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8.7 UE Power Saving Enhancements
Please refer to RP-212630 for detailed scope of the WI. Please also refer to section 7 (Proposal 1) of RP-212611 for additional guidance for this e-meeting. Incoming LS(s) related to this work/study item under agenda item 5: R1-2110759.
[107-e-R17-RRC-PowSav] Email discussion on Rel-17 RRC parameters for UE power saving – Weide (MediaTek)
· Email discussion to start on November 15

8.7.1 Enhancements for idle/inactive-mode UE power saving
8.7.1.1   Potential paging enhancements

[107-e-NR-R17-PowSav-01] Email discussion regarding potential paging enhancements – Weide (MediaTek)
· 1st check point: November 15
· Final check point: November 19
Agreement
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
· If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB
Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
·        POnumPerPEI is a factor of [image: image1.png]N X N_



 (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
·        Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
·        Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).
Working Assumption
· The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
· K = 1, if [image: image2.png]subgroupsNumPerPO



 is absent or set to 0 or 1,
· K = [image: image3.png]subgroupsNumPerPO



, if [image: image4.png]2 < subgroupsNumPerPO < 8



 is configured.
· UE identifies its paging indication bit as follows:
· Let [image: image5.png]


 denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: image6.png]= ((UE_ID mod N) x N, + i_s) mod POnumPerPEI




 , where [image: image7.png]UEID,N, N_ and i_s



 are as defined in clause 7 of TS 38.304
· [image: image8.png]


 when K = 1 and UE is not provided a subgroup index
· [image: image9.png]0<i, <K



 when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: image10.png](ipp X K+ ics)



-th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
· If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO
Agreement
For PEI DCI format, defined as DCI format 2_7,
· Total number of bits for paging indication filed is POnumPerPEI, if [image: image11.png]subgroupsNumPerPO



 is absent or set to 0 or 1, and the number is [image: image12.png](POnumPerPEI x subgroupsNumPerPO0)



, if [image: image13.png]2 < subgroupsNumPerPO < 8



 is configured.
· For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
· Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
· Support configurable DCI payload size which should be no larger than payload size of paging DCI
· Unused bits, when applicable, are regarded as reserved bits
· Note: A smaller payload size is beneficial for PEI detection performance
Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.
Agreement
The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for PEI PDCCH monitoring occasion are given as the following table. Actual aggregation levels and PDCCH candidates are provided by ‘peiSearchSpace’ configuration in SIB.
	CE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1


Agreement
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0
Agreement
Confirm the following working assumption:
Working Assumption
· The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
· K = 1, if [image: image14.png]subgroupsNumPerPO



 is absent or set to 0 or 1,
· K = [image: image15.png]subgroupsNumPerPO



, if [image: image16.png]2 < subgroupsNumPerPO < 8



 is configured.
· UE identifies its paging indication bit as follows:
· Let [image: image17.png]


 denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: image18.png]= ((UE_ID mod N) x N, + i_s) mod POnumPerPEI




 , where [image: image19.png]UEID,N, N_ and i_s



 are as defined in clause 7 of TS 38.304
· [image: image20.png]


 when K = 1 and UE is not provided a subgroup index
· [image: image21.png]0<i, <K



 when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: image22.png](ipp X K+ ics)



-th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
· If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO
R1-2112307
Summary #1 of Paging Enhancements
MediaTek Inc
R1-2110837
Paging enhancements for UE power saving in IDLE/inactive mode
Huawei, HiSilicon

R1-2110937
Discussion on power saving enhancements for paging
ZTE, Sanechips

R1-2111023
Remaining issues on paging enhancements for idle/inactive mode UE power saving
vivo

R1-2111062
Paging enhancements for idle/inactive UE power saving 
TCL Communication Ltd.

R1-2111103
Discussion on potential paging enhancements for UE power saving
Spreadtrum Communications

R1-2111266
Paging enhancement for UE power saving
CATT

R1-2111325
Further discussion on Paging enhancements for power saving
OPPO

R1-2111404
Remaining issues on potential paging enhancement
Sony

R1-2111504
On remaining aspects of paging early indication design
Intel Corporation

R1-2111582
Paging enhancement for power saving
Xiaomi

R1-2111617
Discussion on paging early indication design
CMCC

R1-2111674
Discussion on PEI Design
Transsion Holdings

R1-2111675
On paging enhancement
Panasonic

R1-2111747
Discussion on paging enhancements
Samsung

R1-2111884
Paging enhancements for idle/inactive-mode UE
Apple

R1-2111945
Paging enhancement for UE power saving
Lenovo, Motorola Mobility

R1-2111960
Discussion on paging enhancements for UE power saving
InterDigital, Inc.

R1-2112060
Discussion on potential paging enhancements
LG Electronics

R1-2112116
Discussion on paging enhancement
NTT DOCOMO, INC.

R1-2112149
Design of Paging Enhancements
Ericsson

R1-2112226
Paging enhancements for idle/inactive UE power saving
Qualcomm Incorporated

R1-2112307
Summary #1 of paging enhancements
MediaTek Inc.

R1-2112308
Remaining design details of paging early indication
MediaTek Inc.

