering
Source DRX-on duration for multiple RRM measurements at one
3 DRX-ON period
CATT Normal RRM 66.34 | 0% conn | 800 - DRX-cycle=160ms,
[91] measurement according ected DRX-on=8ms, . .
to SMTC configuration Inactivity timer on-demand RS is introduced to assist
=100ms UE measurement during the data
_ transmission, UE would go to sleep
On»_demand RS 12.42 081.28 conn 800 - DRX-cyc_Ie—lGOms, after data reception, which can reduce
assistant RRM ) % ected DRXToln—Blms, a part of UE power consumption.
measurement during Inactivity timer
data transmission =100ms
L=1 2.06 Idle/I 1.28 statio FR1
nacti nary
ve
1.67 18.86
%
L=4 211 Idle/l 1.28 statio FR1
nacti nary
ve
1.67 20.74
%
L=8 2.19 Idle/I 1.28 statio FR1
nacti nary
ve
1.67 23.58
%
L=1 217 Idle/l 1 3 FR1
nacti
ve
1.68 22.36
%
L=4 2.21 Idle/I 1.28 3 FR1
nacti
ve
1.68 24.08
%
L=8 2.29 Idle/l 1.28 3 FR1
nacti
ve
1.68 26.66
%
L=1 2.17 Idle/! 1.28 30 FR1 Notes:
nacti .
ve - (3) I-DRX/paging cycle
Source 1.68 2267 - (4) The number of SSB burst sets
4 % are used for RRM and AGC/T-F
tracking loops
Qualco ) _y 2.22 idien | 1.28 30 FR1 g oop .
mm nacti - (5) UE speed (km/h) or stationary
[96] ve
1.68 24.37 L denotes the number of SSBs in a
% SSB set
L=8 2.30 Idle/I 1.28 30 FR1
nacti
ve
1.68 26.94
%
L=1 2.48 Idle/I 1.28 statio FR1
nacti nary
ve
1.67 32.66
%
L=4 2.53 Idle/I 1.28 statio FR1
nacti nary
ve
1.67 33.96
%
L=8 2.61 Idle/I 1.28 statio FR1
nacti nary
ve
1.67 35.94
%
L=1 2.59 Idle/I 1.28 3 FR1
nacti
ve
1.68 35.02
%
L=4 2.64 Idle/I 1.28 3 FR1
nacti
ve
1.68 36.22
%
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L=8 271 Idle/l 1.28 3 FR1
nacti
ve
1.68 38.06
%
L=1 2.60 Idle/I 1.28 30 FR1
nacti
ve
1.68 35.24
%
L=4 2.65 Idle/l 1.28 30 FR1
nacti
ve
1.68 36.43
%
L=8 2.72 Idle/I 1.28 30 FR1
nacti
ve
1.68 38.26
%
L=1 5.24 Idle/l 0.32 statio FR1
nacti nary
ve
3.68 29.67
%
L=4 5.43 Idle/I 0.32 statio FR1
nacti nary
ve
3.68 32.20
%
L=8 5.75 Idle/l 0.32 statio FR1
nacti nary
ve
3.68 35.89
%
L=1 5.66 Idle/I 0.32 3 FR1
nacti
ve
3.73 34.21
%
L=4 5.86 Idle/l 0.32 3 FR1
nacti
ve
3.73 36.40
%
L=8 6.17 Idle/I 0.32 3 FR1
nacti
ve
3.73 39.62
%
L=1 5.70 Idle/l 0.32 30 FR1
nacti
ve
3.73 34.61
%
L=4 5.89 Idle/I 0.32 30 FR1
nacti
ve
3.73 36.78
%
L=8 6.21 Idle/I 0.32 30 FR1
nacti
ve
3.73 39.96
%
L=1 6.93 Idle/I 0.32 statio FR1
nacti nary
ve
3.68 46.81
%
L=4 7.12 Idle/I 0.32 statio FR1
nacti nary
ve
3.68 48.27
%
L=8 7.43 Idle/I 0.32 statio FR1
nacti nary
ve
3.68 50.44
%
L=1 7.35 Idle/I 0.32 3 FR1
nacti
ve
3.73 49.31
%
L=4 7.55 Idle/l 0.32 3 FR1
nacti
ve
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3.73 50.63
%
L=8 7.86 Idle/I 0.32 3 3 FR1
nacti
ve
3.73 52.59
%
L=1 7.39 Idle/I 0.32 3 30 FR1
nacti
ve
3.73 49.55
%
L=4 7.58 Idle/I 0.32 3 30 FR1
nacti
ve
3.73 50.85
%
L=8 7.89 Idle/I 0.32 3 30 FR1
nacti
ve
3.73 52.80
%
CSI-RS for mobility, w/o 36.9 baselin Conn 40ms 16slots Statio the power model for
repetition (baseline) e ected nary CSI-RS for mobility
CSI-RS for mobility, 325 | 11.8% | Conn | 80ms | 16slots | Statio Refin | and the scaling rule
with 2 repetition ected nary ed Rx | With respect to the Repetition of CSI-RS for mobility in
beam number of CSI-RS FR2
. o - ) symbols in a slot are
C_SI-RS for n'_loblllty, 29.2 20.7% Conn 160m 16slots Statio Refin described in [96]
with 4 repetition ected s nary ed Rx
beam
UE performs AGC on 2826/ Idle 1280
previous SSB, 1280
measures on next SSB =
2.20
One additional SSB 2522/ 11.8 Idle 1280
sweep for AGC is 1280
provided 4 ms ahead of =1.97
the measured SSB
sweep
UE performs AGC on 3032/ Idle 1280
previous SSB, then 1280
gource monitors ON-duration =2.36
An additional on- 2918/ 3.8 Idle 1280
X demand RS for AGC 1280
Ericsso | purposes is provided 5 =2.28
n ms before the start of
ON-duration
(93] UE performs AGC on 3746/ idle | 1280
previous SSB, 1280
measures on next SSB, =2.93
followed by monitoring
ON-duration
One additional SSB 3442/ | 8.1 Idle 1280
sweep for AGC is 1280
provided 4 ms ahead of =2.69
the measured SSB
sweep, measures on
next SSB, followed by
monitoring  ON-duration
Observation:

5.34

For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving is
19%~38%. Analysis on network impact, higher-layer/PHY -layer signaling overhead and network energy
consumption is not provided. Two sources report 1.6% of SSB overhead for 160ms additional reference signals
periodicity assuming that SSB burst set periodicity is 20ms. If static UE specific signals (e.g., CSI-RS for
connected mode UES) can be reused as additional resource for RRM for RRC IDLE/INACTIVE, reference

signal overhead may not increase.

