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1	Introduction
The following agreements were made in the RAN2 #113bis-e and RAN2 #114e meetings on paging enhancements [1] [2]. An LS was sent to SA2, RAN3 and CT1 in [3]. Further details were discussed in post#114e email discussion [076] [4].
	We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)
If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID). 

	The following is supported:
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


In this contribution, we discuss further details on roles of CN and RAN for subgrouping assignment.
2	Discussion
Firstly, we would like to recap how paging probability-based approach works for NB-IoT. Figure 1 shows an example signaling flow of the group WUS (GWUS) defined for NB-IoT and eMTC [5] [6]. 
[image: ]
Figure 1: Signaling flow of Group WUS

The CN and the UE negotiates the UE’s paging probability (see steps 2 and 3 in Figure 1) and CN indicates it to the eNB when the UE is paged (see step 7 in Figure 1) . It is noted that the UE’s paging probability indicated by CN can vary from p0 to p100 with granularity of 5% as shown below [5]. 
	[bookmark: _Toc45832003][bookmark: _Toc51762956][bookmark: _Toc64382008][bookmark: _Toc73964526]9.2.1.158	WUS Assistance Information
This IE provides WUS Assistance Information to be used by eNB for determining the WUS group for the UE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Paging Probability Information
	M
	
	ENUMERATED(p00, p05, p10, p15, p20, p25, p30, p35, p40, p45, p50, p55, p60, p65, p70, p75, p80, p85, p90, p95, p100, …)
	Unit: percentage





In RAN, the eNB broadcasts paging probability thresholds to split the UEs into different subgroup sets (see step 6 in figure 1).  Using these thresholds, the eNB and UE derive the UE’s subgroup set based on the UE’s paging probability as per Table 7.5.2-1 of [6] (copied below as reference), and then both derive the subgrouping ID within the subgroup set based on the UE ID (to be used in step 8 of Figure 1) [6]. 
	Table 7.5.2-1: WUS group set definition when probThreshList is configured
	WUS group set
	probThreshList
	WUS group index in WUS groups list

	
	
	Lower bound
	Upper bound

	1
	PNAS ≤ Thresh1
	0
	Nth1 - 1

	2
	Thresh1 < PNAS ≤ Thresh2 (Note)
	Nth1
	Nth1 + Nth2 - 1

	3
	Thresh2 < PNAS ≤ Thresh3 (Note)
	Nth1 + Nth2
	Nth1 + Nth2 + Nth3 - 1

	4
	PNAS > Thresh3
	Nth1 + Nth2 + Nth3
	maxWG - 1

	where
	Threshi is the value signalled in the ith entry of probThreshList
	Nthi is the value signalled in the ith entry of groupsForServiceList
Note:	When the total number of WUS group sets is less than 4, the upper bound for the WUS group set with highest index is maxWG - 1.



If probThreshList is not present in gwus-Config, there is only one WUS group set containing all the WUS groups configured in numGroupsList. The total number of WUS groups is maxWG.
[bookmark: _Toc37235847][bookmark: _Toc46499553][bookmark: _Toc52492285]7.5.3	WUS group selection
After selection of the WUS group set as specified in clause 7.5.2, the UE selects the WUS group to monitor as below.
For BL UE or UE in enhanced coverage, the UE determines wg with following equation:

For NB-IoT, the UE determines wg with following equation:

where:
-	UE_ID, N, Ns, Nn and W are defined in clause 7.1.
-	Nw is the number of WUS groups in the selected WUS group set.
-	wg is the index of the WUS group in the selected WUS group set, determined as defined in clause 7.5.2, 0 .. Nw-1.
If probThreshList is not present, WG = wg. If probThreshList is present, the UE determines WG, the index of the corresponding WUS group within the WUS groups list, as defined in Table 7.5.3-1.
Table 7.5.3-1: Index of the WUS group to monitor
	Selected WUS group set
	WG

