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1. Introduction
In RAN2#113bis-e and #114-e meeting, the following agreements were made for UE sub-grouping for paging enhancement:
	· 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). 

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

The following is supported:

· CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics
· Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE 


In this contribution, we will further discuss sub-grouping architecture for paging enhancement.
2. Discussion
2.1 Background 
RAN2 have discussed and concluded two subgrouping methods, including CN-Controlled and UE-ID based subgrouping. The pre-condition for correct and efficient paging reception is the consistent understanding of paging subgrouping configuration on both UE and NW sides. That’s to say, we need to clarify how to perform the paging reception based on different paging subgrouping methods, taking into account UE and NW capabilities.  
CN-Controlled subgrouping: in this approach, the UE’s subgroup ID is assigned directly by CN based on UE characteristics (and other potential information). If the UE supports paging subgrouping, the CN may assign subgrouping information to the UE. Impact on NAS is expected to support CN-Controlled subgrouping, which can be discussed further in RAN2 or SA2/CT1.
UE-ID based subgrouping: the UE’s subgroup is calculated based on UE-ID. UE-ID based subgrouping method at least requires UE to obtain the total number (Nsg) of subgroups in serving cell, which can be provided by gNB, e.g. broadcasted in System Information. If the total number (Nsg) is provided, gNB needs to know a target UE capability regarding UE-ID based subgrouping to decide whether to paging the target UE according to UE-ID based subgrouping method. The UE capability transfer procedure (UECapabilityEnquiry/ UECapabilityInformation message) can be used to transfer UE paging subgrouping capabilities.
2.2 Non-supporting cases

Based on the aforementioned subgrouping methods, we need to discuss how to handle the non-supporting cases based on different UE/NW capabilities or scenarios:
In case of non-supporting CN

In case CN does not support CN-Controlled subgrouping, CN will not assign any paging subgroup for UE. Similarly, CN will not inform gNBs about the CN configured subgroup ID while paging a UE. 
Considering the RAN2#113bis-e agreement that “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)”, the case that CN does not support subgrouping should be same as the case that CN doesn’t provide subgrouping information. 

Proposal 1: If CN does not support paging subgrouping, UE could apply UE-ID based subgrouping, if any, or apply legacy paging without subgrouping if UE-ID based subgrouping is not configured. 
In case of non-supporting gNB
From gNB point of view, paging subgrouping capability needs to consider CN-Controlled and UE-ID based methods. Assuming CN supports and applies CN-Controlled subgrouping, we need to discuss the scenarios based on gNB capability. 
Case 1: gNB supports CN-Controlled subgrouping. In this case, the reasonable network implementation for gNB is not to provide any information/configuration for UE-ID based subgrouping (e.g. subgroup number). At the UE and gNB side, CN-Controlled subgrouping will be applied.
Case 2: gNB does not support CN-Controlled subgrouping. 
· Case 2.1: gNB does not support UE-ID based subgrouping or does not provide information/configuration for UE-ID based subgrouping. 
· Case 2.2: gNB supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 

For Case 2.1, gNB will not provide any resource configuration for subgrouping for either CN-Controlled subgrouping or UE-ID based subgrouping. At the UE side, subgrouping based paging will not be applied, i.e. legacy paging without subgrouping will be performed. There will be no problem at the UE side. 
For Case 2.2, gNB does not know whether CN-Controlled subgrouping is applied. gNB will sent the paging to UEs according to UE-ID based subgrouping. However, CN and UE will apply the CN-control subgrouping for paging transmission and reception, i.e., UE will monitor paging based on CN assigned subgroup. In this way, inconsistent paging transmission and reception may happen between network and UE sides. Therefore, we think network deployment/configuration should avoid such situation. For example, if some of the gNB(s) in CN does not support CN-Controlled subgrouping, CN should not apply the CN-Controlled subgrouping. 
Observation 1:  In case CN supports and applies CN-Controlled subgrouping, inconsistent paging transmission and reception may happen between network and UE sides, if gNB does not support CN-Controlled subgrouping, but supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 
Proposal 2: Network should avoid the scenario: in case CN applies CN-Controlled subgrouping, but gNB does not support CN-Controlled subgrouping, e.g. if some of the gNB(s) in CN does not support CN-Controlled subgrouping, CN should not apply the CN-Controlled subgrouping.
In this way, the behavior for UE will be simple, that is UE only needs to follow the network configuration. From UE point of view, if the UE receives paging subgroup ID assigned from CN, CN-Controlled subgrouping will be applied. 
Proposal 3: UE will apply CN-Controlled subgrouping when the UE receives subgroup assigned from CN. 
Proposal 4: UE will apply UE-ID based subgrouping when the UE does not receive subgroup assigned from CN, but received subgroup number from RAN. 