For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM in FR2,
the UE power saving is 11.8%~20.7% assuming that CSI-RS overhead of baseline is identical to CSI-RS
overhead with enhancement. The analysis on handover failure rate is not provided under the assumed overhead.
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Table 16: Evaluation of adapting/relaxing inter-frequency measurements

©) @ @ © | [C]lo o |e © | ao
(3) RRC Idle/RRC Inactive (i) or RRC Connected (c)
(4) Measurement period [ms]
(0) Power saving schemes description (5) number of samples(e.g., SSB bursts) in each MP
(1) Average power consumption (6) UE speed and channel model Note
(2) Power reduction compared to baseline [%)] (7) system impact, e.g., overhead
(8) Performance impact
(9) Additional assumption, e.g., PO and SSB offset,
Inter-frequency M(a)= 5.64948 (a) IDLE 1280 1 - Additi possibl FR1 30kHz
measurement: With full M(b)= 4.25573 35.28% onal e Sync
cell search in each N=3.65651 (b) signal mobility
layer, the measured 14.08% ling impact
frequency number can M(a)= 6.19635 (a) IDLE 1280 1 - overh possibl FR1 30kHz DRX cycle length = 1.28s;
be reduced from 6 to 3. M(b)= 4.56823 35.95% ead e Async Total considered time is 390
The power can be N= (3.96901) (b) from mobility DRX cycle, i.e., 499.2s;
reduced from M to N. M 13.12% netwo | impact measured duration in each
$htaken as _batshellne. M(a)= 5.64987 (a) IDLE 1280 1 E rk possibl FR1 60kHz layer equals to SMTC duration
€ power In the M(b)= 4.25612 35.28% e Sync = 5ms; switching time for FR1
br%pket isgower unitper | N= 3.6569 (b) mobility equals 0.5ms, fgr FR2 equals
millisecond. 14.08% impact 0.25ms; the gap length
(a) tckJ]taIIy |6nd|cdated layer M(a)= 6.19635 (a) IDLE 1280 1 - possibl FR1 60kHz between PO and SSB is
number= 6 and every M(b)= 4.56862 35.94% e Async assumed as 0;
Iay"er has 8 neighbor N=3.9694 (b) mobility 8 neighbor cells for intra-
cells. o 13.12% impact frequency measurement; 8
(b) totally indicated layer [\@)= 8.05065 (@) IDLE 1280 1 - possibl FR2 60kHz neighbor cells in each layer for
number= 6 and only 3 M(b)= 6.08815 37.54% e Sync inter-frequency measurement.
Ir?;/\zsng?g;r?goilragszs N=5.02878 (b) mobility Cell search is performed every
, 17.40% impact three measurements.
V,\\,/gregtf,f; E:L]hpﬁons M(a)= 9.69128 (@) IDLE 1280 1 - possibl | FR2 60kHz Group paging rate is 10%, and
: M(b)= 7.02565 38.44% e Async paging rate is 0%.
of the number of layers Ni %.96628 (b) mobility 4 1 SSB burst set with 2SSB is
may not t_)e aligned w!th 15.08% impact used for loop convergence,
the baseline assumption == =g "55085 @ DLE | 1280 | 1 | - possibl | FR2 120kHz | With periodicity of max (160ms,
M(b)=6.08835 37.54% e Sync DRX cycle);
N=5.02897 (b) mobility
17.4% impact
M(a)=9.69147 (a) IDLE 1280 1 - possibl | FR2 120kHz
M(b)=7.02585 38.44% e Async
N=5.96647 (b) mobility
15.08% impact
CSI-RS resource in the Number of configured 15.10% CON 200 5 3km/h - For
same frequency layer CSI-RS resources = 4 NEC NLOS baseline, all
Source 1 are configured in a 5.03(baseline) TED CSI-RS
Huawei measurement window. 4.27(concentrated CSI- resource are
[88] RS configuration) randomly
placed in the
time domain
(uniform
distribution)
Number of configured 37.97% CON 200 5 3km/h -
CSI-RS resources = 16 NEC NLOS
7.32(baseline) TED . .
4.54(concentrated CSI- UE is assumed to retune its RF
RS configuration) to target freque_ncy to perform
Number of configured 43.61% CON | 200 5 3km/h - CSI-RS based inter-frequency
CSI-RS resources = 32 NEC NLOS measurement once there is a
8.69(baseline) TED CSI-_RS_re_source_ to measure,
4.90(concentrated CSI- and it will immediately switch
N N RF back to its serving
RS configuration) frequency to continue Tx/Rx
Number of configured 41.92% CON 200 5 3km/h - unless there is no_enough time
ggzgisrgnsr?;)mes =48 "I\'IIIEE[(); NLOS (i.e. time interval between two
5.25(concentrated csi- CSI-RS resources is shorter
y ; : than 1ms).
RS configuration) Number of configured CSI-RS
Number of configured 37.46% CON 200 5 3km/h - resources are the allowed
CSI-RS resources = 64 NEC NLOS :

- maximum number of CSI-RS
8.97(baseline) TED resource for mobility
5.61(concentrated CSI-

RS configuration)
Number of configured 31.77% CON 200 5 3km/h -
CSI-RS resources = 80 NEC NLOS
8.75(baseline) TED
5.97(concentrated CSI-
RS configuration)
Number of configured 25.82% CON 200 5 3km/h -
CSI-RS resources = 96 NEC NLOS
8.52(baseline) TED
6.32(concentrated CSI-
RS configuration)
Reduced number of 58.4: 1 layer 21% Conn 40ms 2/ N/A See - Note: more non-gap resource
inter-freq layers 73.9: 2 layer sl note is available to UE with fewer
Source 2 measured (1 layer vs 2) ot measurement gaps
Sony Reduced number of 73.9: 2 layer 26% Conn 40 2/ N/A See - )
[93] inter-freq layers 99.6: 4 layer ms sl note Power consumption averaged
measured (2 layer vs 4) ot over DRX cycle and is also
applicable to full measurement
period
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Table 17: Evaluation of relaxed the number of measured beams by considering spatial information