	1
	wg

	2
	wg + Nth1

	3
	wg + Nth1 + Nth2

	4
	wg + Nth1 + Nth2 + Nth3

	Where Nthi is defined in table 7.5.1 





RAN2 agreed in the previous meetings that the NW assignment of the paging subgrouping information based on individual UE characteristics, not specified or limited to paging probability as in EUTRA, but we believe the paging subgrouping framework from NB-IoT/eMTC could still be reused in NR to limit the impact to CN as much as possible. 
The WUS assistance information IE with values p0~p100 (21 codepoints) may provide finer granularity than the subgroups RAN supports. However, it could be reused and account for other UE characteristics as well not limited to the UE’s paging probability. For example, if it is based on the UE power profile, there might only be a few UE types and these may not require so many code points, e.g. we could assume two subsets from CN point of view, one for eMBB and the other for Redcap UEs, while there could be more subgroups within each subset in RAN, based on UE-ID as for NB-IoT. 
Such existing framework provides full flexibility to either having finer granularity at the CN than RAN, by allowingthe RAN to aggregate multiple codepoints from CN into the same subgroup set, or having finer granularity at RAN than CN, allowing the RAN to use multiple subgroups for each subgroup set or codepoint received from CN. 
Also, the framework leaves enough flexibility to the NW to decide which characteristics it prefers to assign to the different subgroups. For example, it could enable a simpler CN implementation without mandating it to estimate paging probability of all the UEs if it chooses to use other characteristics. The existing IE or a new IE could be defined to indicate the different characteristics, which is up to RAN3 to decide. 
Proposal 1: The NB-IoT framework is reused for subgroup assignment: 
a. CN provides subgrouping related information should allow to divide the UEs into different subgroup sets with the aim to isolate UEs with different characteristic (not necessarily limited to paging probability), rather than assigning the subgroup ID itself.
b. RAN broadcasts necessary configurations to split the UEs into different RAN-level subsets, as well as in a number of subgroups within each subset.
i. gNB and UE derive the subgroup set based on the subgrouping set configuration transmitted by the gNB and the subgrouping related information from CN.
ii. gNB and UE derive the subgrouping ID assigned to the UE within the UE’s subgroup set based on the UE ID and number of subgroups in the subset configuration. 
Then RAN can decide the total number of subgroups according to its PEI and PO configurations, coverage, and system load, etc. Thus, there is no need to limit the number of subgroups for the whole TA.
Proposal 2: RAN decides the number of subgroup sets and number of subgroups within each set, i.e. no need to have the limitation that the same number of subgroups should be used in all the cells within the TA.
If CN does not support subgrouping and RAN supports it, the UE’s subgroup should be based on only UE-ID for all the UEs.
While if CN supports subgrouping, but it does not assign subgrouping related information to all the UEs supporting subgrouping (if it is not mandatory), the UEs without explicit subgroup related assignment from CN should be allocated to the same subgroup set separated from the ones with explicit CN assignment or in a default subgroup. 
Proposal 3: The UEs without explicit subgroup related assignment from CN should be allocated to the same subgroup set separated from the UEs with explicit assignment or in a default subgroup.
3	Conclusion
In this contribution, we discuss further details on roles of CN and RAN for subgrouping assignment with the following proposals proposed:
Proposal 1: NB-IoT framework is reused for subgroup assignment: 
a. CN provides subgrouping related information to put the UEs into different subgroup sets to isolate UEs with different characteristic (not necessarily limited to paging probability), other than assigning the subgroup ID itself.
b. RAN broadcasts necessary configurations to split the UEs into different subsets, as well as number of subgroups within a subgroup subset.
a. gNB and the UE derive the subgroup set according to the subgrouping set configuration and the subgrouping related information from CN.
b. gNB and the UE derive the subgrouping ID for the UE within the subgroup set based on UE ID and number of subgroups in the subset configuration. 
Proposal 2: RAN decides the number of subgroup sets and number of subgroups within each set without limitation of same number of subgroups for all the cells within the TA.
Proposal 3: The UEs without explicit subgroup related assignment from CN should be allocated to the same subgroup set separate from the ones for the UEs with explicit assignment.
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