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[bookmark: _Ref488331639]Introduction
[bookmark: OLE_LINK1][bookmark: _Ref178064866]In RAN#86 meeting, a new WID RP-193173 for UE power saving enhancement was approved. In the WID, the object of UE power saving includes 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



One of the objectives is paging enhancement for idle/inactive-mode UE to reduce unnecessary UE paging receptions. As an enhancement direction, UE sub-grouping based paging has been discussed in both RAN1 and RAN2. 
In this contribution, we present our views on UE sub-grouping based paging.
Discussion
In NR, a UE may use DRX in idle/inactive-mode for paging reception for the purpose of power saving. The UE monitors one PO (paging occasion) per DRX cycle. A PO consists ‘S’ consecutive PDCCH monitoring occasions, where ‘S’ is the number of SSBs transmitted by network. The UE assumes the same paging message is repeated in all the ‘S’ beams and the selection of the beam(s) for paging reception is up to UE implementation.  
Using DRX for paging reception is beneficial for UE power saving.
UE determines its PF (paging frame) and PO based on UE_ID, the DRX cycle, the PF number in a DRX cycle and the PO number in a PF. For paging message reception in the coming PO, the UE needs to follow the below steps in order: 
1> Synchronization: SSB based synchronization before the PO for reception paging PDCCH and PDSCH
2> PDCCH reception: P-RNTI scrambled PDCCH monitoring in the PO. If a P-RNTI scrambled PDCCH is received, decode the PDCCH
3> PDSCH reception: Receive and process the paging message on PDSCH to check whether the UE identity is included in the pagingRecordList in paging message.
A single PO can be shared by multiple UEs, thus even if network wants to page only one UE in the PO, all the other UEs in the same PO need to receive the paging PDCCH and the corresponding paging PDSCH. Those UEs could not realize whether the paging message is not intended for it or not until finishing PDSCH reception, which results in false alarm paging for those UEs. Obviously, false alarm paging causes unnecessary paging reception, which increases UE power consumption.
False alarm paging causes unnecessary paging reception, which increases UE power consumption.
The impact of false alarm paging on UE power consumption depends on the false alarm probability, which further depends on the number of UEs sharing the same PO and the paging rate of these UEs. The more UEs share the same PO, the higher the false alarm probability will be. 
The false alarm probability depends on the number of UEs which share the same PO and the paging rate of these UEs.
In order to reduce the false alarm probability, one straightforward way is to further divide the UEs associated with the same PO into several groups, i.e. use UE sub-grouping based paging. 
UE sub-grouping based paging could reduce false alarm probability.
RAN2 considers UE sub-grouping based paging as a candidate solution for paging enhancement.
Regarding how to indicate paging for UE sub-groups, there are some options.
· Option 1: Indicate UE sub-group information in paging DCI
· Option 2: Use separate P-RNTIs to page for different UE sub-groups 
· Option 3: Use separate time/frequency resources to page for different UE sub-groups
· Option 4: Use group based WUS to page for different UE sub-groups
For all the above Option 1, Option 2 and Option 3, the UE still needs to perform synchronization and PDCCH reception. If UE detects that the UE group which the UE belongs to is not paged, the UE may skip PDSCH reception. So these three options can reduce unnecessary paging PDSCH receptions.
For Option 1, partial or all the existing 5 reserved bits in short message could be used for UE sub-group information indication. It is simple, and has only RAN2 impact.
For Option 2, since the P-RNTIs would be specified in the specification, the UE group number is fixed and could not be adjusted based on the paging load, which is not flexible. This option has impact on both RAN1 and RAN2.
For Option 3, network could adjust the UE group number according to the paging load. Furthermore, in the massive UE scenario (e.g. after introducing massive RedCap UEs), this approach could increase the paging capacity without increasing the false alarm probability. It can be implemented in different ways. 
· Option3-1: Configure separate paging search spaces/ CORESETs for different UE sub-groups. 
· Option 3-2: Extend a PO to consist ‘X*S’ consecutive PDCCH monitoring occasions which is similar to the case in NR-U, where X is the UE group number. The [x*S+K]th PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S. 
For option 3-1, a UE monitors P-RNTI scrambled PDCCH based on the paging search space/ CORESET corresponding to UE group which the UE belongs to. For option 3-2, PO pattern introduced in Rel-16 NR-U can be reused, but the UE behaviour is different. For UE sub-grouping based paging, a UE monitors P-RNTI scrambled PDCCH on the PDCCH monitoring occasion(s) in a PO corresponding to the UE group which the UE belongs to. In our view, option 3-2 is simpler than option 3-1.
For option 4, the WUS could be either sequence-based or PDCCH-based. If sequence-based WUS is used, a UE try to receive WUS before its PO. If there is no paging for a UE group, the UEs belonging to this UE group may skip synchronization, PDCCH reception and PDSCH reception for paging. If PDCCH-based WUS is used, the UE still needs synchronization for the WUS reception. If there is no paging for a UE group, the UEs belonging to this UE group may skip PDCCH reception and PDSCH reception for paging. Given that the WUS design has significant impact on RAN1, we think it is better to leave it to RAN1 to evaluate whether this option is feasible.
[bookmark: OLE_LINK3]Comparison of candidate solutions for UE sub-grouping based paging is given in the table below.
Table 1 summary of candidate solutions for UE sub-grouping based paging
	Candidate solution
	Advantage
	RAN1 impacts
	RAN2 impacts