aspects
5
(0) (€} (@) (©) 4) ) (6) @] () (9) (10)
(3) RRC Idle/RRC Inactive (i) or RRC Connected (c)
(4)Measurement period [ms]
(0) Power saving schemes description (5)number of samples(e.g., SSB bursts) in each MP
(1) Average power consumption (6) UE speed and channel model Note
(2) Power reduction compared to baseline [%)] (7) system impact, e.g., overhead
(8) Performance impact
(9)Additional assumption, e.g., PO and SSB offset,
Source 1 Adjacent directional A(baseline):7.86 48.7% IDLE DRX 1 - Deter The 1 SSB burst set with 64 SSBs
Huawei beams of each SSB B:4.03 cycle mine periodicity of is used for loop convergence in
[100] can be provided by lengt d by SSBis baseline and with averaged
gNB to reduce SSB = signal 20ms, and adjacent SSBs for loop
number of UE RRM 0.32s ing the gap convergence in optimal
measurement and loop A(baseline):4.43 43.2% IDLE DRX 1 - perio length schemes.
convergence. B:2.51 cycle dicity between PO
A: UE measures all the lengt and SSB are
beams = randomly
B: all the adjacent 0.64s distributed
beams and serving A(baseline):2.72 352% | IDLE | DRX | 1 | -
beam is used for RRM B: 1.76 cycle
measurement and loop lengt
convergence. h=
1.28
S
A(baseline):1.86 25.8% IDLE DRX 1 -
B:1.38 cycle
lengt
h=
2.56
S
A(baseline):5.67 28.9% IDLE DRX 1 - Deter The 1 SSB burst set with 32 SSBs
B:4.03 cycle mine periodicity of is used for loop convergence in
lengt d by SSBis baseline and with averaged
h= signal 20ms, and adjacent SSBs for loop
0.32s ing the gap convergence in optimal
A(baseline):3.34 24.6% IDLE DRX 1 - perio length schemes.
B:2.52 cycle dicity between PO
lengt and SSB are
h= randomly
0.64s distributed
A(baseline):2.17 18.9% IDLE DRX 1 -
B:1.76 cycle
lengt
1.28
S
A(baseline):1.58 12.9% IDLE DRX 1 -
B:1.38 cycle
lengt
2.56
S

Observation:

2 sources show that reducing the number of measured inter-frequency layers can provide 21~38% power saving gain for
RRC CONNECTED states, and 1 source shows 4%-35% power saving gain for RRC IDLE states by assuming reducing
inter-frequency layers from 6 to 3. The mobility performance impact is not provided.

6 Higher layer procedure for UE power saving

6.1 UE paging procedure based on power saving
signal/channel/procedure

The power saving signal/channel related paging is down-prioritized in the study.

Extending the DRX cycle length to 10.24s in idle and inactive mode will be considered. Increasing it above 10.24s will
not be studied.
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A power saving specific rule will be defined for DRX cycle determination in idle and inactive mode, in the presence of
different DRX cycle configurations (e.g. UE specific and default). It is FFS how it is enabled. The DRX cycles are
decided by the network based on UE preference indications. All enhancements are aiming at reusing existing
mechanism (e.g. eDRX).

More than one UE may monitor the same Paging Occasion (PO), which can cause false paging alarms in the UE, i.e.
when the UE receives a paging message on PDSCH, which is not intended for that UE, causing unnecessary power
consumption in the UE. False paging alarms also occur when the UE has changed cell since it was last paged, i.e. due to
mobility, where the network has to page the UE in more than one cell. However, there was no consensus to prioritize
this issue for RAN2.

6.2 UE power saving procedure in transition from
RRC_CONNECTED to RRC _IDLE/RRC_INACTIVE state

A mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state to the network is
beneficial to reduce UE's power consumption. And the corresponding signalling details and whether the UE provides
release assistance and/or state preference are to be defined.

6.3 Higher layer procedures for the UE power saving schemes
in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when
needed) for the proposed power saving schemes in Section 5.

6.3.1 Higher Layer procedure related to PDCCH-based power saving
signal/channel scheme for wake-up purpose (Section 5.1.4)

The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX i.e. it is
only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not
configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power
saving signal/channel scheme for wake-up purpose was studied for its adaptation to DRX operation (Section 5.1.4).

When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at
occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer
design.

The PDCCH-based power saving signal/channel for wake-up purpose can indicate the UE to monitor or skip the
PDCCH during the next occurrence of the drx-onDurationTimer. In the latter case, the UE does not start the drx-
onDurationTimer at its next occasion. From higher layer perspective, in order to minimize the rate of such PDCCH-
based power saving signal/channel transmission from the network, the preference is that the PDCCH-based power
saving signal/channel for wake-up purpose is used to indicate to the UE to wake up to monitor the PDCCH during the
next occurrence of the drx-onDurationTimer.

Except for the drx-onDurationTimer, the PDCCH-based power saving signal/channel for wake-up purpose has no
impact on other DRX timers and does not impact the Active Time due to other triggers than the drx-onDurationTimer.
The UE behaviour when the occasion of PDCCH-based power saving signal/channel for wake-up purpose collides with
Active Time due to other triggers than the drx-onDurationTimer (e.g. drx-InactivityTimer) should be addressed in the
WI phase.

UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose should
also be addressed in the WI phase.

6.3.2 Higher Layer Procedure for DCIl-based PDCCH monitoring reduction
(Section 5.1.5)

The higher layer procedure in support of DCI-based PDCCH monitoring skipping (which can include DCI-based
PDCCH monitoring periodicity adaptation) was studied to achieve PDCCH monitoring/decoding reduction (Section
5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping could be configured with or without DRX.
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DCl-based PDCCH monitoring skipping aims to operate on a short time scale (i.e. shorter time scale then the L2 DRX).
Under this condition, it has not been identified that DCI-based PDCCH monitoring skipping duplicates the DRX
functionality.

The DCI-based PDCCH monitoring skipping is a physical layer procedure with minimal impact, if any, on the MAC
layer. The MAC timers are not affected by the DCI-based PDCCH monitoring skipping command, except for timers
related to UL triggered activities (e.g. RA, SR and BFR), namely how/if the DCI-based PDCCH monitoring skipping
command impacts L2 operation while a Random Access or scheduling request procedure is on-going.

Further simulation results involving more scenarios (short DRX, DRX MAC CE) are shown in Section 5.1.5 for
comparison.

6.3.3 Power saving in CA/DC

UE's power consumption can be reduced in CA configuration by reducing PDCCH monitoring on activated SCells.
Methods for reducing power consumption in DC configuration (EN-DC in particular) should also be supported.

Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single
DRX configuration per MAC entity.

6.3.4 UE assistance information (Section 5.1.6)

UE's power consumption may be reduced if the UE could provide following assistance information to the network:
mobility history information (e.g. similarly as in LTE via mobilityState, and MobilityHistoryReport in TS 36.331),
power preferred information (baseline LTE PPI in a well-defined manner) related to C-DRX, BWP and SCell
configurations.

