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1. [bookmark: _Ref5850594]Introduction
[bookmark: _Hlk37413676][bookmark: _Hlk37413294]In this contribution, we share our views on UE feature group drafted for NR Rel-17 UE Power Saving. 
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2. Discussion on Power Saving UE Features for NR Rel-17 

The table below captures the initial proposed framework from the Moderator for Rel-17 power saving UE features.

	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
(the ‘type’ definition from UE features should be based on the granularity of 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

	 29. NR_UE_pow_sav_enh
	29-1
	Paging enhancement	
	
	1. Support paging early indication
2. Support UE subgroup indication

	
	N
	
	High idle/inactive mode UE power consumption if NR SA networks
	Per UE
	N
	N
	N
	
	Optional without capability signalling

	 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 receving L1 indication for TRS availability
	
	N
	
	Lose of power saving gain on AGC, time/frequency tracking in idle/inactive mode
	Per UE
	N
	N
	N
	
	Optional without capability signalling

	 29. NR_UE_pow_sav_enh
	29-3
	PDCCH monitoring adaptation within an active BWP
	1. Support of PDCCH monitoring adaptation behaviour 1/1A
1. Support of PDCCH monitoring adaptation behaviour 2/2A/[2B]

	
	Y
	
	PDCCH monitoring adaptation within an active BWP is not supported 
	Per UE
	N
	N
	N
	FFS: Support of PDCCH monitoring adaptation behaviour 1/1A/2/2A/2B
	Optional



2.1. Idle and Inactive Mode
2.1.1. Paging Enhancements
Following agreements were made in RAN1 #107-bis-e meeting [1].
	Decision: The draft LS is endorsed with the following update. Final LS is approved in R1-2200768.
If a separate FG for component 2 is introduced, then for a UE supporting FG29-1 and not supporting UE subgroup indication (i.e. UE supporting component 1 only), subgroup index [to be received by the UE] is undefined in current RAN1 specification [and there is no indication bit in PEI for the UE]. Introducing a separate FG for component 2 would require further RAN1 specification work.
R1-2200768	LS on UE capability for paging enhancement	RAN1, Ericsson



For FG 29-1, whether it should be split into separate FGs for PEI reception and UE subgrouping was left to RAN2 to decide.
The other remaining issues for FG 29-1 include the FG Type and whether UE capability signaling is needed. We will discuss the general FG Type proposal for all Rel-17 UE power saving enhancemsnts features later.

RAN2 made the following agreements related to UE subgrouping and PEI design [2].
	RAN2 discussed UE paging subgrouping as part of the Rel-17 work on UE power saving enhancement (see RP-200938). On paging subgrouping, the following provides the detailed agreements for the 2 approaches (CN-assigned subgrouping and UE ID-based subgrouping):
· Assume that one subgroup indication refers to either CN-assigned subgroups or UE ID-based subgroup (no overlapping)
· Both UE ID-based and CN-assigned subgrouping can be supported simultaneously in a cell, it is allowed to just support one of them. 
· The total number of CN-assigned subgroups that is used is not fixed and can be configured up to 8 (e.g. by OAM). No impact on signalling is assumed.
· RAN introduces a new parameter Nsg-UEID to indicate its support of UE ID-based subgrouping. 
· RAN does not support any type of subgrouping if its configuration for subgrouping is either absent or nullified (e.g. subgroupsNumPerPO is either absent or set to zero). FFS for the signalling details.
· We assume separate indications for UE capability of CN-assigned subgrouping and UE ID-based subgrouping. 
· 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. 

RAN2 also discussed the Paging Early Indication, and agreed to the following:
· RAN2 assumes that if PEI is detected, and the PEI indicates that the UE has to monitor the associated PO, then the UE monitors paging DCI in the associated PO, including scheduling information for paging PDSCH (if included) as in legacy. This assumption may be updated based on RAN1 agreements.
· As a baseline RAN2 has a preference to support PEI with both DRX and eDRX, but potential issues (e.g. PEI and PTW) are FFS.
· For UE ID-based subgroups the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*8). 
· Introduce a UERadioPagingInfo IE in the UECapabilityInformation message in NR in Rel-17. 
· If the UE was not able to monitor the PEI occasion corresponding to its PO, the UE shall monitor the PO. 



According to RAN2’s agreement, UE should report its support on UE subgrouping in either AS or NAS capability signaling report. Then, FG 29-1 should be based on ‘optional with capability signaling’. 
[bookmark: Prop1]Proposal 1: According to RAN2 LS in R1-2200005, FG 29-1 should be based on ‘optional with capability signaling’ and the ‘Need for the gNB to know if the feature is supported’ should be ‘Y’.

