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1. [bookmark: _Ref165266342]Introduction
After RAN2#116bis-e meeting, a list of open issues has been summarized in [1]. The following open issues are considered as “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 an 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.


This contribution is for the above remaining open issues on paging subgrouping and PEI.
2. Discussion
OI 1.4: RAN2 has a preference to support PEI with both DRX and eDRX; FFS on potential issues (e.g., PEI and PTW).
In RAN2#116-e, it was agreed that “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.” eDRX supporting UEs are assumed to support the UE capability on PO determination. Considering paging subgrouping is used to subgroup the UEs in one PO, it can be supported no matter eDRX is configured or not. We will discuss the following cases for PEI in eDRX:
· Case1: When eDRX cycle is not longer than 10.24s.
· Case2: When eDRX cycle is longer than 10.24s.
In case 1, there is no PTW, UE monitors PEI before PO according to the parameters PEI-F_offset which represents the frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O to the start of a reference frame for PEI-O. In this case, there is no difference from normal DRX case.
In case 2, the PTW will be configured. In our understanding, the case is similar to the (G)WUS case in LTE. For a UE in LTE, the (G)WUS can be associated with one or multiple paging occasion(s) in a PTW. Hence, if we apply the same mechanism in NR, the offset between PO and PEI-O is different from the normal DRX case and new parameters may need to be introduced, besides the number of PO for a UE corresponding to the PEI needs to be indicated. Considering the design complexity, we prefer to take a simple method. The paging subgrouping in eDRX case with or without PTW is same as normal DRX case. i.e. a unified solution is applied.
Proposal 1: Paging subgrouping could be applied to the case no matter eDRX is configured or not. The paging subgrouping in eDRX case with or without PTW is same as normal DRX case.

Another issue is regarding UE_ID used for UE_ID based subgrouping in eDRX case.
In the RAN2#116e meeting, we reached the following agreement: “For UE-ID based subgroups the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*8). ”. Furthermore, Rel-17 RedCap WI agreed that “UE_ID for eDRX is defined by 5G-S-TMSI mod 4096”. Based on the current TS 38.304 running CR [2], the subgroup ID for UE-ID based subgrouping is derived from the formula below:
SubgroupID = floor(UE_ID/(N*Ns)) mod Nsg_UEID
In normal DRX case, the maximum value of N is 256, UE_ID = 5G-S-TMSI mod (256*4*8)
In eDRX case, the maximum value of N is 1024, UE_ID = 5G-S-TMSI mod (1024*4*8)
Therefore, For UE_ID based subgroups in eDRX case, the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*4*8). In our understanding, even we apply the UE_ID in eDRX case for normal DRX case, there is no impact on the calculation of above formula. How to capture UE_ID used for UE_ID based subgrouping in eDRX and normal DRX cases can be left to rapporteur for running CR.
Proposal 2: For UE_ID based subgrouping in eDRX case, the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*4*8).

OI 1.5: FFS on the detailed NAS signalling between AMF and UE for CN assigned subgrouping.
Regarding the detailed NAS signalling between AMF and UE for CN assigned subgrouping, In the discussion on 23.501, e.g.in S2-2108959, the registration procedure is used for initial subgroup assignment and further update. 

 
Figure 1:  CN Controlled subgrouping procedure
We may take Figure 1 as an example. CN assigned subgrouping procedure includes below steps:
1. UE initiates the registration procedure, which indicates the support of CN assigned subgrouping. 
2. CN performs subgrouping assignments.
3. UE is configured with CN subgroup ID via Registration Accept message.
4. AMF transfers the assigned CN subgroup ID to gNB. 
5. Arrival/generation of paging message for the UE
6. The gNB sends PEI to UE.

But anyway, the detailed NAS signalling between AMF and UE for CN assigned subgrouping should be discussed and decided in SA2/CT1. There is no action in RAN2 by now. 

