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8.7   UE Power Saving Enhancements

Please refer to RP-200938 for detailed scope of the WI

8.7.1 Enhancements for idle/inactive-mode UE power saving

8.7.1.1 Potential paging enhancements

[106-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements – Weide (MediaTek)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27
Conclusion

To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,

· PDCCH-based PEI
· SSS-based PEI
Proposed Working Assumption
· PDCCH-based PEI
Supported by 20 companies, but can not be accepted by 3 companies, i.e., Intel, CATT, Sony.
R1-2108495
Summary#4 of Paging Enhancements
Moderator (MediaTek)
R1-2108475
Summary#3 of paging enhancements 
Moderator (MediaTek)
R1-2108398
Summary#2 of paging enhancements 
Moderator (MediaTek)
R1-2108310
Summary#1 of paging enhancements 
Moderator (MediaTek)
R1-2106479
Paging enhancements for UE power saving in IDLE/inactive mode
Huawei, HiSilicon

R1-2106520
Potential Paging Enhancements
TCL Communication Ltd.

R1-2106521
Discussion on power saving enhancements for paging
ZTE, Sanechips

R1-2106606
Paging enhancements for idle/inactive mode UE power saving
vivo

R1-2106708
Discussion on potential paging enhancements for UE power saving
Spreadtrum Communications

R1-2106775
Discussion on paging enhancements
Transsion Holdings

R1-2106815
Paging enhancements for idle/inactive UE power saving
Sony

R1-2106898
Discussion on paging enhancements
Samsung

R1-2106983
Paging enhancement for UE power saving
CATT

R1-2106998
Discussion on paging enhancements with PEI
Transsion Holdings

R1-2107044
On  paging early indication
Nordic Semiconductor ASA

R1-2107182
Paging enhancement for UE power saving
Lenovo, Motorola Mobility

R1-2107253
Further discussion on Paging enhancements for power saving
OPPO

R1-2107356
Paging enhancements for idle/inactive UE power saving
Qualcomm Incorporated

R1-2107414
Discussion on paging early indication design
CMCC

R1-2107453
Discussion on potential paging enhancements
LG Electronics

R1-2107519
Design of Paging Early Indication for Idle-Mode UE Power Saving
MediaTek Inc.

R1-2107599
On Paging Enhancements for UE Power Saving
Intel Corporation

R1-2107622
On paging enhancement
Panasonic

R1-2107750
Paging enhancements for idle/inactive-mode UE
Apple

R1-2107806
Paging enhancements for UE power saving
InterDigital, Inc.

R1-2107869
Discussion on paging enhancement
NTT DOCOMO, INC.

R1-2107932
Potential paging enhancements for power saving
Xiaomi

R1-2107998
Design of Paging Enhancements
Ericsson

R1-2108122
On paging enhancements for UE power saving
Nokia, Nokia Shanghai Bell
8.7.1.2 TRS/CSI-RS occasion(s) for idle/inactive UEs

[106-e-NR-R17-PowSav-02] Email discussion regarding TRS/CSI-RS occasions for idle/inactive UEs – Qiongjie (Samsung)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27

Agreement

Support at least one of the following alternatives
· Alt1: L1 availability indication at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
· Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
Note:  The occasion mentioned above refers to a signal/channel monitoring occasion (e.g. a paging PDCCH or PEI monitoring occasion) to provide the L1 availability indication. 

Note: a RS resource is a RS from configured TRS/CSI-RS occasion(s) for idle/inactive UEs., where the configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only.
Agreement

L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration starting from a reference point, where

· the time duration can be determined based on at least one from the following (to be down-selected):
· Alt-1: configured by higher layer
· Alt-2: a predefined/configured window
· Alt-3: value indicated by the availability indication, where the value is one of multiple configured time duration(s)
· Alt-4: until when the UE receives another availability indication
· A combination of alternatives or other alternatives is not precluded.
· the reference point can be determined as at least one from the following (to be down-selected):
· Alt-1: start of next PO or DRX cycle
· Alt-2: time location where UE receives the indication
· Note: the time location is subject to application delay if agreed
· Alt-3: start of current PO or DRX cycle where UE receive the indication
· Alt-4: a time location which is configured by higher layer
· A combination of alternatives or other alternatives is not precluded.
Agreement
For a RS resource configured for TRS/CSI-RS occasion(s) for idle/inactive UEs, a quasi co-location type can be determined as 
· ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block

R1-2108515
Final summary for TRS/CSI-RS occasion(s) for idle/inactive UEs
Moderator (Samsung)
R1-2108514
Moderator Summary #3 on TRS/CSI-RS occasion(s) for idle/inactive UEs
Moderator (Samsung)
R1-2108454
Moderator Summary #2 on TRS/CSI-RS occasion(s) for idle/inactive UEs
Moderator (Samsung)
R1-2106900
Moderator summary for TRS/CSI-RS occasion(s) for idle/inactive UEs

Moderator (Samsung)
R1-2106480
Assistance RS occasions for IDLE/inactive mode
Huawei, HiSilicon

R1-2106519
TRS/CSI-RS occasions for IDLE/inactive mode
TCL Communication Ltd.

