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1	Introduction
As outcome of the email discussion [Post116bis-e][080][ePowSav] Open Issues (Mediatek) [1], the following open issues were listed as company tdocs invited:
	Company tdocs invited
OI 1.4: RAN2 has a preference to support PEI with both DRX and eDRX; FFS on potential issues (e.g., PEI and PTW).
OI 1.5: FFS on the detailed NAS signalling between AMF and UE for CN assigned subgrouping. 
OI 1.6: 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.
OI 1.7: 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.
OI 1.8: Handling in scenarios where certain gNB within a RNA does not support CN controlled subgrouping
OI 1.9: When K=1, the PEI configuration can be either (1) subgroupConfig is absent (i.e., PEI without subgrouping) or (2) subgroupConfig is present and subgroupNumPerPO=1. FFS if UE PHY processing for DCI format 2_7 is the same.


In this paper, we focus on the ones that has RAN2 impact, i.e. 1.4 and 1.9. The other issues impacting other WGs are discussed in another paper [2].
2	Discussion
2.1	OI 1.9 K=1 in PEI
The following has been agreed in the previous meeting:
	RAN configuration (of subgrouping) includes the two parameters Nsg-UEID (number of UEID-based subgroups) and subgroupsNumPerPO (total number of subgroups in a PO):
- If only CN-assigned subgrouping is used, subgroupsNumPerPO is present (the value then equals to the number of CN-assigned subgroups), and Nsg-UEID is absent.
- If only UEID-based subgrouping is used, subgroupsNumPerPO and Nsg-UEID are present, and Nsg-UEID has the same value as subgroupsNumPerPO.
- If both subgrouping methods are used, both subgroupsNumPerPO and Nsg-UEID are present, and 0 < Nsg-UEID < subgroupsNumPerPO.
If network supports PEI but not subgrouping, the whole SubgroupConfig-r17 is absent. The parameter subgroupsNumPerPO is mandatory present if subgroupConfig-r17 is configured.


Before discussing the issue of whether UE PHY processing for DCI format 2_7 would be the same for the case of SubgroupConfig-r17 is absent and subgroupConfig is present with subgroupNumPerPO set to 1, we would like to first confirm whether there are UEs supporting PEI but neither UE-ID based nor CN-assignment based subgrouping since it would impact whether there will be separate bit in PEI for UE without subgrouping. It was discussed in the email discussion [Pre117-e][007][ePowSav] UE capabilities [3] where majority of the companies preferred UEs supporting PEI should at least support either UE-ID based subgrouping or CN-assignment.
From NW point of view, it was agreed it is possible to support PEI without subgrouping. But from UE point of view, it would only be able to benefit from PEI when the cell has PEI without subgrouping since otherwise if the cell supporting more than one subgroups the UE without subgrouping would not be able to find a corresponding bit for it, unless RAN1 introduce a separate bit which would increase the overhead. Since typical scenario should be that both NW and UEs supporting subgrouping, we should not introduce separate bit in PEI for no subgrouping UEs. It is also indicated in the RAN1 LS R1-2200768.
Proposal 1: confirm that no separate bit is needed in PEI for no subgrouping UEs (if any) when the cell supports more than one subgroup.
Even if there is such kind UEs, they would not be able to benefit from PEI when the cell supports more than one subgroup. It is not much different from other cases when the UE capability and NW supporting features are not matched, e.g. the UE supporting UE-ID based/CN assignment based but the NW does not, it needs to monitor PO like in legacy. Another option would be to monitor PO as long as any subgroup is paged if the UE detects PEI, but it might even increase the power consumption for PEI monitoring if for most cases it indicates wake up for PO. To make best use the defined Rel-17 feature, all the UEs supporting PEI should at least support either UE-ID based subgrouping or CN-assignment.
Proposal 2: all the UEs supporting PEI should at least support either UE-ID based subgrouping or CN-assignment.
As agreed in the previous meeting, when SubgroupConfig-r17 is absent, the cell supports PEI without subgrouping, one bit per PO in PEI would indicate whether any UE supporting PEI is paged in the associated PO. While if subgroupConfig is present and subgroupNumPerPO=1, also only one bit needed in PEI is needed for each PO. Depends on whether Nsg-UEID is present, it indicates the bit is for UE-ID based UEs or for CN-assignment based UEs. Thus, we do not see a need to have different PHY processing for DCI format 2_7 for the two cases. It is how current PHY specification has assumed anyway.
Proposal 3: when SubgroupConfig-r17 is absent or SubgroupConfig-r17 is present with subgroupNumPerPO = 1, there is 1 bit per PO in PEI, i.e. the PHY processing for DCI format 2_7 is the same.
How the bit is interpreted for the different cases was discussed a bit in the email discussion [Pre117-e][004][ePowSav] PEI and paging subgrouping [4] where companies views are diverged on the following issues, e.g. 
(1) whether “no subgroup” is equivalent to 1 subgroup; 
(2) If they are not equivalent, if Nsg-UEID is absent, whether the bit is applicable to all the CN assignment UEs or only to CN assigned ID = 1; 
(3) If only 1 bit for CN assignment, would there be UEs with CN assignment ID >1 and what is their behaviour.
Our understanding forbit interpretation for different cases are as follows:
If SubgroupConfig-r17 is absent, it should be applicable to all the UEs supporting PEI, including UEs supporting UE ID based and CN-assignment based regardless of its assigned subgroup ID. 
If subgroupNumPerPO = 1 and Nsg-UEID=1, the bit is for all the UEs supporting UE-ID based subgrouping. 
If subgroupNumPerPO=1 and Nsg-UEID is absent, the bit is for the UEs supporting CN assignment. It needs to be further decided whether it is limited to CN-assigned subgroup ID=1 or all the CN-assignment based UEs regardless of its assigned subgroup ID. It could be for all the CN-assignment based UEs, in a sense, it means remapping of CN assigned subgroup to the PHY bit though which is against the previous agreement of no remapping. It could also make sense to limit only to the UEs with CN assigned subgroup ID = 1 to protect at least the subgroup that requires most power saving gain. UEs with CN assigned subgroup ID > 1 will monitor PO as in legacy. 
Proposal 4: when there is only one bit in PEI for each PO, the one bit is interpreted different based on the parameters in SIB:
-	if SubgroupConfig-r17 is absent, the bit is interpreted as for all the UEs supporting PEI, including UEs supporting UE-ID based, with CN-assignment regardless of the CN assigned group ID;
-	if subgroupNumPerPO=1 and Nsg-UEID = 1, the bit is for the UEs supporting UE-ID based subgrouping;
-	if subgroupNumPerPO=1 and Nsg-UEID is absent, discuss if the bit is for the UEs with CN-assignment subgroup ID = 1 or for all the CN-assignment UEs regardless of its assigned subgroup ID.
If for subgroupNumPerPO = 1 and Nsg-UEID is absent case, the bit is only for the UEs with CN assigned subgroup ID = 1, in principle it could be generalised to more than one bit as well so that even if without remapping, if the UE’s CN-assigned subgroup is larger than the number of bits available for CN assignment subgroups, the UE could monitor PO as in legacy. Thus, for the open issue 1-3 and 1-12 listed from the 38.304 discussion, there seems to be no need to have the artificial restriction of all the cells within the registration area supports the same number of CN assigned subgroups. For all the cases, any UE that cannot find a corresponding bit for its subgroup ID should monitor PO like in legacy. 
	1-3
	For the cases when UE cannot determine its subgroup based on the configuration of a cell, or cannot find the corresponding bit for its subgroup in the PEI, e.g. UE only supports UEID-based and the cell only supports CN-assigned, FFS whether these cases are valid, how to determine UE subgrouping, or how to monitor paging for these cases.