R1-2112370
Open items on paging enhancements for UE power saving
Nokia, Nokia Shanghai Bell

R1-2112379
On paging early indication
Nordic Semiconductor ASA
8.7.1.2   TRS/CSI-RS occasion(s) for idle/inactive UEs

[107-e-NR-R17-PowSav-02] Email discussion regarding TRS/CSI-RS occasions for idle/inactive UEs – Qiongjie (Samsung)
· 1st check point: November 15
· Final check point: November 19
Agreement
For the maximum number of TRS resource sets configured by higher layer, X,

· X = 64

· FFS: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
Agreement
For L1 availability indication using a bitmap, the following is supported:
· Number of bits in the bitmap, N, is up to 6 bits 
· a bit is associated with a group of TRS resource sets. The associated TRS resource sets for each bit can be based on 
· explicit configuration of TRS resource set group, where 
· each TRS resource set is configured with a ID i, with value from {0, …, N-1}, for the association with an indication bit in TRS availability indication field.
· the ith bit maps to all the TRS resource set(s) associated with ID i. 

· start of the bitmap is the first bit of the reserved bits in paging PDCCH 
· Note: It is left to RAN2 decision on whether explicit parameter is used for N or it can be implicitly determined by the TRS resource set configurations.

Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication

· FFS: Whether the availability indication is transmitted [only once] during the validity duration 

Note: Qualcomm and Huawei have concern on Alt a
Agreement

For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support

· time unit is one default paging cycle,

· applicable values: {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}

When the validity duration is not configured, UE assumes a default time duration to be 2 default paging cycle(s):

Agreement
Confirm the following working assumption

Working Assumption
· Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

· Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.

R1-2112683
Moderator Summary #3 on TRS/CSI-RS occasion(s) for idle/inactive UEs
Moderator (Samsung)
R1-2112682
Moderator Summary #2 on TRS/CSI-RS occasion(s) for idle/inactive UEs
Moderator (Samsung)
R1-2111749
Moderator Summary #1 on TRS/CSI-RS occasion(s) for idle/inactive UEs
Moderator (Samsung)
R1-2110838
Assistance RS occasions for IDLE/inactive mode
Huawei, HiSilicon

R1-2110938
TRS for RRC idle and inactive UEs
ZTE, Sanechips

R1-2111024
Remaining issues on TRS/CSI-RS occasion(s) for idle/inactive UEs
vivo

R1-2111063
TRS/CSI-RS occasions for IDLE/inactive mode
TCL Communication Ltd.

R1-2111104
Discussion on TRS/CSI-RS occasion(s) for idle/inactive UEs
Spreadtrum Communications

R1-2111267
Configuration of TRS/CSI-RS for paging enhancement
CATT

R1-2111326
Further discussion on RS occasion for idle/inactive UEs
OPPO

R1-2111405
Remaining issues on TRS occasion(s) for idle/inactive UEs
Sony

R1-2111505
Discussion on TRS occasions in idle/inactive mode
Intel Corporation

R1-2111583
On TRS/CSI-RS configuration and indication for idle/inactive UEs
Xiaomi

R1-2111618
Discussion on TRS/CSI-RS occasion(s) for IDLE/INACTIVE-mode UEs
CMCC

R1-2111676
Potential enhancements for TRS/CSI-RS occasion(s) for idle/inactive UEs
Panasonic

R1-2111748
Discussion on TRS/CSI-RS occasion(s) for idle/inactive UEs
Samsung

R1-2111749
Moderator Summary#1 on TRS/CSI-RS occasion(s) for idle/inactive UEs
Moderator (Samsung)

R1-2111885
Indication of TRS configurations for idle/inactive-mode UE power saving
Apple

R1-2111946
Provision of TRS/CSI-RS for idle/inactive UEs
Lenovo, Motorola Mobility

R1-2111961
Remaining issues on TRS/CSI-RS occasion(s) for idle/inactive UEs
InterDigital, Inc.

R1-2112018
Discussion on TRS/CSI-RS occasions for idle/inactive UEs
Sharp

R1-2112061
Discussion on TRS/CSI-RS occasion(s) for idle/inactive UEs
LG Electronics

R1-2112117
Discussion on TRS/CSI-RS occasion for idle/inactive Ues
NTT DOCOMO, INC.

R1-2112150
Provisioning TRS occasions to Idle/Inactive UEs
Ericsson

R1-2112227
TRS/CSI-RS for idle/inactive UE power saving
Qualcomm Incorporated

R1-2112309
On TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving
MediaTek Inc.

