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1 Introduction
In this contribution, we discuss open issues for UE identity based paging subgrouping. 

2 Discussion
2.1 Subgroup identification based on UE Identity 


According to RAN2 #113bise agreement, UE identity based subgrouping is supported. Paging with UE identity based subgrouping is only used in the cell which supports UE identity based subgrouping. Cell indicates its support for UE identity based subgrouping by signaling Nsg-UEID (i.e. number of subgroups for UE identity based subgrouping). 
Open Issue 1: Formula to determine UE’s subgroup based on UE identity

According to running CR [4], the subgroup of the UE is determined by a formula (details FFS).
In the existing paging design, UE uses UE identity to determine its PF and PO, where

· 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
Different LSBs of UE identity are used to determine the PF and PO. 1st log2N LSBs of 5G-S-TMSI are used to determine PF. Next log2Ns LSBs of 5G-S-TMSI are used to determine PO. In order to reduce unnecessary paging receptions, UEs monitoring the same PO needs to be grouped into various subgroups. So the LSBs of UE identity which are not used for determining the PF and PO needs to be used for subgrouping, as shown in Figure 1. 
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Figure 1
According to the above principle, a UE belongs to kth paging subgroup, where ‘k’ = floor (UE Identity/(N*Ns)) mod P, where,
·  N is the number of Paging frames 
·  Ns is the number of POs per paging frame

·  P is the number of UE identity based paging subgroups (P) 
The number of paging subgroups can be signaled in system information like the other paging parameters.
Proposal 1:    For UE identity based paging subgrouping, UE belongs to kth paging subgroup, where ‘k’ = floor (UE Identity/(N*Ns)) mod P, where N is the number of Paging frames, Ns is the number of POs per paging frame and P is the number of UE identity based paging subgroups.
2.2. Scenarios for paging with UE Identity based subgrouping
Open Issue 2: Scenario(s) in which paging with UE identity based subgrouping is applied

According to current CR [4], paging with UE identity based subgrouping is applied when

·  UE supports UE identity based subgrouping AND cell supports UE identity based subgrouping AND UE is not configured with a CN assigned subgroup ID.
For the case that the UE is configured with a CN assigned subgroup ID, while the Cell only supports UE identity based subgrouping. FFS whether this case is valid or how to determine UE subgrouping for this case. 
                        In our view a CN will assign subgroup ID only if cell(s) in registration area supports CN assigned subgrouping. In RAN2#115 it was agreed that “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. One can argue that according to this agreement, within a registration area we cannot have cell(s) supporting zero CN assigned subgroups and cells(s) supporting non-zero CN assigned subgroups. On the other hand, instead of mandating to support CN assigned subgrouping in all cells of registration area, for network flexibility, it can be left to network implementation. 
                        In case UE is configured with a CN assigned subgroup ID and UE supports UE identity based subgrouping, while the Cell only supports UE identity based subgrouping:

·  UE can determine its paging subgroup in same manner (using formula) as in case UE is not configured with CN assigned subgroup ID.

Proposal 2: Whether to support CN assigned subgrouping in some or all cells of registration area is up to network implementation.

Proposal 3: In case UE is configured with a CN assigned subgroup ID and UE supports UE identity based subgrouping, while the Cell only supports UE identity based subgrouping, UE determines its paging subgroup in same manner (using formula in proposal 1) as in case UE is not configured with CN assigned subgroup ID.

2.3 RAN capability indication for UE Identity based subgrouping
Open Issue 3: RAN capability indication for UE identity based subgrouping
                       According to current CR [4],


RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration. 

                       As agreed in RAN2# 115 and RAN2#116, for UE identity based subgrouping, cell broadcasts number of UE identity based paging subgroups. In our view, explicit indication to indicate whether cell supports UE identity based subgrouping is not needed. If cell supports UE identity based subgrouping it broadcasts number of UE identity based paging subgroups. If cell does not support UE identity based subgrouping, it does not broadcast number of UE identity based paging subgroups. 
Proposal 4: RAN capability for UE identity based subgrouping is known implicitly based on configuration of number of UE identity based paging subgroups.

· If cell supports UE identity based subgrouping it broadcasts number of UE identity based paging subgroups. 
· If cell does not support UE identity based subgrouping, it does not broadcast number of UE identity based paging subgroups.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
                        Proposal 1:    For UE identity based paging subgrouping, UE belongs to kth paging subgroup, where ‘k’ = floor (UE Identity/(N*Ns)) mod P, where N is the number of Paging frames, Ns is the number of POs per paging frame and P is the number of UE identity based paging subgroups.
                        Proposal 2: Whether to support CN assigned subgrouping in some or all cells of registration area is up to network implementation.

Proposal 3: In case UE is configured with a CN assigned subgroup ID and UE supports UE identity based subgrouping, while the Cell only supports UE identity based subgrouping, UE determines its paging subgroup in same manner (using formula in proposal 1) as in case UE is not configured with CN assigned subgroup ID.
Proposal 4: RAN capability for UE identity based subgrouping is known implicitly based on configuration of number of UE identity based paging subgroups.

· If cell supports UE identity based subgrouping it broadcasts number of UE identity based paging subgroups. 
· If cell does not support UE identity based subgrouping, it does not broadcast number of UE identity based paging subgroups.
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RAN2 #113bise Agreements [1]:


 We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)





 If we go for network controlled subgrouping, 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). 








RAN2 #115 Agreements [2]:


 At least for UEID-based subgroup method the total number, Nsg, of supported subgroups by the network is decided by RAN and broadcasted in System Information.





 At least for UEID-based subgroup method the total number, Nsg, of supported subgroups is controlled on a cell basis and can be different in different cells.





RAN2 #116 Agreements [3]:


RAN introduces a new parameter Nsg-UEID to indicate its support of UE-ID based subgrouping





For UE-ID based subgroups the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*8).








