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[bookmark: _Ref165266342]1 Introduction
In RAN2#116bis meeting, some agreements about paging enhancement are concluded as below:
· 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.
· RAN2 aims to Support PEI and subgrouping with eDRX. FFS the impact. 
· RAN2 assumes that there is no particular impact to Uu signalling to support RAN sharing. It is further assumed that Core Networks must have consistent policy if subgrouping is used by multiple Core Networks. 
· RAN2 assumes that PEI can be used “without” subgrouping. FFS whether the bits in the PEI for subgrouping then need to have any particular meaning, or whether this would be done by just having one subgroup. 
· RAN2 assumes that PEI monitoring can not be specifically enabled/disabled for individual UEs.
· PEI subgroup indices are allocated to CN-assigned subgroups first. The 1st bit in the PEI bitmap corresponds to the CN-assigned subgroup #1, 2nd bit in the bitmap corresponds to the CN-assigned subgroup #2, and so on. After CN-assigned subgroups, the subsequent bits, if any, correspond to the UEID-based subgroup #1, #2, and so on.
· Both subgroupNumPerPO and Nsg-UEID range from 1 to 8.
· If network supports PEI but not subgrouping, the whole SubgroupConfig-r17 is absent. The parameter subgroupsNumPerPO is mandatory present if subgroupConfig-r17 is configured.
· UE is configured to monitor PEI, either only in the last used cell or any other cells (after cell reselection). FFS how the configuration is provided in [SI, RRCRelease, or NAS message].
· If a cell supports both UE identity based and CN assigned subgrouping, for UEID based paging subgrouping, UE belongs to k-th paging subgroup, where
[bookmark: _GoBack]	- k = [floor (UE Identity/(N*Ns)) mod Nsg-UEID] + Nsg-CN, 

	- N is the number of Paging frames, 
	- Ns is the number of POs per paging frame, 
	- Nsg-UEID is the number of UEID-based paging subgroups, and 
	- Nsg-CN is the number of CN assigned paging subgroups (= subgroupNumPerPO - Nsg-UEID).
In RAN2#117 meeting, companies are invited to discuss the following open issues:
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.
Therefore in this contribution, we will discuss some of these open issues. 
2 Discussion
2.1 OI-1.4 for eDRX
In early RAN2#116 meeting, RAN2 had a preference to support PEI with both DRX and eDRX, but some potential issues are FFS. Firstly we would like to discuss and confirm the subgrouping formula for eDRX. According to PO determination in TS 38.304, UE-ID is calculated by using 5G-S-TMSI mod 1024. The main reason is that the maximum paging cycle is 256 radio frame, if N is set to oneT and Ns is set to 4, it means there are up to 256*4 (N*Ns) POs in one paging cycle. Generally UE will be assigned sequentially to one of these POs based on UE-ID.
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
	(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
	i_s = floor (UE_ID/N) mod Ns


Fig.1 Example of PO determination
Fig.1 is an example of PO determination (T=8, N=8, Ns=2, offset=0), here is an issue about UE-ID calculation. If UE-ID is less than N*Ns (i.e. Num of POs in one cycle), for example, UE-ID is calculated by using 5G-S-TMSI mod 8 (rather than a value is greater than 16), UE who previously stands for 8 ~15 will now become 0 ~ 7, then it turns out the PO i_s = 1 will not be used. Therefore we can see that the general principle is UE-ID should be greater than total number of POs in one paging cycle.
Observation 1: Some POs will remain unused if UE-ID is not greater than the total number of POs in one paging cycle.
According to the current TS 38.304 running CR [1] for subgrouping formula, the subgroup ID is derived below:
SubgroupID = floor(UE_ID/(N*Ns)) mod Nsg_UEID
Considering subgrouping is introduced, we can assume subgroups within one PO also can stand for a type of “PO”. Therefore we can conclude that there will be N*Ns* subgroupNumPerPO in one paging cycle. For eDRX scenario, if eDRX cycle is no longer than 1024 radio frames, T = eDRX value, which means the maximum of N could be 1024. Thus the maximum total number of POs can be 1024*4*8, UE-ID generally should not be less than this value. Plus we prefer set UE-ID to this value.
Proposal 1: Confirming that for eDRX scenario, UE-ID is calculated by using 5G-S-TMSI mod 32768 (1024*4*8).
There is another issue for eDRX. Referring to LTE eDRX mechanism in TS 36.304, (G)WUS can be mapped to multiple paging cycles for one UE. When eDRX is used and the UE detects WUS, the UE shall monitor the following numPOs POs (i.e. mapping relationship) or until a paging message is received, whichever is earlier. If the UE does not detect WUS, the UE is not required to monitor the following PO(s). 
Now that the PEI mechanism does not support such a mapping relationship, some detailed design and parameters will be introduced if we do so. Considering the time line, we don’t think additional enhancement is required. That is to say UE can monitor PEI as legacy during PTW (i.e. PEI is applied to the corresponding PO in every paging cycle within PTW).
Proposal 2: No additional enhancement for PEI mapping is required.
2.2 OI-1.7 for signalling interaction between gNBs
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. Firstly we would like to go over the RAN paging mechanism as Fig.2 shows:


Fig.2 RAN paging procedure
UE in RRC_INACTIVE means CN still keep CM-CONNECTED, when data is coming from CN to anchor gNB, the anchor gNB will initial RAN paging procedure. Besides paging UE in current cell, it also sends RAN paging (Xn message) to other gNBs within RNA for providing paging information. This Xn RAN paging message includes UE RAN Paging Identity (i.e. I-RNTI), UE Identity index (i.e. UE-ID), UE specific DRX and so on. Some of these IE (e.g. UE-ID, specific DRX) are from Core Network Assistance Information for RRC INACTIVE provided by CN as UE context, so that the other gNBs can use such UE context to calculate paging occasions according to PO formula.
Observation 2: Core Network Assistance Information for RRC INACTIVE provided by CN includes paging information such as UE-ID, UE specific DRX for calculating paging occasions.
Likewise, the CN subgroup ID can also be included in Core Network Assistance Information for RRC INACTIVE as UE context, if anchor gNB wants to page UE who has a CN subgroup ID, it sends the CN subgroup ID to other gNB via Xn RAN paging message, so that other gNB capable of subgrouping can use this UE context to page UE. However this issue is related to RAN3, maybe some confirmations is needed from RAN3 perspective.
Proposal 3: The CN subgroup ID can be included in Core Network Assistance Information for RRC INACTIVE as UE context for subgrouping RAN paging.
Proposal 4: When anchor gNB initials RAN paging, it sends Xn RAN paging message including CN subgroup ID to other gNBs within RNA for subgrouping RAN paging.
2.3 OI-1.8 for gNB not supporting CN subgrouping
It is FFS the handling in scenarios where certain gNB within a RNA does not support CN controlled subgrouping. From our point of view, there are some cases for this scenario:
1. gNB does not support PEI
As subgrouping belongs to PEI mechanism, if UE with a CN subgroup ID moves into a gNB not supporting PEI, it is simple that UE just check the system information, if this gNB does not support PEI, then UE directly monitor the corresponding PO (i.e. no subgrouping mechanism).
2. gNB support PEI but subgroupConfig is absent
That means there is no subgrouping mechanism at all (i.e. both UE-ID based and CN based), as now the details of PEI without subgrouping is being discussed in pre-discussion part. We can assume that UE can just use PEI without subgrouping by checking system information about PEI.
3. gNB support PEI with UE-ID based subgrouping but does not support CN subgrouping
For this scenario, we assume that gNB can broadcast subgroupConfig with subgroupsNumPerPO equals Nsg-UEID, to implicitly indicate there is no CN subgrouping. So UE still can check system information to acknowledge that the gNB does not support CN subgrouping. Furthermore we think then UE can use UE-ID based subgrouping even it has been assigned a CN subgroup ID.
And we don’t think this is a valid case where gNB does not support CN subgrouping but subgroupsNumPerPO not equals Nsg-UEID.
Proposal 5: gNB can implicitly indicate it does not support CN subgrouping via broadcast information as following:
	- there is no broadcasting for PEI information 
	- gNB broadcast PEI without subgroupConfig
	- gNB broadcast subgroupConfig with subgroupsNumPerPO equals Nsg-UEID
2.4 OI-1.9 for the clarification of subgroupConfig
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 [2].
According to RAN1 agreement, K=1 means there is only one bit in PEI for the corresponding PO, since RAN2 has concluded that subgroupNumPerPO is range from 1 to 8, there is no case of “subgroupNumPerPO=0”. Therefore, there are two configurations with the same PHY behaviour of PEI:
1. subgroupConfig is absent
2. subgroupConfig is present and the subgroupNumPerPO = 1
We prefer to use “SubgroupConfig is absent” to indicate the PEI without subgrouping as like the current running CR. When SubgroupConfig is present, it means gNB support PEI with subgrouping, but actually it requires at least 2 bits to realize subgrouping. So what is the meaning of “subgroupNumPerPO = 1”?
To our understanding, we should be careful about such configurations, if a UE is not be assigned a subgroup ID from CN when subgroupNumPerPO = 1 and Nsg-UEID is absent, the behaviour of UE could be confusing that whether this UE without a subgroup ID can use this PEI (SubgroupConfig is present) or not. In other word, if a UE is assigned CN subgroup#1, what is the difference between UE with subgroup ID and UE without subgroup ID? Thus we think this issue need to be further clarified.
Proposal 6: RAN2 is suggested to define the meaning of subgroupNumPerPO = 1.
Proposal 7: RAN2 is suggested to consider whether UE without subgroup ID can use PEI with SubgroupConfig presented and subgroupNumPerPO = 1.
3 Conclusions
Observation 1: Some POs will remain unused if UE-ID is not greater than the total number of POs in one paging cycle.
Observation 2: Core Network Assistance Information for RRC INACTIVE provided by CN includes paging information such as UE-ID, UE specific DRX for calculating paging occasions.
Proposal 1: Confirming that for eDRX scenario, UE-ID is calculated by using 5G-S-TMSI mod 32768 (1024*4*8).
Proposal 2: No additional enhancement for PEI mapping is required.
Proposal 3: The CN subgroup ID can be included in Core Network Assistance Information for RRC INACTIVE as UE context for subgrouping RAN paging.
Proposal 4: When anchor gNB initials RAN paging, it sends Xn RAN paging message including CN subgroup ID to other gNBs within RNA for subgrouping RAN paging.
Proposal 5: gNB can implicitly indicate it does not support CN subgrouping via broadcast information as following:
	- there is no broadcasting for PEI information 
	- gNB broadcast PEI without subgroupConfig
	- gNB broadcast subgroupConfig with subgroupsNumPerPO equals Nsg-UEID
Proposal 6: RAN2 is suggested to define the meaning of subgroupNumPerPO = 1.
Proposal 7: RAN2 is suggested to consider whether UE without subgroup ID can use PEI with SubgroupConfig presented and subgroupNumPerPO = 1.
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