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Introduction
The UE feature of UE power saving enhancements for NR [1] was discussed in RAN1#107b-e.  Feature Groups 29-1 Paging Enhancement, 29-2 TRS resources for IDLE/Inactive UEs, and PDCCH monitoring adaptation were agreed as the place holder for further discussion.  It was agreed to support the FG29-3c for 3 SSSG switching and FG29-3d for 2 SSSG switching and PDCCH skipping as follows,  
Agreement
R1-2200768	LS on UE capability for paging enhancement	RAN1, Ericsson

Agreement
· FG 29-3c is confirmed as “3 search space sets group switching” as follows
	29. NR_UE_pow_sav_enh
	[29-3c]
	3 search space sets group switching
	Support of 2-bit indication of SSSG switching among 3 SSSGs by scheduling DCI and timer based switching 
FFS whether to merge with 29-3b
	29-3b
	Y
	
	
	Per UE
	N
	N
	N
	
	Optional with capability signaling



Agreement
· FG 29-3d is confirmed as “2 search space sets group switching with PDCCH skipping” as follows
	29. NR_UE_pow_sav_enh
	[29-3d]
	2 search space sets group switching with PDCCH skipping
	Support of 2-bit indication of SSSG switching between 2 SSSGs with PDCCH skipping by scheduling DCI and timer based switching
	29-3a, 29-23b
	Y
	
	
	Per UE
	N
	N
	N
	
	Optional with capability signaling




This paper further discusses the remain aspects of FG29 of UE power saving enhancements for NR.  

UE Features of UE Power Saving Enhancements for NR
In [1], the objectives of UE power saving enhancements are as follows,
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
Paging Enhancement

[bookmark: _Hlk83559437]The UE feature of UE power saving enhancement for NR includes paging enhancement for IDLE/Inactive UEs, PDCCH monitoring adaptation for CONNECTED mode UEs, and RLM measurement relaxation.   The UE features for CONNECTED mode UEs would be critical to the network configuration and gNB scheduling since network will receive the feedback of UE capability to indicate whether UE supports the UE features.   However, the UE capability transfer is performed when UE is in RRC_CONNECTED after AS security is activated as in Clause 5.6 of TS38.331 [3].  The network might not know whether and how many IDLE UEs support the paging enhancement FG29-1.   The UE feature for IDLE/Inactive mode UE should be designed as the feature indication is transparent to the network since the UE capability of UE support of this feature would not be completely known by the network.  However, RAN2 agreed in RAN2#116e that “UE’s capability of supporting the UE ID-based subgrouping is reported to RAN by AS UE capability signalling while R2 assumes that UE’s capability of supporting the CN-assigned subgrouping is reported to CN by NAS signalling” as in RAN2 LS [2].  It implies that UE would report its capability of supporting the UE ID-based subgrouping to RAN if UE has been in RRC_CONNECTED state.  It will be useful for network to track UEs in RRC_Inactive.   For UE in RRC_IDLE state and not yet having AS security activation in RRC_CONNECTED state, UE has not reported its UE capability to the network.   The network does not know the number of UEs not reporting its capability in supporting UE ID-based subgrouping.  If RAN would like to capture UE capability of UE ID-based subgrouping for all IDLE/Inactive UEs, the IDLE/Inactive UE procedures and the UE capability transfer need to be enhanced to support the UE capability report of UE ID-based subgrouping when UE camping at each cell.   
[bookmark: _Hlk86319325]Based on RAN2 agreements in reporting UE ID-based subgrouping, UE features of power saving enhancement for IDLE/Inactive UEs should be “optional with capability signaling”.  

[bookmark: _Hlk86320495]Proposal 1:  UE features of power saving enhancement for IDLE/Inactive UEs should be optional with capability signaling
	NR_UE_
pow_sav_enh
	29-1
	Paging enhancement	
	
	1. Support paging early indication
2. Support UE subgroup indication
	
	N
	
	 UE does not support paging enhancement
	Per UE
	N
	N
	N
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication