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.
In RAN3#114bis-e, it was agreed that:
	The CN provides subgroup ID included in subgroup information.
Include UE paging subgroup information into the NG Paging message for CN paging.
Introduce UE subgroup information into NGAP Core Network Assistance Information.
Introduce UE paging subgroup information into F1 Paging message for paging a UE in RRC_INACTIVE/RRC_IDLE.
Adopt the terminology "PEIPS Assistance Information" as the IE name to align with SA2 terminology, containing a CN subgroup ID.
The CN assigned subgroup ID is encoded as 0…7. (note: further checking may be needed)
Add some clarification on stage 2 behaviour related PEIPS assistance information for RRC INACTIVE for TS38.300.



It’s straightforward that the CN provides CN assigned subgroup ID (0…7) included in subgroup information (so called PEIPS Assistance Information). Hence, this open issue can be closed.

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.
In RAN3 BL CR[4] for TS 38.423, the PEIPS assistance information is included in the XnAP Paging message, which is used to inform each other about the UE’s subgroup for RAN paging. PEIPS assistance information contains CN Subgroup ID.
If the paging subgrouping feature is not restricted to the last serving cell, above CR can be adopted, then this open issue can be closed.
If the paging subgrouping feature is restricted to the last serving cell, above signalling between gNBs is not needed. 
OI 1.8: Handling in scenarios where certain gNB within an RNA does not support CN controlled subgrouping
This open issue was raised in [1]. This is regarding the case where the PEI mechanism is not restricted to a single cell, but there might be scenarios that certain gNB within an RNA does not support CN controlled subgrouping. In this case, the last serving gNB may not be able to transfer CN subgrouping related information for RAN paging to the certain gNB. However, in our view, the gNB could broadcast SI, which indicates the PEI usage for “foreign” UEs. And, in RAN2#116bis-e, the following agreement was made:
	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.



Based on the above agreement, even though certain gNB within an RNA does not support CN-controlled subgrouping, UE could identify whether the gNB uses CN-assigned subgrouping or UE_ID-based subgrouping according to the parameters in SI. 
Therefore, there should be no problem in the scenario where certain gNB within an 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.
From RAN1 perspective, “K=1” means one bit in PEI in DCI format 2_7. 
From RAN2 perspective, the PEI configuration can be (1) PEI without subgrouping, or (2) subgroupConfig is present and subgroupNumPerPO=1. 
In the case (1) “PEI without subgrouping”, the UE could still process PEI. Considering the UE not supporting subgrouping cannot identify the bit in DCI 2_7, we could define an approach how to deal with the PEI, e.g. once the PEI is received by the UE, then, the UE should wake up for PO monitoring or one additional bit should be included in the PEI for the UEs not supporting subgrouping. But this detailed behaviour could be left to RAN1 decision.
In the case (2) “subgroupConfig is present and subgroupNumPerPO=1”, UE can read this 1-bit bitmap in DCI format 2_7. 
Therefore, UE PHY processing for DCI format 2_7 is different for the above two cases.
Proposal 3: When K=1, UE PHY processing for DCI format 2_7 is different for the case (1): subgroupConfig is absent, and case (2): subgroupConfig is present and subgroupNumPerPO=1. 
· For case (1): New approach should be defined on how to deal with PEI, e.g. introducing 1 additional bit in PEI for this case or based on the presence of PEI;
· For case (2): UE could process PEI as usual.
3. Conclusions
In this contribution, we discussed the open issues classified as “Company tdocs invited” type. Based on the discussion, we have the following proposals:
Proposal 1:	Paging subgrouping could be applied to the case no matter eDRX is configured or not. The paging subgrouping in eDRX case with or without PTW is same as normal DRX case.
Proposal 2:	For UE_ID based subgrouping in eDRX case, the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*4*8).
Proposal 3:	When K=1, UE PHY processing for DCI format 2_7 is different for the case (1): subgroupConfig is absent, and case (2): subgroupConfig is present and subgroupNumPerPO=1. 
· For case (1): New approach should be defined on how to deal with PEI, e.g. introducing 1 additional bit in PEI for this case or based on the presence of PEI;
· For case (2): UE could process PEI as usual.
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