	
	Type 2 or Type 1?

	1-12
	Whether need a note in spec on this agreement:
“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”
	This is related to running CR
	Type 3


Proposal 5: for a UE that cannot find a corresponding bit for its subgroup ID, e.g. the UE does not support UE-ID based but the NW only indicate bits for UE-ID based, or the UE does not support CN-assignment and the NW indicates only bits for CN assignment based, or the NW indicates less bits for CN assignment based than the UE’s CN assigned group ID, it monitors PO like in legacy.
Proposal 6: remove the assumption of the restriction of all the cells within the registration area supports the same number of CN assigned subgroups.
2.2	OI 1.4 eDRX
It is suggested in [5][6] that “with eDRX, For UE-ID based subgroups, UE_ID is defined as 5G-S-TMSI mod X, where X is 32768 (1024*4*8)”. While [7][8][9] suggests no change is needed compared to without eDRX. More bits of UE_ID is used for eDRX for PH calculation to ensure evenly distribution of the PTW and POs of different UEs within the eDRX cycle. While UE-ID used for UE-ID based subgroup ID derivation would result in at most 8 subgroups, the extra bits from UE-ID for eDRX calculation is rather useless. Note that UE_ID_H with more bits is only used for PH calculation but not for PO calculation within the PTW for eDRX. Same formula as for DRX should be enough for subgroup ID calculation for eDRX.
Proposal 7: Same formula with same number of bits for UE-ID as for DRX is used for subgroup ID calculation for eDRX.
3	Conclusion
The following proposals are proposed in this contribution:
Proposal 1: confirm that no separate bit is needed in PEI for no subgrouping UEs (if any) when the cell supports more than one subgroup.
Proposal 2: all the UEs supporting PEI should at least support either UE-ID based subgrouping or CN-assignment.
Proposal 3: when SubgroupConfig-r17 is absent or SubgroupConfig-r17 is present with subgroupNumPerPO = 1, there is 1 bit per PO in PEI, i.e. the PHY processing for DCI format 2_7 is the same.
Proposal 4: when there is only one bit in PEI for each PO, the one bit is interpreted different based on the parameters in SIB:
-	if SubgroupConfig-r17 is absent, the bit is interpreted as for all the UEs supporting PEI, including UEs supporting UE-ID based, with CN-assignment regardless of the CN assigned group ID;
-	if subgroupNumPerPO=1 and Nsg-UEID = 1, the bit is for the UEs supporting UE-ID based subgrouping;
-	if subgroupNumPerPO=1 and Nsg-UEID is absent, discuss if the bit is for the UEs with CN-assignment subgroup ID = 1 or for all the CN-assignment UEs regardless of its assigned subgroup ID.
Proposal 5: for a UE that cannot find a corresponding bit for its subgroup ID, e.g. the UE does not support UE-ID based but the NW only indicate bits for UE-ID based, or the UE does not support CN-assignment and the NW indicates only bits for CN assignment based, or the NW indicates less bits for CN assignment based than the UE’s CN assigned group ID, it monitors PO like in legacy.
Proposal 6: remove the assumption of the restriction of all the cells within the registration area supports the same number of CN assigned subgroups.
Proposal 7: Same formula with same number of bits for UE-ID as for DRX is used for subgroup ID calculation for eDRX.
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