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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last RAN2#116 e-meeting, the following agreements were achieved on paging subgrouping.
	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. 



In this contribution, we would like to further give our consideration on the leftovers of paging subgrouping.
Discussion
1.1. Range and optionality of the RRC parameters
In [1], the exact range and possible optionality of subgroupsNumPerPO-r17 and subgroupsNumforUEID-r17 are TBD.
	PEI-Config-r17 ::=             SEQUENCE {
pei-SearchSpace-r17               FFS,
subgroupConfig-r17               SubgroupConfig-r17                    OPTIONAL,              -- Need R
...
}

SubgroupConfig-r17 ::=         SEQUENCE {
subgroupsNumPerPO-r17                       INTEGER (FFS.. maxNrofPagingSubgroups-r17),
    subgroupsNumforUEID-r17                     INTEGER (FFS.. maxNrofPagingSubgroups-r17)
...
}


The field subgroupConfig-r17 is optional present. If subgroupConfig-r17 is absent, it means the RAN doesn’t support paging subgrouping at all. If subgroupConfig-r17 is present, it means that the RAN supports paging subgrouping and subgroupsNumPerPO-r17 should be always present in this case. The maximum value of subgroupsNumPerPO-r17 is maxNrofPagingSubgroups-r17 = 8. For the minimum value, the total number of paging subgrouping is 2 at least if paging subgrouping is supported in the RAN. Since INTEGER (2..8) requires 3 bits anyways, we could extend for free the minimum value to 1 but such value would never be used, and introduce confusion. Therefore we prefer to keep “2” as minimum value of subgroupsNumPerPO-r17.  
Proposal 1: Confirm subgroupConfig-r17 is optional present. If subgroupConfig-r17 is absent, it means the RAN doesn’t support paging subgrouping.
Proposal 2: Confirm subgroupsNumPerPO-r17 is mandatory present within subgroupConfig-r17.
Proposal 3: The minimum value of subgroupsNumPerPO-r17 is 2.
subgroupsNumforUEID-r17 indicates both the number of subgroups for UEID-based subgrouping and whether RAN does not support UEID-based subgrouping or does not support CN-assigned subgrouping. The latter case is obviously implicitly derived when subgroupsNumforUEID-r17 = subgroupsNumPerPO-r17.
For the range of subgroupsNumforUEID-r17, it can be [1..8] or [0..7]. With [1..8] the total number of CN-assigned subgrouping is directly derived as subgroupsNumPerPO-r17 - subgroupsNumforUEID-r17. For the no-support of UEID-based subgrouping, it can be indicated by either making the field optional or adding one value (e.g. ‘0’) to the above range. If RAN doesn’t support UE ID based subgrouping, it takes 1 bit to indicate in the former case (field optional), and 3 bits in the latter case (‘0’). 
Thus, optional present with range [1..8] is more straightforward for field subgroupsNumforUEID-r17.
Proposal 4: The range of subgroupsNumforUEID-r17 is 1 to 8. The field is optional present. If it is absent, it means RAN doesn’t support UE ID based subgrouping.
Proposal 5: The total number of CN-assigned subgrouping in RAN= subgroupsNumPerPO-r17 - subgroupsNumforUEID-r17 if subgroupsNumforUEID-r17 is present, subgroupsNumPerPO-r17 otherwise.
1.2. [bookmark: _Ref92730545]Bitmap of CN-assigned and UEID-based subgroup bits
We agreed both UEID based and CN-assigned subgrouping can be supported simultaneously in a cell with no overlapping. Thus, the subgrouping info per PO in PEI includes both UEID based subgrouping and CN-assigned subgrouping. RAN1 organized the PEI in K-bit segments, where each segment indicates a PO and each bit in a segment indicates a subgroup. There are two possible ways to indicate CN-assigned subgrouping within the K bits in PEI.
· Option 1: The leftmost bit of the subgrouping info per PO in PEI is UEID based subgrouping. CN assigned subgroupings are indicated after UEID based subgroupings in sequence.
An example is shown below.


· Option 2: The leftmost bit of the subgrouping info per PO in PEI is CN assigned subgrouping. UEID based subgroupings are indicated after CN assigned subgroupings in sequence.


Option 1 keeps the current formula for UEID based subgrouping ID unchanged in running 38.304 CR [2]. And, given subgroupsNumforUEID-r17 is an explicit parameter known by both RAN and UE, it is straightforward for both to translate the CN-assigned subgroup Nsg-CN in Nsg-CN + subgroupsNumforUEID-r17 (CN does not need to know). Hence, we prefer Option 1.
Proposal 6: When the subgrouping info per PO in PEI includes both UEID based subgrouping and CN-assigned subgrouping, the leftmost bit of the subgrouping info per PO in PEI is UEID based subgrouping. CN-assigned subgroups are indicated after UEID based subgroups in sequence.
1.3. [bookmark: _Ref92732232]Subgrouping and PEI Capabilities
According to the RAN1 LS [3], RAN1 leaves it to RAN2 to decide if separate capabilities are foreseen for UE subgroup indication and PEI:

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

	
	
	
	UE does not support paging enhancement
	Per UE
	N
	N
	N
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
Leave RAN2 to decide whether ‘optional with capability signalling’ or ‘optional without capability signalling’ 
Leave RAN2 to decide whether Need for the gNB to know if the feature is supported is Yes or No
	Optional 



We believe it would make sense that a UE only supports PEI and not paging subgrouping, given RAN1 showed the latter only provides little power saving benefit and considering subgrouping has now become quite rich and flexible, supporting PEI only can decrease the UE complexity.

