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1. Introduction
[bookmark: Proposal_Pattern_Length]At RAN plenary #86 the Work Item on UE power saving enhancement was agreed [1]. The objectives in the WID are the following:

	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 #100 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




At RAN2#114e, no TU was allocated, and only one topic was discussed with the following agreements: [2].
	Group determination
· CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics
· Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE
· Proposal: Send an LS to SA2 and possibly CT1 to inform of the RAN2 agreement.




At RAN2#115 [3], the following agreements were made related to UE sub grouping.
	When AMF has assigned a UE with a Paging subgroup, some NAS signaling should be supported between AMF and UE to convey the related information to the UE. Exact information is FFS. The design and procedure are up to SA2/CT1.
When AMF has assigned a UE with a Paging subgroup, some signaling should be supported between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE. Exact information is FFS. The message(s) and associated design are up to RAN3. 
It is FFS when a UE in RRC_INACTIVE has been assigned by CN a Paging subgroup, whether some signaling should be introduced between gNBs to inform each other about the UE’s subgroup for RAN paging.
If RAN2 agrees to support UE assistance information to CN in support of Paging subgroup assignment, RAN2 will focus on the paging probability and power profile attributes.
UEID-based subgroup method requires, in addition to the already available information for legacy UEID-based grouping in PO, the total number of supported UEID-based subgroups by the network.
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups by the network is decided by RAN and broadcasted in System Information.
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups is controlled on a cell basis and can be different in different cells.




And 
	Option 2 is excluded
We go with Option 1
R2 assumes that All the cells within the registration area supports the same number of CN assigned subgroups, i.e. no remapping of CN assigned group ID to RAN subgroup ID (will revisit only if serious issues are found). 
For the purpose of continued discussions, R2 assumes that UE has separate UE caps for CN assigned and UEID based subgrouping, the actual decision to be taken later. 
RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration.




At RAN#93 [4], the following agreements were made related to PEI, Paging Early Indication, 
	Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 




At RAN2#115, the following email discussion was initiated; Post115-e][089][ePowSav] Paging Subgrouping (Xiaomi), [6], which will further be discussed during the meeting. 

At RAN2#116e meeting [6], the following agreements were made; 

Assume that one subgroup indication refer to either CN assigned subgroups or UE-ID based subgroup (no overlapping)
Both UE ID based and CN based subgrouping can be supported simultaneously in a cell, it is allowed to just support one of them. 
FFS if the total number of CN-assigned subgroups is OAM configured. Max would be 8 as this is what RAN support. 

The total number of CN-assigned subgroups that is used is not fixed 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 based subgrouping and UEID 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. 
We send an LS (short post email discussion)


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. 

A post email discussion was agreed, [Post116-e][060][ePowSav] LS out on paging subgouping and PEI (XIaomi) [7], informing RAN1 of the agreements above.
At the latest RAN2 meeting, UE assistance information was also discussed, but no agreements were made.
In this contribution, we continue to discuss UE assistance information, the need for a CN assigned RAN level subgrouping and for UE´s that mobile and may be roaming between different cells. 

1. Discussion on paging subgrouping
During IDLE/INACTIVE mode, an NR UE needs to monitor the channel for potential paging and also performs measurement and check the signal strength of the serving cell and if necessary, neighbor cells for cell re-selection.
UEs are traditionally grouped to monitor paging in different Paging Occasion, PO, based on UE-id and where UEs are spread over time, for a period corresponding to1024 SFN. A number of UEs still would have the same PO to monitor and would hence be paged at the same time. In order to limit or reduce the number of false wake-up, further subgrouping is needed. It was agreed at RAN2#114e meeting [2], that CN is responsible for further subgrouping based on UE characteristics like power attribute profiles and paging probability, and this agreement was acknowledged at RAN2#115e. 

At RAN2#115e it was also agreed that no further re-mapping from CN assigned subgroups to RAN assigned subgroups would be needed. This may be a simple approach, but would limit the independence between CN and RAN subgrouping, e.g. in case there would be 20 paging probability subgroups, which may be convenient from a higher layer perspective, but at RAN level, e.g. 4 or 8 subgroups,as discussed in RAN1, would be feasible on a physical layer, and that may be different in different cells, due to cell size or other network deployment preferences. 
For Nb-IoT and for EPS (24.301) [5], 20 paging probability subgroups has been defined.
As discussed in the email discussion above, a number of agreements have been made, but still some aspects are not ready yet, related to the usage of NW assistance information, CN assigned subgrouping and mobility. 

In our view, we would stress the following areas:
· NW/gNB Capability/ Network Assistance information 
· CN assigned subgrouping
· Mobility
NW/gNB Capability/ Network Assistance information: 
Each cell and gNB should be able to its individual capability of preference in supporting physical layer subgrouping. I.e., each cell should be able to support different capabilities/number of physical layer subgroups for Paging Early Indication (PEI), and/or CN/UE-Id based subgrouping. Here CN-gNB assistance information and  signaling is needed. This aspect would impact RAN3 specifications.
Proposal 1: Network assistance information or signaling is needed to support CN to PEI subgrouping.

CN assigned subgrouping:
Further in system information different values of “subgroupsNumPerPO” can be used. This will work for the UE-Id based solution, since “subgroupsNumPerPO” is part of subgroup calculation. But for CN-assigned subgrouping, this information or calculation seems not to be available, and since the CN assigned subgrouping is not converted in RAN level subgrouping, and same number of CN assigned groups then are assumed to be the same over the whole Tracking Area. No cell specific information is provided.
Proposal 2: RAN level subgrouping would need to be defined also for CN assigned subgrouping. 

Mobility: 
The UE should be able to roam between different cells and still be able to utilize the paging subgrouping functionality.
Proposal 3: There should be no restriction for the UE to only monitor the PEI in the last cell.

Information to other groups:
Proposal 4: Send LS to /SA2/RAN3 to inform about Network Assistance information. 

1. Conclusion
In this contribution, the following proposals are made:

Proposal 1: Network assistance information or signaling is needed to support CN to PEI subgrouping. 
Proposal 2: RAN level subgrouping would need to be defined also for CN assigned subgrouping. 
Proposal 3: There should be no restriction for the UE to only monitor the PEI in the last cell.
Proposal 4: Send LS to SA2/ /RAN3 to inform about Network Assistance information.
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