	UE sub-grouping based paging with UE group indication in paging DCI 
	May reduce unnecessary paging PDSCH reception 
	N/A
	UE grouping method
Interpretation for the reserved bits in Short message
paging procedure

	UE sub-grouping based paging with multiple P-RNTI
	May reduce unnecessary paging PDSCH reception
	Define multiple P-RNTI
	UE grouping method
paging procedure

	UE sub-grouping based paging with separate paging time/frequency resource configuration for different UE groups
	May reduce unnecessary paging PDSCH reception
UE group number is adjustable
	Require multiple paging  search spaces/ CORESETs configuration
	UE grouping method
[bookmark: _GoBack]paging search spaces/ CORESETs configuration 
paging procedure

	UE sub-grouping based paging with separate PDCCH monitoring occasions for different UE groups
	May reduce unnecessary paging PDSCH reception
UE group number is adjustable
	A PO consists more PDCCH monitoring occasion
	UE grouping method
paging procedure

	GWUS-based paging
	May reduce unnecessary synchronization and/or paging PDCCH&PDSCH reception
	WUS design

	UE grouping method
GWUS-based paging procedure



Based on the comparison of candidate solutions for UE sub-grouping based paging, we prefer option 1 and option 3-2, since both the options are simple and has no or limited impact on RAN1.
[bookmark: _Toc20773223][bookmark: _Toc20773241][bookmark: _Toc20773796][bookmark: _Toc20775658][bookmark: _Toc23865234][bookmark: _Toc23886436][bookmark: _Toc23886579][bookmark: _Toc23931416][bookmark: _Toc47130366][bookmark: _Toc47131585][bookmark: _Toc47650364]RAN2 prioritizes the following candidate solutions for UE sub-grouping based paging.
· [bookmark: _Toc47130367][bookmark: _Toc47131586][bookmark: _Toc47650365]UE group-based paging with UE group indication in paging DCI
· [bookmark: _Toc47130368][bookmark: _Toc47131587][bookmark: _Toc47650366]UE group-based paging with separate PDCCH monitoring occasions for different UE sub-groups
Conclusion
Based on the discussion we make the following observation:
1. Using DRX for paging reception is beneficial for UE power saving.
False alarm paging causes unnecessary paging reception, which increases UE power consumption.
The false alarm probability depends on the number of UEs which share the same PO and the paging rate of these UEs.
UE sub-grouping based paging could reduce false alarm probability.

And we give the following proposals:
1.     RAN2 considers UE sub-grouping based paging as a candidate solution for paging     enhancement.
RAN2 prioritizes the following candidate solutions for UE sub-grouping based paging.
· UE group-based paging with UE group indication in paging DCI
· UE group-based paging with separate PDCCH monitoring occasions for different UE sub-groups
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