	Optional with capability signaling of 



For objective of NR enhancements for IDLE/Inactive UE power saving, the paging subgrouping and PDCCH-based PEI are supported for reducing the unnecessary paging reception.  The paging subgrouping was assigned by the CORE network through NAS signaling or derived from UE ID for randomization as agreed in RAN2.   It was agreed in RAN1#106b-e that paging subgroup is indicated by PEI only.   The configuration of PDCCH-based PEI and monitoring occasions for paging subgroup indication needs to be broadcasted by RRC and/or NAS signaling to IDLE/Inactive UEs, The UE capability of paging enhancement should include the UE support of both paging subgrouping and PDCCH-based PEI.   The configuration of PDCCH-based PEI and the contents in the DCI format 2_7 for PEI would be specified with parameters broadcasted and derived by IDLE/Inactive UEs regardless UE capability in support of paging subgrouping for decoding L1 signaling in the DCI format 2_7.   There was discussion in RAN2 on the separation of feature groups between the UE support of PEI and paging subgrouping because the complicated procedure in receiving or deriving the paging subgrouping.    It was discussed in UE power saving feature discussion in RAN1#107b-e that additional RAN1 specification works are required if UE supports PEI but not paging subgrouping when the paging enhancement are separated to two UE feature groups.   There is No benefit of having two separated feature groups of supporting PEI and paging subgroups.   
The paging enhancement is for UE to reduce the paging monitoring at a camping cell to achieve UE power saving.  The PEI is a PDCCH monitoring of DCI format 2_7, which is located ahead of PDCCH monitoring of paging DCI at paging occasion.   If UE supports paging enhancement at one band, the procedure of deriving PEI monitoring occasions should be the same for each band.   There is no additional procedure for early IODT for different band.   Thus, the FG29-1 paging enhancement should be per UE.   

[bookmark: _Hlk86320630][bookmark: _Hlk83578856]Proposal 2: UE capability of FG29-1 paging enhancement for IDLE/Inactive UE power saving should be based on the support of both PDCCH-based PEI with new DCI format and paging subgroup indication.  The paging enhancement should be per UE. 

TRS Configuration for IDLE/Inactive UEs

[bookmark: _Hlk83573545]For IDLE/Inactive UE power saving by the additional TRS/CSI-RS configuration, SIB-X is used to broadcast the configuration of TRS/CSI-RS resource with L1 signaling for the indication of TRS availability dynamically.  The UE capability of TRS should be the UE obtaining the TRS configuration from the SIB and the L1 signaling from DCI formats in Paging DCI and/or PDCCH-based PEI.   Since TRS/CSI-RS availability would be indicated by L1 signaling dynamically, it is UE implementation whether to use TRS/CSI-RS for AGC or channel tracking even it is configured and available.  It was agreed in RAN1#107b-e that TRS availability indication field is present in DCI format 2_7 (if configured) with CRC scrambled by PEI-RNTI and DCI format 1_0 with CRC scrambled by P-RNTI.   UE could elect to retrieve L1 signaling of TRS availability indication from either PEI, paging DCI or both whenever CRC check passes at a DCI monitoring occasion.   Thus, UE FG29-2 should not have any prerequisite of FG29-1 since UE could retrieve the L1 signaling from DCI format 1_0 of paging DCI at paging occasion.    

	29. NR_UE_pow_sav_enh
	29-2
	TRS resources for idle/inactive UEs
	TRS occassions for idle/inactive UEs 
1. Support reading TRS configuration from SIB
2. Support receiving L1 indication for TRS availability

	FFS
	N
	
	UE cannot receive TRS resources for idle/inactive mode
	Per UE
	N
	N
	N
	Receiving L1 indication 
via DCI format 2_7 is supported only if the UE supports FG 29-1
	Optional without capability signalling



[bookmark: _Hlk94784957][bookmark: _Hlk83578870][bookmark: _Hlk86398189]Proposal 3:  The UE capability of TRS should be the UE obtaining the TRS configuration from the SIB and the L1 signaling from DCI format 2_7 for PEI if configured and DCI format 1_0 for Paging DCI.    There is no prerequisite of UE feature support of FG29-1.    

PDCCH Adaptation

The objective of CONNECTED UE power saving with reducing PDCCH monitoring reduction is achieved by dynamic adaptation of PDCCH monitoring interval.  It was agreed in RAN1#106-e that up to 2 bits are include in the scheduling DCI format 1_1, 1_2, 0_1, and 0_2 to indicate PDCCH monitoring adaptation.     The UE feature of PDCCH adaptation discussion in RAN1#107b-e had agreed to confirm the UE feature groups of FG29-3c and FG29-3d of SSSG switching with 3 SSSGs and PDCCH skipping and 2 SSSG switching respectively.   FG29-3c has the prerequisite of UE support of 2 SSSG switching in FG29-3b.  FG29-3d has the prerequisite of both FG29-3a and FG29-3b.    The UE feature for PDCCH monitoring adaptation would also include the indication from scheduling DCI for SSSG switching per UE.  

[bookmark: _Hlk83578880]Proposal 4:  The UE capability of PDCCH monitoring adaptation for CONNECTED mode UE should be per UE. 