6.3.5  Adaptation to the number of antennas (Section 5.1.3)

The adaptation to the number of antennas was briefly studied. It is recommended to support the possibility to configure
a different MIMO layer configuration for the initial/default BWP compared with other BWPs of a Serving Cell. It
should be further considered if this can be extended to a per-BWP MIMO layer configuration.

6.4 Higher layer procedures for power consumption reduction in
RRM measurements

Relaxing the serving and neighbour cell measurements for NR UE was studied, considering the mobility-related
aspects. RRM measurement relaxation for serving cell is down-prioritized for UE in any RRC state. RRM
measurements for neighbour cells in both intra and inter-frequencies can be relaxed for UEs in RRC_CONNECTED
and RRC_IDLE/INACTIVE. Measurement relaxation for UEs in RRC_CONNECTED is under network control.

The relaxed monitoring criterion under which the UE may relax RRM measurements was studied. The relaxed
monitoring criteria may include the following aspects, but are not limited to:

- UE mobility status (e.g. serving cell variation, speed, movement, direction, cell re-selection, UE type ...)
- Link quality (e.g. serving cell threshold/quality, position in cell ...)
- Serving cell beam status (e.g. beam change, direction, beam specific link condition...)
The exact relaxation criteria are to be defined, and the following two should be treated with higher priority:
1) UE s not at cell edge,
2) UE is stationary or with low mobility.

It is beneficial to perform RRM measurement relaxation by allowing measurements with longer intervals, and/or by
reducing the number of cells/carriers/SSB to be measured.

Measurement relaxation rules can be discussed further,

Further simulation results addressing mobility performance evaluation for time domain RRM measurement relaxation
are provided in section 5.3.1.
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7 Conclusions

The UE power saving study completes the UE power consumption model for evaluation based on the inputs from many
sources. Evaluation results have been shown based on the UE power consumption model through calibration and
subsequent evaluations. The UE power model could be used as the reference model in evaluating the UE power
consumption for any other features if applicable.

RANL1's study shows the following power saving gains over the agreed baseline in UE power saving schemes with UE
adaptation in frequency domain, time domain, antenna domain, DRX operations, and reducing PDCCH monitoring with
different traffic types, such as FTP, IM, web browsing, video streaming, gaming and VoIP, and network
configurations,

- The power saving schemes with UE adaptation to BWP switching show the power saving gains ranged from
16% - 45% over the agreed baseline configuration. The power saving schemes with UE adaptation to SCell
operation show12% - 57.75% power saving gain with average latency increase 0.1% - 2.6%.

- The power saving schemes with cross-slot scheduling shows up to 2%-28% power saving gains with UPT
degradation 0.3%-25%. The power saving gain decreases and the UPT degradation increases as the KO increase.
The power saving gain 15%-17% and 0% -93% overhead increases is observed for same-slot scheduling only
with small packet. The power saving gain less than 2% is observed for multi-slot scheduling.

- The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna
(panels) provides up to 3%-30% power saving gain and 4% latency increase for dynamic antenna adaptation.
The power saving gain 6%-30% is observed for semi-static antenna adaptation with expected latency and UPT
degradation. Additional network resource is used for compensation of the loss of multi-antenna processing gain.

- The power saving schemes with UE adaptation to the DRX operation shows 8%~50% power saving gains with
latency increase in the range of 2%~13%. The power saving gain for dynamic DRX configuration/adaptation is
8%-70% with latency increase 2% - 323%. Rel-15 enabled DRX operation shows negative 37% to 47 % power
saving gain over the agreed baseline.

- The power saving schemes for dynamic adaption of UE PDCCH monitoring shows 5% - 85% power saving
gains with the latency increase/UPT degradation in the range of (0% - 115%)/( 5%- 43%).

It is noted that the combined power saving techniques (as listed above) may not necessarily provide linear addition of
individual power saving gains. It is noted that the power saving gains shown in the specific context as cited above are
relative numbers, while it is understood that the absolute percentage of power consumption for a specific context may
vary depending on the actual usage.

The UE assistance information provides the gNB additional information in facilitating UE adaptation to the traffic and
reducing the power consumption of some respective power saving schemes shown aforementioned. UE preferred
configurations are fed back to the gNB to help the network optimizing the resource utilization and assisting UE in
achieving power consumption reduction.

The power saving schemes with the power saving signal/channel triggering UE adaptation shows the power saving with
adaptation in different domains, such as DRX operation, BWP switching, and reducing PDCCH monitoring
aforementioned.

For adapting/relaxing RRM measurement in time domain

- 11.1% - 26.6% and 7.4% - 17.8% power saving gains are shown for increasing measurement period 4 times and
2 times respectively for RRC CONNECTED state, 17.9%-19.7% and 0.89%-5.36% power saving gains are
shown RRC IDLE/INACTIVE state by increasing measurement period for 1 SSB burst set for measurement and
periodic activities and 2 or 3 SSB burst set for measurement and periodic activities respectively.

- For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover
failure rate changes from 0% to 0.26% for 3km/h by extending 4 times measurement period) to the mobility
performance compared to high mobility cases (e.g., handover failure rate changes from 0%-1% for 60km/h by
extending 4 times measurement period).

For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells,
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- By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power
saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about
1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED
state.

- In additional to that, by also assuming that UE can limit the processing for measurement within a constrained
time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown.

- The corresponding performance impact was not reported and summarized
For additional resource for RRM measurement

- For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving gain is
19%~38%. Analysis on network architecture impact, higher-layer/PHY-layer signaling overhead and network
energy consumption is not provided. Two sources report 1.6% of SSB overhead for 160ms additional reference
signals periodicity assuming that SSB burst set periodicity is 20ms. If static UE specific signals (e.g., CSI-RS)
for connected mode UEs can be reused as additional resource for RRM, reference signal overhead may not
increase.

- For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM, the UE
power saving gain is 11.8%~20.7% by assuming that CSI-RS overhead of baseline is identical to CSI-RS
overhead with enhancement. The analysis on handover failure rate is not provided under the assumed overhead.

- For reducing the number of measured inter-frequency layers

- 2 sources show that reducing the number of measured inter-frequency layers can provide 21%~38% power
saving gain for RRC CONNECTED states, and 1 source shows 14%~35% power saving gain for RRC IDLE
states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not
provided.