R1-2106522
TRS for RRC idle and inactive UEs
ZTE, Sanechips

R1-2106607
TRS/CSI-RS occasion(s) for idle/inactive UEs
vivo

R1-2106709
Discussion on TRS/CSI-RS occasion(s) for idle/inactive UEs
Spreadtrum Communications

R1-2106816
Considerations on TRS/CSI-RS occasion(s) for idle/inactive UEs
Sony

R1-2106899
Discussion on TRS/CSI-RS occasion(s) for idle/inactive UEs
Samsung

R1-2106900
Moderator summary for TRS/CSI-RS occasion(s) for idle/inactive Ues
Moderator (Samsung)

R1-2106984
Configuration of TRS/CSI-RS for paging enhancement
CATT

R1-2107045
On TRS design for idle/inactive UEs
Nordic Semiconductor ASA

R1-2107183
Provision of TRS/CSI-RS for idle/inactive UEs
Lenovo, Motorola Mobility

R1-2107254
Further discussion on RS occasion for idle/inactive UEs
OPPO

R1-2107357
TRS/CSI-RS for idle/inactive UE power saving
Qualcomm Incorporated

R1-2107415
Discussion on TRS/CSI-RS occasion(s) for IDLE/INACTIVE-mode UEs
CMCC

R1-2107454
Discussion on TRS/CSI-RS occasion(s) for idle/inactive UEs
LG Electronics

R1-2107520
On TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving
MediaTek Inc.

R1-2107600
On TRS/CSI-RS Ocassions for UE Power Saving
Intel Corporation

R1-2107623
Potential enhancements for TRS/CSI-RS occasion(s) for idle/inactive UEs
Panasonic

R1-2107751
Indication of TRS configurations for idle/inactive-mode UE power saving
Apple

R1-2107798
Discussion on TRS/CSI-RS occasions for idle/inactive UEs
Sharp

R1-2107807
Discussion on TRS/CSI-RS occasion(s) for idle/inactive UEs
InterDigital, Inc.

R1-2107870
Discussion on TRS/CSI-RS occasion for idle/inactive UEs
NTT DOCOMO, INC.

R1-2107933
On TRS/CSI-RS configuration and indication for idle/inactive UEs
Xiaomi

R1-2107999
Provisioning TRS occasions to Idle/Inactive UEs
Ericsson

R1-2108123
On RS information to IDLE/Inactive mode Ues
Nokia, Nokia Shanghai Bell
8.7.1.3 Others

R1-2106523
Additional simulation results of UE power consumption in RRC idle and inactive state
ZTE, 


Sanechips

R1-2106608
Discussion on paging grouping
vivo

R1-2106985
Details of PEI configuration
CATT

R1-2107673
Analysis on power consumption for IDLE mode UE
Huawei, HiSilicon

R1-2107934
Other aspect for idle/inactive-mode UE power saving
Xiaomi

R1-2108000
NW power consumption evaluation of SIB based TRS availability signaling
Ericsson
8.7.2 Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime 

[106-e-NR-R17-PowSav-03] Email discussion regarding potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime – Xiaodong (vivo)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27
Agreement

· At most 2 bit indication in self-scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) can be specified for triggering the PDCCH monitoring adaptation in a single cell
· FFS: the bit size of the indication is configurable 
· FFS: bit mapping to the PDCCH monitoring behaviour 
· FFS: details of indication of multiple cells case
Agreement
Select either package 1 or package 2

Package 1

·       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
·       Note: The number of supported SSSG is left to UE feature discussion.
·       FFS: UE capability of supported UE behaviors
·       Indication of Beh 1A when SSSG(s) are not configured is supported.
·       Working assumption: Indication of  Beh 1A for current SSSG when two SSSG(s) are configured is supported
·       FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
·       Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
§  Note: at most Y = 2
·       Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
·       FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
·       FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
·       FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
·       FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
·       PDCCH based monitoring adaptation is limitedapplied to USS and type-3 CSS.
 

Package 2 (Alt 1 and Alt 2)

· If alt 1 is supported,

· supporting SSSG  switching to emulate PDCCH skipping functionality by an ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)

· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating SSSG index.

· FFS dynamic indication of initial timer value(s)

· FFS details

· At most [3] SSSGs is supported to be configured.

