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Introduction 
This paper discusses current open issues related to paging subgroup assignment, especially those not covered in the post-RAN#114e email discussion.
Discussion
Assumptions
In the last RAN2 meeting, it was agreed that both CN-assigned subgrouping and UE-ID based subgrouping are supported. Since paging subgroup is a feature for RRC Idle/Inactive, it should be an optional UE feature. Therefore, we can expect that within a cell, there can be a mix of UEs which may or may not support subgrouping. 
Similar observation can be made that not all gNBs or AMFs may be updated to support subgrouping. And even among those that are capable of supporting subgrouping, some may choose to support only CN-assigned or UE-ID based subgroup, while others may support both.
Observation 1. 	Support for CN-assigned subgroup and/or UE-ID based subgroup are optional UE features.
Observation 2. 	There can be a mix of different types of UEs (legacy, supporting CN-assigned and/or UE-ID based subgrouping) in a cell.  
Observation 3. 	It is up to network implementation (either CN or RAN) whether to support CN-assigned subgroup and/or UE-ID based subgroup.
UE behaviors
RAN2 have agreed that if a UE’s subgroup is assigned by network, then it is assigned by CN. Therefore, when UE registers with CN, CN needs to know whether this UE supports subgrouping and which type of subgrouping it supports. 
· If the UE supports CN-assigned subgrouping, CN assigns a subgroup for the UE. Subsequently, when CN pages the UE, it has to provide that information to RAN so that gNB knows which subgroup it needs to use to page the UE.
· If the UE supports UE-ID based subgrouping, CN saves that as a UE capability. Subsequently, when CN pages the UEs, it needs to provide that information to RAN. If that gNB supports UE-ID based subgrouping, then gNB can know how to determine the subgroup that UE will use to receive its page. 
If UE is capable of supporting both types of subgrouping, it should be up to UE implementation which type of subgroup it prefers when it performs a new registration with CN.
Proposal 1.	A UE capable of supporting subgrouping requests the type of subgrouping (CN-assigned or UE-ID based) it prefers when performing a new registration with CN.
Proposal 2.	When CN sends paging notification to RAN, it also indicates UE’s subgroup or whether UE supports UE-ID based subgrouping.
There can be UEs which are capable of supporting both types of subgrouping. Then such UEs camp in a cell which supports both types of subgroups, it should use its CN-assigned subgroup, instead of using its UE-ID to derive a subgroup, for its paging reception. That ensures the same subgroup is used by both UE and gNB, whose subgroup is provided by CN in paging notification.
Proposal 3.	In a cell which supports both CN-assigned and UE-ID based subgrouping, UE shall use subgroup assigned by CN for its paging reception if it has one.
Since the support for subgrouping is up to network implementation, it is possible that a UE indicates support for CN-assigned subgrouping but does not receive any assignment from the CN. In that case, for simplicity, UE should not use CN-assigned subgroup for paging reception as long as it is within that registration area.   
Proposal 4. 	If UE is not assigned any subgroup by CN, UE does not use CN-assigned subgroup for paging reception as long as it is within the same registration area.
In the past discussions on UE subgrouping, several attributes were considered useful or relevant to the assignment of paging subgroups, which include paging probability [1][2][3], UE’s mobility profile [3] and power profile [4]. We think they are indeed useful for network to have in its subgroup assignment. For example, 
· It is more power efficient to group UEs with similar paging probability in the same subgroup, so that UEs with low paging probability would not be penalized by excessive false paging;
· For UEs that are power insensitive (e.g. plugged in outlet instead of battery powered), they can be assigned to any subgroup to help “balance” the load, as long as their paging rate is not high.
· It is more power efficient to keeps UEs with different mobility levels in different subgroups, because that would prevent high-mobile UEs create extra false paging for low-mobility UEs when they are paging in multiple cells.  
These attributes, however, generally are more UE-side information. They are either not readily available to network (e.g. UE’s power profile) or may take long time for network to learn (e.g. low-mobility UEs with long DRX cycles). Therefore, it is useful for UEs to report these attributes to assist network in subgroup assignment. As different UEs may have different profiles and may change them at different times and by different causes, we think it should be up to UE implementation whether to provide the attributes or which attributes to provide for its subgroup assignment.
Proposal 5.	UE can provide assistance information to CN when requesting a paging subgroup from CN, which may include paging probability, mobility and power profiles.
gNB behaviors
As stated in Observation 2, there can be a mix of different types of UEs in a cell, i.e. legacy UEs or those not supporting any type of subgrouping, those supporting CN-assigned subgrouping and/or UE-ID based subgrouping. Therefore, we do see benefits to allow gNB to support both types of subgrouping. On the other hand, we do not think it is necessary to mandate gNBs to always support both types of subgrouping. That choice should be left to network implementation. 
With the above reasonings, we think gNBs need to advertise which type(s) of subgrouping it supports in system information, so that different types of UEs can perform its paging reception accordingly.  
Proposal 6.	gNB advertises in its system information whether it supports CN-assigned subgrouping and/or UE-ID based subgrouping.