It is noted that for RRM evaluation, PDCCH-only monitoring without data is assumed for RRC CONNECTED state.
Further conclusions from the study of higher layer procedures are given below.
PDCCH-based power saving signal/channel scheme for wake-up purpose (Section 5.1.4)

It is recommended that the PDCCH-based power saving signal/channel for wake-up purpose is used to indicate to the
UE to wake up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer. At least the following
should be addressed:

- UE behaviour when the PDCCH-based power saving signal/channel for wake-up purpose collides with any event
part of legacy Active Time (e.g. DRX Inactivity timer)

- UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose
DCl-based PDCCH monitoring reduction (Section 5.1.5)

The DCI-based PDCCH monitoring skipping is studied, with or without DRX. For the power saving scheme to bring
most value, it is recommended to consider skipping durations shorter than the L2 DRX cycles.

In general, the above feature could and should be designed to have minimal impact on the MAC layer.
MIMO layer adaptation (Section 5.1.3)

It is recommended to support the possibility to configure a different MIMO layer configuration for the initial/default
BWP compared with other BWPs of a Serving Cell. It should be further considered if this can be extended to a per-
BWP MIMO layer configuration.

Fast RRC state transition

It is recommended to support a mechanism for a UE to indicate its preference of transitioning out of
RRC_CONNECTED state. The corresponding signalling details and whether the UE provides release assistance and/or
state preference are to be addressed further.

Power saving in CA/DC
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UE's power consumption can be reduced in CA configuration by reducing PDCCH monitoring on activated SCells.
Methods for reducing power consumption in DC configuration (EN-DC in particular) should also be supported.

Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single
DRX configuration per MAC entity.

UE assistance information (Section 5.1.6)

Itis also identified as helpful to further evaluate the following UE's assistance information: mobility history information
(e.g. similarly as in LTE via mobilityState, and MobilityHistoryReport (TS 36.331), power preference indication
(baseline LTE PPI in a well-defined manner), UE's preferred information related to C-DRX, BWP and SCell
configurations. Other information that RAN1 considers as beneficial for UE power saving can be included in the UE
assistance information.

RRM measurement relaxation (Section 5.3)

RRM measurement for neighbour cells for both intra and inter-freq can be relaxed for UE in RRC_CONNECTED and
RRC_IDLE/INACTIVE. Measurement relaxation in RRC CONNECTED is under network control.

The exact relaxed monitoring criteria under which the UE may relax RRM measurements are to be defined, and the
following two should be treated with higher priority: if UE is not at cell edge, or if UE is stationary or with low
mobility.

It is beneficial to perform RRM measurement relaxation by allowing measurements with longer intervals, and/or by
reducing the number of cells/carriers/SSB to be measured.

Measurement relaxation rules can be discussed further, involving RAN4, if this topic is addressed in the WI.
Power saving for paging procedure

The extending the DRX cycle length to 10.24s was studied in idle and inactive mode. A power saving specific rule will
be defined for DRX cycle determination in idle and inactive mode, in the presence of different DRX cycle
configurations (e.g. UE specific and default). The DRX cycles are decided by the network based on UE preference
indications. All enhancements are aiming at reusing existing mechanism (e.g. eDRX).

The issue of false paging alarms in the UE caused by more than one UE monitoring the same Paging Occasion (PO)
was studied but no consensus was reached.

8 Appendix — Evaluation methodology

8.1 UE power consumption model

The following power states and relative power consumption values for the reference configuration are adopted for the
study of UE power saving.

8.1.1 UE power consumption model for FR1
Reference Configuration for FR1
- Downlink: TDD
- Subcarrier spacing (SCS): 30 kHz
- Number of carrier: 1CC,
- System Bandwidth: 100 MHz
- PDCCH region of 2 symbol at beginning of a slot,
- k0=0,
- maximum number of CCEs = 56,

- 36 PDCCH blind decoding,
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PDSCH of max data rate

Modulation; 256QAM

- MIMO configuration: 4x4 MIMO,

- Uplink: TDD

Number of RBs for TRS =52,
4RX UE Capability =1

Subcarrier spacing (SCS): 30 kHz SCS,

Number of carrier: 1CC,

System Bandwidth; 200MHz,

Tx antenna configuration: 1TX,

Power levels: 0dBm and 23dBm

- Power values are averaged over the operations within a slot.

ATIS.3GPP.38.840.V1600

- Different and/or additional parameter assumptions used for evaluation should be clearly stated.

Table 18: UE power consumption model for FR1

Power State Characteristics Relative Power
Deep Sleep Time interval for the sleep should be larger than the total 1
transition time entering and leaving this state. Accurate timing (Optional: 0.5)
may not be maintained.
Light Sleep Time interval for the sleep should be larger than the total 20
transition time entering and leaving this state.
Micro sleep Immediate transition is assumed for power saving study 45
purpose from or to a non-sleep state
PDCCH-only | No PDSCH and same-slot scheduling; this includes time for 100
PDCCH decoding and any micro-sleep within the slot.
SSB or SSB can be used for fine time-frequency sync. and RSRP
CSI-RS proc. | measurement of the serving/camping cell. TRS is the 100
considered CSI-RS for sync. FFS the power scaling for
processing other configurations of CSI-RS.
PDCCH + PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by 300
PDSCH UL power state.
UL Long PUCCH or PUSCH. 250 (0 dBm)
700 (23 dBm)

- FFS: Power saving signal processing power and transition energy.

- The following additional transition energy and total transition time for the three sleep types are adopted as
working assumption for power saving SI:

Both ramp down and ramp up transitions are included.

Additional processing time for acquiring synchronization is not included in total transition time.

There is always a non-sleep power state between adjacent sleeps.
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8.1.2

Reference configuration for FR2:

Table 19: UE power consumption during the state transistion

Sleep type Adcégg;g\'/gggi\'/g?g er::;gy: Total transition time
Deep sleep 450 20 ms
Light sleep 100 6 ms
Micro sleep 0 0 ms*
* Immediate transition is assumed for power saving study purpose from or to a non-sleep
state
Relative Power Additional transition energy
to deep sleep and total transitiontime Non-

sleep
power

state
Deep/Light Sleep Time

Ramp Deep/Light sleep power

Down

Figure 1: lllustration of UE power consumption at state transition

UE power consumption model for FR2

Downlink: TDD, FR2

Subcarrier spacing (SCS): 120 kHz
Number of carriers: 1CC

System Bandwidth: 100 MHz
PDCCH region of 2 symbol at beginning of a slot
- k0=0

- maximum number of CCEs = 32
- 20 PDCCH blind decoding
PDSCH of max data rate with

- Modulation: 64QAM

- MIMO configuration: 2x2

- Number of RBs for TRS = TBD

- 2RX UE Capability = 1

Uplink: TDD, FR2

Subcarrier Spacing (SCS): 120 kHz
Number of carrier = 1CC

System Bandwidth = 100MHz

Tx antenna configuration: 1TX chain

Power levels: [FFS dBm]
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- Power values are averaged over the operations within a slot
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- Different and/or additional parameter assumptions used for evaluation should be clearly stated.