In case of non-supporting UE
It is possible that some UEs may not be capable of supporting paging subgrouping. NW needs to know UE capability for paging subgrouping, e.g. CN needs to know the UE capability of CN-Controlled subgrouping, RAN needs to know the UE capability of CN-Controlled and UE-ID based subgrouping. 
Assuming UE has separate capabilities of CN-Controlled or UE_ID based subgrouping, it may cause a mix of UEs in a cell using NW-assigned subgroup and UE_ID based subgroup. Once the mix of UE_ID based and CN-Controlled subgroups in the same cell exists, we wonder whether the subgroup IDs from CN assigned and the subgroup IDs based on UE-ID should be overlapped. Our understanding is that the UEs having no CN assigned subgroup ID should not impact the paging for UEs with CN assigned subgroup ID. In this way, a reasonable network/gNB will try to avoid to support co-existence of UE_ID based and CN-Controlled subgroups in the same cell. 

Therefore, from UE point of view, a common UE capability of supporting subgrouping should be defined covering both CN-Controlled and UE-ID based subgrouping. In this way, if UE does not support sub-grouping, legacy paging without subgrouping will be performed.
Proposal 5: Introduce a common UE capability of supporting subgrouping covering both CN-Controlled and UE-ID based subgrouping. 
Proposal 6: If a UE does not support sub-grouping, legacy paging without subgrouping will be performed.
2.3 Non-using cases

In LTE the UE monitors (G)WUS only in the last used cell when (G)WUS is used in RRC_IDLE, as specified in TS 36.304:
	Paging with Wake Up Signal is only used in the cell in which the UE most recently entered RRC_IDLE triggered by:
-
reception of RRCEarlyDataComplete; or
-
reception of RRCConnectionRelease not including noLastCellUpdate; or

-
reception of RRCConnectionRelease including noLastCellUpdate and the UE was using (G)WUS in this cell prior to this RRC connection attempt.


The area scope of using paging subgrouping is not clarified yet for CN-Controlled subgrouping in NR. It should be CN to determine paging subgrouping procedure. If LTE mechanism above is reused, the subgrouping based paging could be only applied in the last used cell, then, the UE cannot use it after moving out of the last use cell, which will limit the power saving gain from paging subgrouping. But if the paging subgrouping applies in a large scope, it may lead to a higher false alarm for the un-paged UEs. It will be worse when there are more UEs with high mobility or low latency. Therefore, a suitable area of using paging subgrouping should be defined.
In our understanding, the CN can determine the area of using paging subgrouping, e.g. with taking account of UE characteristics, such as a list of cells according to UE movement area, or RNA in the registration area, etc. 
Proposal 7: RAN2 to discuss the area scope of using paging subgrouping.
3. Conclusion

In this contribution, we discuss UE subgrouping for paging enhancement. Based on the discussion, we have the following observations and proposals:

Observation 1:  In case CN supports and applies CN-controlled subgrouping, inconsistent paging transmission and reception may happen between network and UE sides, if gNB does not support CN-controlled subgrouping, but supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 

Proposal 1: If CN does not support paging subgrouping, UE could apply UE-ID based subgrouping, if any, or apply legacy paging without subgrouping if UE-ID based subgrouping is not configured. 
Proposal 2: Network should avoid the scenario: in case CN applies CN-Controlled subgrouping, but gNB does not support CN-Controlled subgrouping, e.g. if some of the gNB(s) in CN does not support CN-Controlled subgrouping, CN should not apply the CN-Controlled subgrouping.
Proposal 3: UE will apply CN-Controlled subgrouping when the UE receives subgroup assigned from CN. 

Proposal 4: UE will apply UE-ID based subgrouping when the UE does not receive subgroup assigned from CN, but received subgroup number from RAN. 

Proposal 5: Introduce a common UE capability of supporting subgrouping covering both CN-Controlled and UE-ID based subgrouping. 

Proposal 6: If a UE does not support sub-grouping, legacy paging without subgrouping will be performed.
Proposal 7: RAN2 to discuss the area scope of using paging subgrouping.
4. References

[1] R2-2108685, Report of [POST114-e][076][Pow17] Paging Subgrouping (CATT), CATT
[image: image1.png]