· Note: including‘empty’ SSSG or ‘dormant’ SSSG

· FFS support of single timer to switch to default SSSG#0  or support of multiple timers between SSSGs
· FFS whether one or more of the following timer(s) is supported for switching between

· Option 1: Non-default SSSG to default SSSG (i.e., SSSG#0)

· Option 2: Non-default SSSG to another non-default SSSG

· Option 3: Default SSSG (i.e., SSSG#0) to non-default SSSG(s)

· FFS: down selection between ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)

· FFS: whether ‘empty’ SSSG and ‘dormant’ SSSG, can be looked as a skipping duration and whether to introduce a SSSG state.
· FFS: whether the timer is configured per SSSG, per BWP, or other approaches.

· FFS: whether multiple timer duration(s) can be configured by RRC, and DCI dynamically indicates a timer duration
· FFS: do we need to define default SSSGs and for what purpose?
· Note: description of ‘empty’ SSSG and ‘dormant’ SSSG has been provided in RAN1#105-E

· If alt 2 is supported,

· PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.

· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH monitoring adaptation (including  SSSG index, and/or PDCCH skipping duration(s))
· Alt 2-1:
· FFS: Determination of the duration for PDCCH skipping, e.g.,

· One skipping duration configured by RRC signaling,

· Multiple candidate values of skipping duration configured by RRC signaling and use DCI to dynamically indicate one of the configured skipping duration
· by specification

· FFS: possible value(s) of the duration

· FFS: joint or separate indication with SSSG switching

· Alt 2-3:
· FFS: whether introduce SSS/SSSG specific skipping indication via e.g. bitmap, codepoint, joint indication with a minimum scheduling offset value

· FFS: whether the skipping duration is configured per SSSG, per BWP, or other approaches.

· FFS: PDCCH skipping indicated by non-scheduling DCI

· FFS: interaction with SSSG switching (when configured), e.g. impact to skipping when SSSG timer expires, which SSSG after PDCCH skipping is monitored, etc.

Agreement 
package 1 in above agreement is selected.
R1-2108347
FL summary#4 of DCI-based power saving adaptation Moderator (vivo)
R1-2108386
FL summary#3 of DCI-based power saving adaptation
Moderator (vivo)
R1-2108225
FL summary#2 of DCI-based power saving adaptation
Moderator (vivo)
R1-2108224
FL summary#1 of DCI-based power saving adaptation
Moderator (vivo)
R1-2106481
Extensions to Rel-16 DCI-based power saving adaptation for an active BWP
Huawei, HiSilicon

R1-2106524
Extension to Rel-16 DCI-based power saving adaptation during DRX Active Time
ZTE, 


Sanechips

R1-2106610
Discussion on DCI-based power saving adaptation in connected mode
vivo

R1-2106710
Discussion on power saving techniques for connected-mode UE
Spreadtrum Communications

R1-2106901
Discussion on DCI-based power saving techniques
Samsung

R1-2106986
PDCCH monitoring adaptation
CATT

R1-2107017
Discussion on DCI-based power saving adaptation
NEC

R1-2107046
On PDCCH monitoring adaptation
Nordic Semiconductor ASA

R1-2107184
Enhanced DCI based power saving adaptation
Lenovo, Motorola Mobility

R1-2107255
DCI-based power saving adaptation solutions
OPPO

R1-2107358
DCI-based power saving adaptation during DRX ActiveTime
Qualcomm Incorporated

R1-2107416
Discussion on PDCCH monitoring reduction during DRX active time
CMCC

R1-2107455
Discussion on DCI-based power saving adaptation during DRX ActiveTime
LG Electronics

R1-2107476
DCI-based power saving adaptation during DRX active time
ETRI

R1-2107521
On enhancements to DCI-based UE power saving during DRX active time
MediaTek Inc.

R1-2107533
DCI-based Power Saving Enhancements 
Fraunhofer HHI, Fraunhofer IIS

R1-2107601
On PDCCH Monitoring Adaptation during DRX active time
Intel Corporation

R1-2107624
Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime


Panasonic

R1-2107752
Enhanced DCI-based power saving adaptation
Apple

R1-2107808
PDCCH monitoring reduction in Active Time
InterDigital, Inc.

R1-2107871
Discussion on extension to DCI-based power saving adaptation
NTT DOCOMO, INC.

R1-2108001
Design of active time power savings mechanisms
Ericsson

R1-2108014
Discussion on DCI-based power saving adaptation
ITRI

R1-2108048
A common framework for SSSG switching and PDCCH skipping
ASUSTeK

R1-2108124
UE power saving enhancements for Active Time
Nokia, Nokia Shanghai Bell
8.7.3 Others

R1-2106525
Further discussion on potential power saving schemes for RRC connected UEs
ZTE, Sanechips

R1-2106609
UE Power Model for Downlink Reception
vivo

R1-2106987
Link level performance for UE power saving
CATT

R1-2107674
Other considerations on power saving in Rel-17
Huawei, HiSilicon

R1-2108002
Evaluation results for UE power saving schemes
Ericsson