Table 20: UE power consumption model for FR2

Power State

Characteristics

Relative Power

FR1 FR2
PDCCH-only No PDSCH and same-slot scheduling; this includes 100 175
time for PDCCH decoding and any micro-sleep within
the slot.
SSB or SSB can be used for fine time-frequency sync. and 100 175
CSI-RS proc. RSRP measurement of the serving/camping cell..
TRS is the considered CSI-RS for sync. FFS the
power scaling for processing other configurations of
CSI-RS.
(Note 2 SSBs in a slot for the ref. config.)
PDCCH + PDSCH| PDCCH + PDSCH. ACK/NACK in long PUCCH is 300 350
modeled by UL power state.
UL Long PUCCH or PUSCH. 250 (0 350
dBm) (FFS Tx power level)
700 (23
dBm)

- Sleep states power level, energy overhead, and transitions are same as FR1.

8.1.3 UE power consumption scaling for adaptation

The power scaling scheme for FR1 and FR2 power states are in Table 4.
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Table 21: UE power consumption scaling for adaptation

Scaling for FR1

Proposal

Comment

BWP Bandwidth (DL)

Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80.
Linear interpolation for intermediate
bandwidths. Valid only for X = 10, 20, 40, 80,
and 100.

Above scaling is applicable for FR1 only.

In case scaling is needed for FR2, companies
can report the assumed scaling factor.

For 10MHz BW, only AL up to 8 can be used for
PDCCH

The transition time is the same as DCl-based
BWP switching delay for Rel-15.

If the power after scaling is smaller than the
BWP transition power, assume the BWP
transition power as the output of scaling unless
otherwise justified.

BWP Bandwidth (UL)

No scaling at 0dBm or 23dBm

Above scaling is applicable for FR1 only.

In case scaling is needed for FR2, companies
can report the assumed scaling factor.

23dBm
2CCis 1.2x1CC at 23dBm
Limit scaling up to 2CC.

CA (DL) 2CCis 1.7x1CC Activation/deactivation delay follows RAN4
4CC is 3.4x1CC (i.e. 2x 2CC) specification; FFS transition energy
Above refers to the worst case CA Applicable for FR1 and FR2
configuration in terms of power consumption.

CA (UL) Same as downlink at 0dBm. No scaling at Applicable for FR1 and FR2

Antenna scaling (DL)

2Rx power is 0.7x 4Rx power for FR1
1Rx power is 0.7x 2Rx power for FR2

Assume same number of antenna elements per
Rx chain

Antenna scaling (UL)

2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at
23dBm FR1 only

2Tx support is not considered for FR2.

PDCCH-only

Power of cross-slot scheduling is 0.7x same-
slot scheduling

Applicable for FR1 and FR2

SSB

One SSB power is 0.75 of two SSB power, i.e.
75 power units

PDSCH-only slot

280 for FR1
325 for FR2

This assumes the same number of PDSCH
symbols as in the PDCCH+PDSCH case.

CSI-RS

FFS for scaling w.r.t. # of symbols for CSI-RS

Short PUCCH

Short PUCCH power = 0.3 x uplink power
Reference config consists of 1-symbol PUCCH

Applicable for FR1 and FR2.

SRS

SRS power = 0.3 x uplink power

Applicable for FR1 and FR2.

- Note: Scaling applies only to non-sleep power states.

- Note: latency involved in antenna scaling is FFS

- For evaluation, when BWP transition duration is one slot or longer, the slot-average power level is 50 power

units

- In case when BWP transition duration is <one slot (if defined), up to each company to report the power level

assumed

- Companies to report the type of BWP transition time (type 1 and/or type 2) assumed in the evaluation

- Note: When BWP adaptation power scaling is applied, the resultant power should not be smaller than the
above power level. Justification should be provided if a different assumption is made (for example, UE is
assumed to be in a state that is not fully active).
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- The power scaling factors for BWP adaptation and number of antenna reduction are not intended to be applicable
to the power states associated with RRM power modelling in section 8.1.4.

- For evaluation purpose, it is assumed that a periodicity of max(DRX cycle, 160 msec) is the baseline for periodic
activities, e.g. time/frequency, channel or beam tracking (if applicable)

- Other periodicity values are not precluded — companies to report if other values are assumed

- Companies to report detailed assumptions, e.g. the resources used, the relative timing relationship between
DRX cycle and periodic activity, whether and how UL reporting is done, etc.

Power scaling scheme for PDCCH candidates processing reduction:

- Scaling for the power reduction due to PDCCH candidates processing (e.g. AL/CCE/BD) reduction is modelled
solely based on its effect on micro sleep portion of the PDCCH-only slot

- The UE power scheme should include the portion of PDCCH processing time reduction in accordance to
PDCCH candidates (e.g. AL/CCE/BD) reduction

- Note: In the reference configuration, the first two symbols are PDCCH symbols
- For power scaling for PDCCH candidate reduction (for same slot scheduling only):
P(a)=a-Pt+ (1 —a)-0.7Pt

- where a is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference
configuration (0>0). Pt is the PDCCH-only power for same-slot scheduling.

For UE power modelling, the following power scaling relationship is assumed:
- For simplicity,
- The slot-averaged power for "PDCCH+PDSCH+PUCCH" is same as "PDCCH+PDSCH"
- The slot-averaged power for "PDSCH+PUCCH" is same as "PDSCH-only"

- The slot-averaged power for "PDCCH+PUCCH" is the sum of "PDCCH-only" power and "short PUCCH"
power.