There can be two options for a gNB which supports CN-assigned subgrouping:
· gNB must support all subgroups which can be assigned by CN;
· gNB can choose to support all or a subset of subgroups which can be assigned by CN. 
We think the second option contradicts the principle of the current agreement (i.e. CN assigns subgroup), because it practically gives gNB a way to override CN’s assignment by forcing UEs with subgroups assigned by CN to use UE-ID based subgrouping instead. On the other hand, the first option results in simpler implementation for both gNB and UE, because once UE gets a subgroup assigned by CN, it can use that subgroup across all gNBs which supports CN-assigned subgrouping in the current registration area. For gNB, there is no guess work or coordination with CN which subset of subgroups that it should support.  
Proposal 7.	All gNBs capable of supporting CN-assigned subgroup in the same registration area should support the same number of subgroups assigned by CN/AMF.
There can be different options for gNB to support CN-assigned and UE-ID based subgrouping. One of such options is schemes similar to how LTE’s GWUS is assigned [5][6], i.e. CN assigns UE to a “subset”, RAN decides how many subgroups each “subset” should support, then UE randomizes itself into one of subgroups within its assigned “subset”. 
This scheme does give gNB some flexibility in how many subgroups it wants to allocate between CN-assigned and UE-ID based subgroups. For example, suppose CN assigns only 4 subsets. Then out of the maximum 8 subgroups, gNB allocates one subgroup for each of the 4 subsets, and then allocates the remaining 4 subgroups for UEs which support only UE-ID based subgrouping. On the other hand, if CN uses all 8 subsets, then there is no subgroup left for UEs supporting only UE-ID based subgroups, unless gNB does not mind assigning UEs supporting CN-assigned subgroupings and UE-ID based subgrouping to the same subgroup. But that would degrade the benefit of CN-assigned subgrouping.
A shortcoming of this scheme is its complexity – it does require both gNB and UE to execute multiple steps to derive UE’s subgroup. 
Given the fact that UE subgrouping offers only marginal UE power savings, we prefer to keep its implementation complexity as low as possible. In our view, how to coordinate allocation between CN-assigned subgroups and UE-ID based subgroups can be largely left to gNB implementation. For example, 
· gNB can decide which subset of subgroups it allocates for UEs supporting only UE-ID based subgrouping. This subset of subgroups does not need to be allocated from a contiguous range;
· This subset of subgroup may or may not need to overlap with the subgroups assigned by CN. Overlapping between some subgroups is fine in some use cases, for example: some subgroups are allocated to only UEs which are insensitive to false alarms; 2. Some subgroups are rarely assigned by CN. It can be left to gNB implementation whether to allow overlapping or not.
Proposal 8.	If a gNB supports UE-ID based subgrouping, it advertises in system information the set of subgroups it allocates for UE-ID based subgrouping.
We think that in some use cases, it may be useful if gNB is able to provide assistance information to CN on its subgroup assignment. For example, UEs may have different paging probabilities in RRC_IDLE and RRC_INACTIVE, as UE in RRC_INACTIVE may anticipat new data sooner. Hence gNB may want to change UE’s subgroup when releasing it into RRC_INACTIVE, if it is able to predict (e.g. based on network implementation) the current subgroup assignment for the UE may not match well with UE’s expected paging probability in RRC_INACTIVE. It is better for this information to be made by gNB than UE, because otherwise UE has to switch to RRC Connected to send UE assistance information, which is power inefficient.
Proposal 9.	gNB can provide assistance information to CN for a UE’s subgroup assignment, which may include UE’s RAN paging configuration.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1. 	RAN2 confirm that support for CN-assigned subgroup and/or UE-ID based subgroup are optional UE features.
Observation 2. 	RAN2 confirm that it is up to gNB implementation whether to support CN-assigned subgroup and/or UE-ID based subgroup.
UE behaviors
Proposal 1.	A UE capable of supporting subgrouping requests the type of subgrouping (CN-assigned or UE-ID based) it prefers when performing a new registration with CN.
Proposal 2.	When CN sends paging notification to RAN, it also includes UE’s subgroup assignment or whether UE supports UE-ID based subgrouping.
Proposal 3.	In a cell which supports both CN-assigned and UE-ID based subgrouping, UE shall use subgroup assigned by CN for its paging reception if it has one.
Proposal 4. 	If UE is not assigned any subgroup by CN, UE does not use CN-assigned subgroup for paging reception as long as it is within the same registration area.
Proposal 5.	UE can provide assistance information to CN when requesting a paging subgroup from CN, which may include paging probability, mobility and power profiles.
gNB behaviors
Proposal 6.	gNB advertises in its system information whether it supports CN-assigned subgrouping and/or UE-ID based subgrouping.
Proposal 7.	All gNBs capable of supporting CN-assigned subgroup in the same registration area should support the same number of subgroups assigned by its CN/AMF.
Proposal 8.	If a gNB supports UE-ID based subgrouping, it advertises in system information the set of subgroups it allocates for UE-ID based subgroups.
Proposal 9.	gNB can provide assistance information to CN for a UE’s subgroup assignment, which may include UE’s RAN paging configuration.
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