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1 Introduction
In last RAN2#113-e meeting, RAN2 confirm that 
· There is support to have UE ID based enhancement.

During the later RAN2#113bis-e, the agreement related to UE ID based subgrouping is as follows
· 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). 
Randomization is regarded as the fallback for the CN-assigned subgrouping. The co-exist of CN-assigned subgrouping and UE-ID subgrouping is discussed in Email discussion Post115-e089e [1] without consensus.
However, the calculation of UE ID based subgrouping is not discussed yet. And there is no detailed agreement for the co-exist of two current subgrouping mechanisms.
In this contribution, we discuss the co-exist of two current subgrouping mechanisms and give the formula of the UE-ID based subgrouping.
2 Discussion 
Co-exist of UE ID based subgrouping and CN-assigned subgrouping?
As agreed before, randomization (by UE-ID) can be the fallback of CN-assigned subgrouping if both are supported by UE and gNB. Furthermore, during the discussion in Summary of [Post115-e][089][ePowSav] Paging Subgrouping, options for subgroups splitting in RAN for UEs in the cell with CN assignment and UE-ID based are listed in Q8. Some companies raised their concerns about the overlapping of subgrouping configuration used by CN assigned subgrouping and that used for UE ID based subgrouping. CN assigned subgrouping is not just a randomization and take UE’s attributes into consideration to protect some specific UEs. For example, by overlapping configuration of CN and UE-ID subgrouping, power sensitive UEs and frequently-paged UEs shares the same bit in the PEI. The power consumption of these sensitive UEs will increase by false alarm caused by frequently-paged UEs.
Proposal 1: Subgroups for CN assigned subgrouping cannot be used by UE for UE-ID based subgrouping.
Formula of the UE ID based subgrouping
UE ID based subgrouping is supported in Rel-16 NB-IoT/eMTC and can also be used in NR. To realize the biggest power saving gain of UE ID based grouping in NR, one FFS issue is how to guarantee the uniform distribution of UEs in each sub-group, i.e., the number of UEs in each sub-group is the same. 

In the current paging design, UE ID is used to calculate PF and PO. UEs are divided into different POs according to the formula in TS 38.304 as following, 
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

where N is the number of total paging frames in T, Ns is the number of paging occasions for a PF, PF_offset is the offset used for PF determination, UE_ID is 5G-S-TMSI mod 1024.
It can be observed that, for UEs with the same calculated PO, the difference among their UE_IDs is an integer multiple of N*Ns, i.e., UEs with UE_ID#1, UE_ID#1+N*Ns, UE_ID#1+2*N*Ns… monitoring the same PO. 
There are L sub-groups in one PO or PEI can indicate L sub-groups. Based on the conclusion above that the difference among UE_IDs in one PO is an integer multiple of N*Ns, the sub-group index for a UE can be calculated as floor[UE_ID/(N*Ns)] mod L to realize the uniform distribution. 
Proposal 2: For UE ID based subgrouping, the sub-group index for a UE can be calculated as floor[UE_ID/(N*Ns)] mod L, where L is the number of UE sub-groups in one PO or the number of UE sub-groups indicated by one PEI.
3 Conclusions
In this contribution, we addressed some questions of UE_ID based subgrouping:
Proposal 1: Subgroups for CN assigned subgrouping cannot be used by UE for UE-ID based subgrouping.
Proposal 2: For UE ID based subgrouping, the sub-group index for a UE can be calculated as floor[UE_ID/(N*Ns)] mod L, where L is the number of UE sub-groups in one PO or the number of UE sub-groups indicated by one PEI.
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