- Note: PDCCH-only with cross-slot scheduling scaling is also applicable

- Note: it is observed via evaluations (where 0dBm PUCCH Tx power is assumed) that the difference is not
significant

- For non-RRM evaluation, for "PDCCH+PDSCH" concurrent in the same slot as "SSB or CSI-RS processing",
assume "PDCCH+PDSCH" power

- For non-RRM evaluation, for "PDSCH only" concurrent in the same slot as "SSB or CSI-RS processing”,
assume "PDSCH only" power

- For "PDCCH-only" and "SSB or CSI-RS processing" concurrent in a slot, the slot-averaged power is 0.85x the
sum of the respective power, at least for FR1

- For FR1, 0.85%(100+100) = 170
- For FR2, 0.85*(175+175) = 300

- For "SSB processing™ and "CSI-RS processing” concurrent in a slot, the slot-averaged power is 0.85x the sum of
the respective power, at least for FR1

- For FR1, 0.85*(100+100) = 170
- For FR2, 0.85%(175+175) = 300

- 2-SSB within a slot is assumed
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8.1.4 UE power consumption model for RRM measurements
Reference configuration and assumptions for RRM measurements:
- SSB periodicity is 20msec
- 2 SSBs per slot are measured
- SMTC periodicity is 20msec
- For inter-band
- Up to 2 frequency layers and

- Gap pattern ID = 0 defined in TS 38.133 (i.e., measurement gap length of 6msec and measurement gap
periodicity of 40msec)

Use the following as a reference for RRM power evaluation:
- Assume SMTC window duration of 2ms (corresponding to 30kHz SCS) for synchronised FR1 scenario.
- Assume SMTC window duration of 5ms for all other cases
- Note: other values are not precluded

8.14.1 For intra-frequency measurements

Table 22: UE power consumption for the RRM measurements

N: Number of cells for Synchronous case Asynchronous case
intra-frequency FR1 FR2 FR1 FR2
measurement
N=8 150 225- 170 285
N=4 120 195 140 255

- All above values are slot-averaged power (Ps1 or Ps2 for FR1 or FR2 respectively).

- Synchronous case means actual SSB transmissions from cells are time-aligned e.g., timing of SSB; from cell; is
aligned with timing of SSB; from cell;.

- Asynchronous case means actual SSB transmissions from cells are not time-aligned e.g., timing of SSB; from
cell; is not aligned with timing of SSB; from cell;

- The following maximum number of cells for intra-frequency measurement within a slot:

Table 23: Maximun numer of cells for intra-frequency measurements

FR1 FR2
Nmax = 19 Nmax =9

For combined measurement and search:

To obtain combined neighboring cell measurement and search power, add the difference between full neighboring cell
search state power and SSB/CSI-RS proc. state power to the neighboring cell measurement power, as shown below:

Table 24: UE power consumption of the combined neighbor cell measurements and cell search

N: Number of cells for Synchronous case Asynchronous case
intra-frequency FR1 FR2 FR1 FR2
measurement & search
N=8 200 320 220 380
N=4 170 290 190 350
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8.1.4.2 For inter-frequency measurement
The inter-frequency measurement is represented as function of the number of frequency layers:

UE needs to monitor Nf frequency layers within a measurement gap.

E3= (XY, E) +Et- (Nf +1)
Where
- Eiis either Ps1*Ns (for FR1) or Ps>*Ns (for FR2) for each frequency layer i
- Ns is the number of slot over which measurements (for each frequency layer i) are carried out
- Nfis the number of frequency layers measured
- Et=Pt*Tt, where
- Ptis the switching power consumption

- Assume micro sleep power for Pt

- Ttis 0.5ms for FR1 and 0.25ms for FR2 (from RAN4)

It can be simplified to the following if Ei is same across frequency layers (i.e. Ei = E for all i).

E3 = E*NF + Et*(Nf+1)

Note: RAN4 requirement assumes only one frequency layer per measurement gap.

For full neighboring cell search:

The baseline neighbor cell search power is independent of the number of cells on the first order and can be
approximated as:

Table 8: UE power consumption of neighboring cell search

FR1 FR2
150 270

- Itis expressed as the power averaged over a slot during which search is performed.

8.2 Simulation assumptions

Deployment scenarios
- Dense urban
- Single layer
- Additional deployment scenarios to be considered
- Indoor hotspot
- Rural macro

- Note: For RRM measurement evaluation, UE power consumption contributed by inter-frequency and/or inter-
RAT measurement can be considered.
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Performance metrics

- UE power saving gain - percentage of power consumption reduction of the proposed power saving scheme from
the baseline scheme

- FFS: For the case multiple applications are evaluated, whether power consumption is the overall DoU power
across the applications

- System performance
- Latency
- Scheduling delay
- User throughput

- System throughput and/or resource utilization/overhead (if applicable) should be reported as the result of
the evaluation, in addition to power saving gain.

- If a new signal/channel is introduced, the performance metrics include
- Performance
- Complexity
- Overhead for reception of the signal/channel

- If the new signal is used for detection, the performance metrics include
- False alarm rate

- Miss-detection rate

Link level simulation assumptions:

- Simulation assumptions as specified in Table A1.5-1 in TR38.802 [4] should be the basis for link-level
simulation evaluation.

- Antenna configuration may use IMT-2020 as reference. The evaluation results should also include the
antenna configuration if it is different from the reference antenna configuration,

- For LLS simulation on power saving signal detection performance, at least the following SINR values should be
evaluated: -6dB, 3dB, 20dB.

System level simulation assumptions:

- Simulation assumptions as specified in Table A2.1-1 in TR38.802 [4] should be the basis for system-level
simulation evaluation.

- Antenna configuration may use IMT-2020 as reference. The evaluation results should also include the
antenna configuration if it is different from the reference antenna configuration,

- ltis clarified that user throughput measured from system level simulation does not preclude user perceived
throughput taking into account TCP slow start if applicable

- For system level impact evaluation, IMT-2020 simulation assumptions can be adopted.

- For system level simulation, whether to apply DRX depends on the particular power saving proposal being
evaluated and the purpose of the simulation. Whether DRX is not applied in the simulation should be
identified along with the evaluation results

- For reducing simulation time for system level simulation, scaling of the bandwidth and packet size of the traffic
model can be considered (e.g. factor of 1/5). Companies to report the scale factor used, if any.

- For system level simulation, at least assume that the traffic model is FTP model 3 with 0.5Mbyte payload and
mean inter-arrival time of 200 milliseconds
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- The mean inter-arrival time can be adjusted to achieve different cell loading scenarios.

- Note: Other variations including different traffic models are not precluded

The same traffic model settings should be used across all users.