	 NR_UE_
pow_sav_enh
	29-3a
	PDCCH skipping 
	Support of up to 2-bit indication of PDCCH skipping by scheduling DCI if SSSG is not configured

	
	Y
	
	UE could not reduce PDCCH monitoring configured by the given search space.  
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	 NR_UE_
pow_sav_enh
	29-3b
	 2 search space sets group switching
	Support of 1-bit indication of SSSG switching between 2 SSSGs by scheduling DCI, and timer based switching, without PDCCH skipping
	
	Y
	
	UE could not reduce the PDCCH monitoring with the SSSG switching 
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	[bookmark: _Hlk86321101] NR_UE_
pow_sav_enh
	29-3c
	 3 search space sets group switching
	Support of 2-bit indication of SSSG switching among 3 SSSGs by scheduling DCI and timer based switching
	29-3b
	Y
	
	UE could not reduce the PDCCH monitoring with the SSSG switching 
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	 NR_UE_
pow_sav_enh
	29-3d
	 2 search space sets group switching with PDCCH skipping
	Support of 2-bit indication of SSSG switching between 2 SSSGs with PDCCH skipping by scheduling DCI and timer based switching
	29-3a, 29-3b
	Y
	
	UE could not reduce the PDCCH monitoring by PDCCH skipping and/or SSSG switching
	Per UE
	N
	N
	N
	
	Optional with capability signaling




Conclusion 
In this contribution, we have discussed the UE features for UE power saving enhancements for NR.  We have the following proposals 
· Proposal 1:  UE features of power saving enhancement for IDLE/Inactive UEs should be optional with capability signaling
· Proposal 2: UE capability of FG29-1 paging enhancement for IDLE/Inactive UE power saving should be based on the support of both PDCCH-based PEI with new DCI format and paging subgroup indication.  The paging enhancement should be per UE
· Proposal 3:  The UE capability of TRS should be the UE obtaining the TRS configuration from the SIB and the L1 signaling from DCI format 2_7 for PEI if configured and DCI format 1_0 for Paging DCI.    There is no prerequisite of UE feature support of FG29-1.    
· Proposal 4:  The UE capability of PDCCH monitoring adaptation for CONNECTED mode UE should be per UE.   

We proposed to use Table 1for the UE feature for UE power saving enhancements for NR.  
Table 1:  UE capability for UE power saving enhancements
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory / Optional

	 NR_UE_
pow_sav_enh
	29-1
	Paging enhancement	
	
	1. Support paging early indication
2. Support UE subgroup indication
	
	N
	
	 UE does not support paging enhancement
	Per UE
	N
	N
	N
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication

	Optional with capability signaling 

	 NR_UE_
pow_sav_enh
	29-2
	TRS for IDLE/Inactive UEs
	TRS resource configuration for IDLE/Inactive UEs
1. Support of SIB decoding for the configuration of TRS resource and L1 signaling for availability indication 
2. Support paging DCI and new DCI format for PEI with additional bit for TRS availability indication   
	
	N
	
	UE cannot receive TRS resources for idle/inactive mode
	Per UE
	N
	N
	N
	
	Optional without capability signaling

	 NR_UE_
pow_sav_enh
	29-3a
	PDCCH skipping 
	Support of up to 2-bit indication of PDCCH skipping by scheduling DCI if SSSG is not configured

	
	Y
	
	UE could not reduce PDCCH monitoring configured by the given search space.  
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	 NR_UE_
pow_sav_enh
	29-3b
	 2 search space sets group switching
	Support of 1-bit indication of SSSG switching between 2 SSSGs by scheduling DCI, and timer based switching, without PDCCH skipping
	
	Y
	
	UE could not reduce the PDCCH monitoring with the SSSG switching 
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	 NR_UE_
pow_sav_enh
	29-3c
	 3 search space sets group switching
	Support of 2-bit indication of SSSG switching among 3 SSSGs by scheduling DCI and timer based switching
	29-3b
	Y
	
	UE could not reduce the PDCCH monitoring with the SSSG switching 
	Per UE
	N
	N
	N
	
	Optional with capability signaling

	 NR_UE_
pow_sav_enh
	29-3d
	 2 search space sets group switching with PDCCH skipping
	Support of 2-bit indication of SSSG switching between 2 SSSGs with PDCCH skipping by scheduling DCI and timer-based switching
	29-3a, 29-3b
	Y
	
	UE could not reduce the PDCCH monitoring by PDCCH skipping and/or SSSG switching
	Per UE
	N
	N
	N
	
	Optional with capability signaling
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