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Introduction
The core specifications of UE power saving enhancements for NR [1] expect to be completed in RAN#95 with one quarter early completion of RAN1 specification in RAN#94.   RAN1 related UE features for UE power saving enhancements are discussed.
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

[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, network might not know whether IDLE/Inactive UE supports the IDLE/Inactive UE features since the UE capability inquiry by network and UE response through RRC signaling only when UE is in RRC_CONNECTED mode.   Thus, 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.  

[bookmark: _Hlk83578833]Proposal 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.  

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#104bis-e that paging subgrouping is indicated by L1 signaling either included in PEI and/or paging DCI.  The configuration of physical channel and monitoring occasions, such as PDCCH-based PEI or paging PDCCH at PO  with L1 signaling for paging subgroup indication needs to be broadcasted to IDLE/Inactive UEs,  Thus, the UE capability should be centered with the UE support of paging subgrouping whether L1 signaling is included in the PEI or paging DCI.   The configuration of physical channel, either PDCCH-based PEI or PDCCH at PO, and the contents in the new DCI formats for PEI or paging DCI would be broadcasted to IDLE/Inactive UEs regardless UE capability in support of paging subgrouping for decoding L1 signaling in the PEI or paging DCI is fed back to the network.   

[bookmark: _Hlk83578856]Proposal 2: UE capability for IDLE/Inactive UE power saving should be based on the support of the configuration of physical channel and monitoring occasions for paging subgroup indication.

[bookmark: _Hlk83573545]For IDLE/Inactive UE power saving by the additional TRS/CSI-RS configuration, RAN1 agreed to have SIB signaling for 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 decoding of the TRS configuration in the SIB and the L1 signaling from DCI formats in either Paging DCI or PEI.  

[bookmark: _Hlk83578870]Proposal 3:  The UE capability of TRS should be the UE decoding of the TRS configuration in the SIB and the L1 signaling from DCI formats in either Paging DCI or PEI.  

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 is for UE to support the configured bits of PDCCH monitoring adaptation in the scheduling DCI.   It was also agreed in RAN1#105-e that SSSG switching is supported by scheduling DCI.   The UE feature for PDCCH monitoring adaptation would also include the indication from scheduling DCI for SSSG switching.    

[bookmark: _Hlk83578880]Proposal 4:  The UE capability of PDCCH monitoring adaptation for CONNECTED mode UE is to indicate the support of up to 2-bit indication in the scheduling DCI formats 1_1, 1_2, 0_1 and 0_2 for PDCCH skipping and SSSG switching.   

The UE capability for UE power saving enhancements is proposed in Table 1
[bookmark: _Ref83578773]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	
	
	Paging subgroup indication for IDLE/Inactive UE
1. Support of paging subgroup configuration.  
2, Support of L1 signaling of paging subgroup indication
3. Support of new DCI format for paging subgroup indication (PEI) 
4. Support of PEI monitoring occasion(s)
	
	N
	
	IDLE/Inactive UE follows legacy paging procedure at each Paging Occasion.  
	Per UE
	N
	N
	N
	
	Optional

	 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
	
	IDLE/Inactive UE would not use the configured TRS resource for power saving 
	Per UE
	N
	N
	N
	
	Optional

	 NR_UE_
pow_sav_enh
	29-3
	PDCCH monitoring adaptation 
	Dynamic PDCCH monitoring adaptation
3. Support 2-bit in scheduling DCI format 1_1, 1_2, 0_1, and 0_2 for PDCCH monitoring adaptation
4. Support of PDCCH skipping by scheduling DCI with up to 2-bit indication
5. Support of SSSG switching by scheduling DCI format 1_1, 1_2, 0_1, and 0_2

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




Conclusion 
In this contribution, we have discussed the UE features for UE power saving enhancements for NR.  We have the following proposals 
· Proposal 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.  
· Proposal 2: UE capability for IDLE/Inactive UE power saving should be based on the support of the configuration of physical channel and monitoring occasions for paging subgroup indication.
· Proposal 3:  The UE capability of TRS should be the UE decoding of the TRS configuration in the SIB and the L1 signaling from DCI formats in either Paging DCI or PEI.  
· Proposal 4:  The UE capability of PDCCH monitoring adaptation for CONNECTED mode UE is to indicate the support of up to 2-bit indication in the scheduling DCI formats 1_1, 1_2, 0_1 and 0_2 for PDCCH skipping and SSSG switching.   

We proposed to use Table 1for the UE feature for UE power saving enhancements for NR.  
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