R1-2112371
Open issues on n TRS information forto IDLE/INACTIVE mode UEs
Nokia, Nokia Shanghai Bell

R1-2112380
On TRS design for idle/inactive UEs
Nordic Semiconductor ASA
8.7.1.3   Others
R1-2110839
Analysis on power consumption for IDLE mode UE
Huawei, HiSilicon

R1-2110939
Additional simulation results of UE power consumption in RRC idle and inactive state
ZTE, Sanechips

R1-2111025
Discussion on paging grouping
vivo

Withdrawn

R1-2111268
Multiple POs associated with one PEI
CATT

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

[107-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: November 15
· Final check point: November 19
Agreement

The following agreement in RAN1#106-E is updated as follows,

Agreement(extracted from RAN1#106-E)

· 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
· A new indication field in scheduling DCI is used for indicating PDCCH monitoring adaptation

Agreement

Confirm the working assumptions with the following updates (extract from RAN1#106-bis agreements)

· The value of the timer in slots for monitoring PDCCH in the active DL BWP of the serving cell before moving to the default search space group is 

· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
· {1,2,3,…,40, 60, 80, 100, 100,160,200} for 30 kHz SCS,
· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
Agreement
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , one of the following is supported
· Alt a: 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors

· If M = 1, then 

· ‘00’ is Beh 2 

· ‘01’ is Beh 2A 

· ‘10’ is Beh 1A (stay in current SSSG)
· [‘11’ is reserved]
· If M = 2, then 

· ‘00’ is Beh 2

· ‘01’ is Beh 2A 

· ‘10’ is Beh 1A for duration T1  (stay in current SSSG)

· ‘11’ is Beh 1A for duration T2  (stay in current SSSG)
· Note: for  ‘00’ and ‘01’, UE performs Beh 1(i.e., does not perform PDCCH skipping )
· Note: By a single DCI indication, a UE is not expected to simultaneously perform two behaviors of SSSG switching and PDCCH skipping.
· FFS SSSG switching timer behavior, and timer value related to the value of T1/T2 
Agreement

If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-            resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
o    Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o    Alt 2b: for the Type3-PDCCH CSS set or the USS set
o    Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-            otherwise, decrease the timer value by one after each slot.
-            FFS: When the timer expires in a slot

Agreement

-            For value X in Beh 1A, candidate skipping values are
o    Up to [100ms] length is supported,
o    The X is configured and indicated in the unit of slot.
o    Working assumption for candidate values for X
o    {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
o    {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,
o    {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
o    {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
o    FFS: Equal to or longer than the applicable minimum scheduling offset
o    FFS: additional  symbol level / PDCCH monitoring period level skipping duration
R1-2112579
FL summary#2 of DCI-based power saving adaptation
Moderator (vivo)
R1-2112578
FL summary#1 of DCI-based power saving adaptation
Moderator (vivo)
R1-2112151
Modeling of NR gNB power consumption
Ericsson

R1-2112228
Aligning Paging Occasions to SSB for UE idle and inactive mode power saving
Qualcomm Incorporated

R1-2110840
Extensions to Rel-16 DCI-based power saving adaptation for an active BWP
Huawei, HiSilicon

R1-2110940
Extension to Rel-16 DCI-based power saving adaptation during DRX Active Time
ZTE, Sanechips

R1-2111026
Remaining issues on DCI-based power saving adaptation in connected mode
vivo

R1-2111105
Discussion on power saving techniques for connected-mode UEs
Spreadtrum Communications

R1-2111181
Discussion on DCI-based power saving adaptation
NEC

R1-2111269
PDCCH monitoring adaptation
CATT

R1-2111327
DCI-based power saving adaptation solutions
OPPO

R1-2111506
Discussion on DCI-based power saving adaptation in active time
Intel Corporation

R1-2111619
Discussion on PDCCH monitoring reduction during DRX active time
CMCC

R1-2111677
Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime


Panasonic

R1-2111750
Discussion on DCI-based power saving techniques
Samsung

R1-2111886
Enhanced DCI-based power saving adaptation
Apple

R1-2111947
Enhanced DCI based power saving adaptation
Lenovo, Motorola Mobility

R1-2111962
DCI-based power saving adaptation during DRX Active Time
InterDigital, Inc.

R1-2111992
Remaining issues on DCI-based power saving adaptation during DRX active time
ETRI

R1-2112062
Discussion on DCI-based power saving adaptation during DRX ActiveTime
LG Electronics

R1-2112075
Discussion on extension(s) to Rel-16 DCI-based power saving adaptation
FGI, Asia Pacific Telecom

R1-2112118
Discussion on extension to DCI-based power saving adaptation
NTT DOCOMO, INC.

R1-2112152
Design of active time power savings mechanisms
Ericsson

R1-2112229
DCI-based power saving adaptation during DRX ActiveTime
Qualcomm Incorporated

R1-2112310
On enhancements to DCI-based UE power saving during DRX active time
MediaTek Inc.

R1-2112372
Open issues on PDCCH monitoring adaptation for UE power saving
Nokia, Nokia Shanghai Bell

R1-2112381
On PDCCH monitoring adaptation
Nordic Semiconductor ASA

R1-2112397
DCI-based Power Saving Enhancements
Fraunhofer HHI, Fraunhofer IIS
8.7.3 Others

R1-2110941
Further discussion on potential power saving schemes for RRC connected UEs
ZTE, Sanechips

R1-2111270
PDCCH skipping and SS group switching
CATT

R1-2111930
Other considerations on power saving in Rel-17
Huawei, HiSilicon

R1-2112153
Evaluation results for UE power saving schemes
Ericsson