System Configurations:

Reference DRX configurations:

Traffic model used for the UE power saving scheme evaluation

C-DRX cycle 320msec, inactivity timer {200, 80} msec
- FR1 On duration: 10 msec

- FR2 On duration: 5 msec

C-DRX cycle 160msec, inactivity timer {100, 40} msec
- FR1 On duration: 8 msec

- FR2 On duration: 4 msec

C-DRX cycle 40msec, inactivity timer {25, 10} msec

- FR1 On duration: 4 msec

- FR2 On duration: 2 msec

I-DRX cycle 1.28 sec

- Group paging rate (for a PO): 10%

- P-RNTI is detected but PDSCH decoding results in no match

- Note: Statistics for the matching case may be further considered based on use case

Note: The selection and reporting of the settings for short DRX cycle, short DRX cycle timer, drx-
RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-

TimerUL should be included in the results of the UE power saving scheme

Applications with the traffic model for the evaluation of the UE power saving scheme

- FTP - FTP model 3

- Other bursty traffic arrival models can be considered

- Web-browsing

- Video streaming
- Instant messaging
- VolP

- Gaming

- Background app sync

For FTP, instant messaging, and VolIP application, the following traffic models and DRX configuration should be
included for evaluation:
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FTP traffic Instant messaging VolP
Model FTP model 3 FTP model 3 As defined in R1-070674.
Packet size 0.5 Mbytes 0.1 Mbytes Assume max two packets
Mean inter- 200 ms 2 sec bundled.
arrival time
DRX setting Period = 160 ms Period = 320 ms Period = 40 ms
Inactivity timer = 100 ms Inactivity timer = 80 ms Inactivity timer = 10 ms
Note: For ON duration setting, following reference DRX configurations as previously agreed.

- For web-browsing, video streaming, and gaming applications, the traffic models and the delay requirements
defined in R1-070674 can be used in the evaluation. The parameters (e.g. packet size) may be updated to be in
line with EMBB traffic requirements.

- For background app sync application, for power consumption evaluation purpose, it can be assumed that idle
mode operations (inclusive of page detection, RRM, deep sleep and transition overhead) contributes to X% of
the use case power. The remaining portion is contributed by intermittent RRC connections due to background
activities (FFS: value of X)

- Companies should report the assumptions made in the evaluation

Evaluation methodology of the UE power saving schemes:

- Numerical analysis, system level simulation, and link level simulation are included as evaluation methods for
power saving proposals. At least one of the methods should be selected and used for evaluation of a specific
power saving proposal.

- FFS: The criteria for selection of the methods
For power evaluation,

- For evaluation of DRX scenarios, the RRC release timer is set to infinity to ensure C-DRX and I-DRX cases are
treated separately.

- Power consumption for channel/time/frequency and beam tracking operations should be taken into account.

Calibrations:

For the purpose of basic calibration of traffic modeling, FTP model 3 (use 0.1 Mbytes packet size, mean inter-arrival
time 200msec) and VVoIP model (as defined in R1-070674) should be used to generate time distribution for different
power states, for the following scenarios

1) No C-DRX configured

- For both VoIP and FTP
2) C-DRX cycle 40msec for VolP

- 10 msec inactivity timer

- Assume max two packets bundled
3) C-DRX cycle 160msec for FTP

- 100 msec inactivity timer

The time distribution for different power states shall be reported (e.g. X% in PDCCH-only, y% in PDCCH+PDSCH, 2%
in micro sleep, etc), as a result of the calibration exercise.
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The following simplifying assumptions can be made:

- Power modelling reference configuration for FR1

- Peak throughput. 100MHz
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- DL BWP. 10-symbol PDSCH (one symbol occupied by DMRS)
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Capable of carrying 868584 information bits per slot (Note: a packet can fit within a PDSCH transmission)

- All packets can be successfully decoded on the first transmission

No HARQ retransmission

- No UL slot

- Single user

- Short DRX is not configured.

Calibration results

Traffic & Power States HW Vivo MTK ZTE Intel LGE CATT SS =7 QCO OPPO Sony[ Nokia Apple
configura [6] [7] [8] [15] [14] 9] [10] [11] [12] M [13] [42] 44] [51] [68]
tion [98] [50]
FTP, w/o PDCCH only 99.79 99.75 99.75 99.73 99.75 99.75 99.71 99.75 99.80 99.75 99.74 99.75 99.75 99.75
C-DRX % % % % % % % % % % % % % %
PDCCH+PDSCH 0.21 0.25% 0.25% 0.27% 0.25% 0.25% 0.29% 0.25% 0.20% 0.25% 0.26% 0.25% 0.25% 0.25%
% .
Micro sleep 0.00 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
% % :
Light sleep 0.00 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
% % :
Deep sleep 0.00 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
% % :
FTP, w/ PDCCH only 34.96 34.68 34.62 35% 34.96 35.27 37.92 32.85 38.20 35.01 35.65 34.50 34.95 35.44
C-DRX % % % % % % % % % % % % %
PDCCH+PDSCH 0.21% 0.25% 0.20% 0.27% 0.25% 0.26% 0.29% 0.20% 0.20% 0.25% 0.293 0.25% 0.25% 0.21%
% .
Micro sleep 0.02% 0.01% 0.02% 0.03% 0.02% 0.02% 0.00% 0.01% 0% 0.01% 0.024 0.02% 0.02% 0.04%
8% !
Light sleep 0.15% 0.13% 0.17% 0% 0.15% 0.17% 0.00% 0.14% 0% 0.15% 0.124 0.15% 0.14% 0.07%
% .
Deep sleep 64.66 64.94 64.99 65% 64.62 64.28 61.85 66.80 61.60 64.58 63.9% 65.09 64.64 64.57
% % % % % % % % % % % %
VolIP, w/o PDCCH only 98.92 98.59 98.56 98.43 98.75 98.70 98.46 98.50 98.60 98.73 08.7%
C-DRX % % % % % % % % % % AR
PDCCH+PDSCH 1.08 1.41% 1.44% 1.57% 1.25% 1.31% 1.54% 1.50% 1.40% 1.27% 1.3%
% .
Micro sleep 0.00 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.009
% % 00%
Light sleep 0.00 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% o
% % 0.00%
Deep sleep 0.00 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% o
% % 0.00%
VolP, w/ PDCCH only 22.09 22.40 21.46 19.31 18.72 14.43 20.16 32.40 22.31 20.20 20.36
C-DRX % % % % % % % % % % %
PDCCH+PDSCH 1.08% 1.09% 1.09% 0.78% 1.25% 0.40% 1.96% 1.50% 1.08% 0.96% 0.84%
Micro sleep 0.00% 0.00% 0.00% 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
% .
Light sleep 1.37% 0.61% 0.41% 0.00 0.00% 0.00% 0.34% 26.50 0.54% 0.83% 0.00%
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Deep sleep

75.45

75.90

77.04

79.92

80.03

85.16

77.54
%

39.60

76.07

78.02

78.78
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