Proposal 7: PEI and subgrouping are separate capabilities: a UE can support PEI without supporting subgrouping.
Then, considering the bitmap discussion of Section 2.2, how should a UE supporting PEI-only decode the PEI, checking if its PO receives a paging DCI? We see two options:
Option 1: The UE monitors all subgroups for its PO, and if any of them is indicated i.e. if any of the (iPO*K + iSG)-th bit is set to 1, the UE monitors the PO. 

Option 2: UE not supporting subgrouping is the same as UE is assigned iSG = 0.

Option 1 is the same as if the UE would not be assigned any subgroup and would then monitor all subgroups for its PO, which somehow defeats the purpose of not supporting subgrouping. Therefore, we prefer Option 2 for its simplicity.

Proposal 8: A UE supporting PEI without supporting subgrouping monitors the PEI bit associated with subgroup 0 of the subgroup bitmap.
In addition, this solution should be adopted for all cases where the UE cannot use any subgrouping mechanism directly. An exhaustive analysis of the UE behavior considering the capability combinations yields the list of following cases:
· RAN supports any subgrouping mechanism while UE supports CN based subgrouping only. A CN assigned subgrouping ID is not assigned by CN yet.
· RAN supports CN subgrouping mechanism only. UE supports both subgrouping mechanisms. A CN assigned subgrouping ID is not assigned by CN yet.
· RAN supports CN subgrouping mechanism only. But UE supports UEID based subgrouping only.
· RAN supports UEID subgrouping mechanism only while UE supports CN based subgrouping only.
Proposal 9: A UE also monitors the PEI bit associated with subgroup 0 of the subgroup bitmap in the following cases:
· RAN supports any subgrouping mechanism while UE supports CN based subgrouping only. A CN assigned subgrouping ID is not assigned by CN yet.
· RAN supports CN subgrouping mechanism only. UE supports both subgrouping mechanisms. A CN assigned subgrouping ID is not assigned by CN yet.
· RAN supports CN subgrouping mechanism only. But UE supports UEID based subgrouping only.
· RAN supports UEID subgrouping mechanism only while UE supports CN based subgrouping only.
Conclusion
In this contribution, we discuss our consideration on the leftovers of paging subgrouping, including the exact range and possible optionality of RRC parameters, bitmap of CN-assigned and UEID-based subgroup bits, subgrouping and PEI Capabilities. And we propose:
Proposal 1: Confirm subgroupConfig-r17 is optional present. If subgroupConfig-r17 is absent, it means the RAN doesn’t support paging subgrouping.
Proposal 2: Confirm subgroupsNumPerPO-r17 is mandatory present within subgroupConfig-r17.
Proposal 3: The minimum value of subgroupsNumPerPO-r17 is 2.
Proposal 4: The range of subgroupsNumforUEID-r17 is 1 to 8. The field is optional present. If it is absent, it means RAN doesn’t support UE ID based subgrouping.
Proposal 5: The total number of CN-assigned subgrouping in RAN= subgroupsNumPerPO-r17 - subgroupsNumforUEID-r17 if subgroupsNumforUEID-r17 is present, subgroupsNumPerPO-r17 otherwise.
Proposal 6: When the subgrouping info per PO in PEI includes both UEID based subgrouping and CN-assigned subgrouping, the leftmost bit of the subgrouping info per PO in PEI is UEID based subgrouping. CN-assigned subgroups are indicated after UEID based subgroups in sequence.
Proposal 7: PEI and subgrouping are separate capabilities: a UE can support PEI without supporting subgrouping.
Proposal 8: A UE supporting PEI without supporting subgrouping monitors the PEI bit associated with subgroup 0 of the subgroup bitmap.
Proposal 9: A UE also monitors the PEI bit associated with subgroup 0 of the subgroup bitmap in the following cases:
· RAN supports any subgrouping mechanism while UE supports CN based subgrouping only. A CN assigned subgrouping ID is not assigned by CN yet.
· RAN supports CN subgrouping mechanism only. UE supports both subgrouping mechanisms. A CN assigned subgrouping ID is not assigned by CN yet.
· RAN supports CN subgrouping mechanism only. But UE supports UEID based subgrouping only.
· RAN supports UEID subgrouping mechanism only while UE supports CN based subgrouping only.
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