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Introduction 
In RAN2 #103-e, the following agreement regarding UE grouping was made
	· 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).  


This paper discuss which network entity should be responsible for assigning UE’s paging subgroup.
Discussion
There are two types of paging: core network (CN) paging in RRC Idle and RAN paging in RRC Inactive. UE may use different periodicity in monitoring paging occasions when performing CN paging and RAN paging (although the monitoring periodicities always are integer multiples of the other). 
We think it is necessary for UE to have the same subgroup for CN paging and RAN paging. First, we do not see strong use cases that would require network to page UEs in different subgroups in different RRC states. One the reasons is that UEs in different RRC states share the same set of POs. Second, there can be state mismatch between UE and network (e.g. UE is released into RRC Inactive but later network thinks UE is in RRC Idle because network lost the UE’s context). When state mismatch happens and UE is configured with different subgroups for RAN paging and CN paging, UE will not be able to get page from network to recover. Therefore, we think UE shall be assigned the same subgroup for RAN paging and CN paging.
Proposal 1. 	UE has a single subgroup assignment for both RAN paging and CN paging.   
 
In the next we discuss which network entity should perform the assignment.
In general, we think CN has more information relevant to UE’s paging than RAN, e.g. UE’s traffic pattern, UE’s type (e.g. smartphone vs IoT devices), UE’s mobility history, etc. All such information can help network better assign UEs with similar characteristics into the same subgroup. 
Observation 1. 	CN has more paging related information than RAN which can help it better assign paging subgroups for UEs.  
RAN nodes in a network often are supplied by different vendors. If subgroups are assigned by RAN, gNBs from different vendors may apply different subgrouping policies, e.g. configure different number of subgroups or apply different criteria, unless RAN2 explicitly define the criteria for assigning UE subgroups in specification. But an assignment which works well for one cell may not work well for another, e.g. due to different mix of UEs. It therefore may require more coordination between RAN nodes to ensure a consistent subgroup assignment. Otherwise, there can be more frequent changes in a UE’s subgroup assignment when UE roams, when compared with CN based assignment, because a UE typically changes serving cell more frequently than AMF. 
Observation 2. 	If subgrouping is determined by RAN, it is more challenging to keep a consistent assignment strategy in a multi-vendor network. That can lead to more frequent changes in a UE’s subgroup. 
If CN determines UE’s subgroup assignment, then we may expect the following signaling:
· For CN paging, CN indicates UE’s subgroup number to RAN in its paging notification message. Hence even if UE camps on different cells as it roams across cells, UE does not need to coordinate with either CN or RAN in updating its UE subgroup assignment. 
· For RAN paging, when anchor gNB releases UE into RRC Inactive, it may request UE’s subgroup from CN, if it does not have that information already. Again, UE does not need to coordinate with either CN or RAN, when it changes its RRC state or roams across cells.
· If UE’s subgroup assignment needs to be updated, CN can either directly page UE if UE is in RRC Idle or send the request to UE by NAS signaling if UE is in RRC Inactive. 
If RAN determines UE’s subgroup assignment, then we may expect the following signaling:
· For RAN paging, anchor gNB provides UE’s subgroup assignment in RRC Release. And when it pages a UE, it indicates the UE’s subgroup ID in the paging message to UE’s serving cell. 
· For CN paging, one option is for UE’s anchor gNB can inform core network its assignment for UE’s subgroup, then CN indicates UE’s subgroup ID in its paging notification message. 
· If UE’s subgroup assignment needs to be updated by its serving gNB, the serving gNB has to go through CN to do that if UE is in RRC Idle. If UE is in RRC Inactive, the serving gN has to page the UE and also inform the UE’s anchor gNB of the new subgroup assignment. 
From the above analysis, one can see that CN-based assignment and RAN-based assignment have similar level of impact on existing signaling. However, RAN-based assignment can have more impact on network signaling if UE’s subgroup assignment needs to be updated. 
Observation 3. 	RAN-based subgroup assignment can have more impact on network signaling if UE’s subgroup assignment needs to be changed.
Based on the based observations, we think UE’s subgroup is better assigned by CN than by RAN. 
Proposal 2. 	UE’s subgroup is assigned by core network.   

In the past discussions on UE subgrouping, several attributes were proposed to be included in the decision of subgroup assignment, which include:
· Paging probability [3][4][5]
· UE’s power profile [6]
· UE’s mobility profile [5]
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 3. 	UE can report its attributes to assist network in subgroup assignment.
Proposal 4. 	The set of attributes that UE may report include UE’s paging probability, power profile and mobility profile. 
Proposal 5.	It is up to UE implement whether to provide the attributes or which attributes to provide for its subgroup assignment.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1. 	UE has a single subgroup assignment for both RAN paging and CN paging.   
Observation 1. 	CN has more paging related information than RAN which can help it better assign paging subgroups for UEs. 
Observation 2. 	If subgrouping is determined by RAN, it is more challenging to keep a consistent assignment strategy in a multi-vendor network. That can lead to more frequent changes in a UE’s subgroup. 
Observation 3. 	RAN-based subgroup assignment can have more impact on network signaling if UE’s subgroup assignment needs to be changed.
Proposal 2. 	UE’s subgroup is assigned by core network.   
Proposal 3. 	UE can report its attributes to assist network in subgroup assignment.
Proposal 4. 	The set of attributes that UE may report include UE’s paging probability, power profile and mobility profile. 
Proposal 5.	It is up to UE implement whether to provide the attributes or which attributes to provide for its subgroup assignment.
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