2.1.2. TRS for Idle and Inactive Mode
For FG 29-2, the table below captures the final status on RAN1 # 107-bis-e discussions on whether PEI and paging PDCCH based availability indication should have separate FGs and whether FG 29-1 should be the prerequisite for FG 29-2.
We think it is problematic to use current FG 29-1 as prerequisite for FG 29-2 because FG 29-1 also includes the support of sub-grouping. No matter PEI reception and UE subgrouping have separate FGs or not, there is no need to restrict the UE from receiving the PEI PDCCH even if it does not support UE sub-grouping. There can be RAN1 solution with impact to PEI PDCCH DCI format design such as a UE not supporting subgrouping should process it paging occasion if any bit of the PEI indication bit segment associated with its PO is 1. Besides, “Support receiving L1 indication for TRS availability” just requires the UE to receive TRS availability indication from either PEI or paging PDCCH or both. We do not think it needs to be further specified that whether the L1 signaling is PEI, paging PDCCH or both. Then there is no need to have the note in the Note column. We propose to remove all yellow highlighted text under “Prerequisite” and “Note” in the table for FG 29-2.

[bookmark: Prop2]Proposal 2: Do not use FG 29-1 as prerequisite for FG-2. Remove the text under “Note” for FG 29-2.

	Moderator
	This proposal was discussed in the GTW session on Jan 25 but no consensus was achieved. Let’s further discuss in the next RAN1 meeting.

High priority proposal 3-1:
· FG 29-2 is updated as follows
	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
	
	Lose of power saving gain on AGC, time/frequency tracking in idle/inactive mode
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








Whether the idle and inactive UE supports TRS does not have much explicit impact on network implementation on whether and how TRS should be transmitted. This is because first, the TRS is not dedicated for idle and inactive UEs, but a reused TRS already configured to connected UEs and the availability indication does not require dedicated signaling but just reuses paging PDCCH or PEI. The actual use of TRS for idle and inactive UEs have been considered as UE implementation such as using the TRS for UE RRM measurement. Based on these, we think there is no strong need for the idle and inactive mode UE to explicitly report the support of TRS.
[bookmark: Prop3]Proposal 3: FG 29-2 is based on ‘optional without capability signalling’ and the ‘Need for the gNB to know if the feature is supported’ is ‘N’.


2.2. [bookmark: _Ref40308856]Licensed and unlicensed differentiation
For the general FG 29-x, the differentiation between licensed and unlicensed bands is necessary. It is not because there are significant implementation challenges specifically in the unlicensed band or vice versa, but because it is unlikely that deployment schedules of NR in licensed and unlicensed bands are the same. Note that NR has already been deployed worldwide in licensed bands, while the deployment for unlicensed bands has not been started. If the feature is based on per-UE signaling, to introduce the UE power saving feature for either licensed or unlicensed band first, it requires IODT for both licensed and unlicensed bands, and thus the introduction of the feature would be delayed. However, if the feature is differentiated between licensed and unlicensed, the feature can be introduced for licensed band after IODT in the licensed band first and without IODT in the unlicensed band, and vice versa. The same argument also applies to the NTN band. 
Among the types of signaling, “Per Band” should be used to support the licensed-unlicensed differentiation. Otherwise, if a signaling type other than “Per Band” is used, the differentiation between licensed and unlicensed should separately be enabled with the feature.
[bookmark: Prop4]Proposal 4: Unless otherwise stated, the type for the UE power saving feature should be at least per band (or preferably a type with finer granularity), given the potential UE testing differentiation among licensed, unlicensed, and NTN band.

3. Conclusion

In this paper, we made the following proposals for Rel-17 power saving enhancements. 

Proposal 1: According to RAN2 LS in R1-2200005, FG 29-1 should be based on ‘optional with capability signaling’ and the ‘Need for the gNB to know if the feature is supported’ should be ‘Y’.
Proposal 2: Do not use FG 29-1 as prerequisite for FG-2. Remove the text under “Note” for FG 29-2.
Proposal 3: FG 29-2 is based on ‘optional without capability signalling’ and the ‘Need for the gNB to know if the feature is supported’ is ‘N’.
Proposal 4: Unless otherwise stated, the type for the UE power saving feature should be at least per band (or preferably a type with finer granularity), given the potential UE testing differentiation among licensed, unlicensed, and NTN band.
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