


3GPP TSG RAN WG2 Meeting #114-e                                                        	   R2-2105021
E-Meeting, 19th – 27th May, 2021

Agenda Item:	8.9.2
Source: 	Intel Corporation
Title:	Further considerations of Network assigned subgrouping
Document for: 	Discussion/Decision
Introduction 
In the last meeting, RAN2 discussed the network assigned subgrouping and made the following agreement:
· We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)

In this contribution, we provide the detailed solution for the network assigned subgrouping, i.e.:
a. Which network node provides the subgrouping parameters
b. How the network stores the subgroups
c. How the UE is informed of the subgroups
Discussion
Which network node assigns the subgrouping
In the last meeting, which network node assigns the subgroup was briefly discussed.  Basically, the subgroup that the UE should monitor can be assigned either by the RAN or CN. 
From the functional point of view, it is more logical for the RAN to assign the subgroup as it is the same as the existing determination of the paging occasion where it is the RAN that makes the determination via the formula based on the UE ID specified in TS38.304 for the UE. Hence it is natural that the subgroup determination is also done by the RAN. Furthermore, RAN is also aware of the paging configuration supported by its cells and can thus configure the subgroup better than if it is configured by the CN.
Observation#1: RAN assigning the subgroup aligns with the existing paging occasion determination for UEs in RRC_IDLE/RRC_INACTIVE. Also RAN is aware of the paging configuration supported by its cells.
Another factor to consider is the impact to the specification and other working groups.  
If RAN is the node that decides on the subgroup, one of the concerns is that CN may have to provide information (such as the device type, UE subscription associated with its power consumption level etc.) to the RAN so that the RAN can determine the subgroup the UE should monitor based on that information. If so, conveying such CN info will also have impact to CN and the interfaces.  However, these may not be an issue if RAN already have some of that information.  In the email discussion [1], there was support for the following subgrouping methods: UE ID, paging probability, CN/RAN paging differentiation and power consumption level. The information required by these subgrouping methods are already known to the network:
· For UE ID, the UE ID is also known to RAN as it is required for legacy paging operation (i.e. CN provides RAN with assistance info on the UE ID (UE Identity Index value in 38.413) as part of RRC Inactive paging).  The same information can be used by RAN when assigning the subgroup based on NAS UE ID. 
· In the case of paging probability, if it is just for differentiating the paging probability between Redcap UE and eMBB UEs, RAN can already know this via some RedCap UE capability indication (which is currently discussed in RedCap SI/WI)
· If power consumption level is needed, there are already sufficient information in the existing Rel-16 UE assistance (e.g. DRX preference) that RAN can use without affecting other working groups. 
· For RAN/CN paging differentiation, RAN node knows whether a UE will be released into RRC_INACTIVE or RRC_IDLE.
Observation#2: The required information to perform subgroup categorization is already available to network/RAN to support any combinations of the following subgrouping methods and the impact of getting UE’s required information to do its subgroup categorization could be confined to the RAN:
· paging probability can be based on capability indication of Redcap vs other NR UE, 
· power consumption level can be based on the existing UE assistance for power saving e.g. DRX preference, 
· UE ID can be based on UE ID in the existing inactive paging assistance info from CN,
· RAN node knows whether a UE will be released into RRC_INACTIVE or RRC_IDLE for RAN/CN paging differentiation
If CN is the node that decides on the subgroup, it will have impact to the CN and hence SA2 will be impacted more in how to allocate the subgroup which is not visible to the CN.  Also, if UE assistance is seen to be needed e.g. for power consumption level, it will have impact to CT1 to provide NAS signalling from UE to CN or provided over N2 from RAN to CN.  To support RAN paging differentiation for a UE in RRC_INACTIVE, the CN has to provide the assigned subgroup as part of the UE context to the RAN which impact RAN3..  
Observation#3: For CN based subgroup selection, there will be impact to CN to perform subgrouping determination (e.g. SA2) and RAN3 will also be impacted e.g. to provide the UE assistance for power consumption preference to the CN or the subgroup for UE_INACTIVE from/to RAN.  Subgrouping for RAN paging may not be possible.
On the paging strategy consistency, a CN node could support multiple RAN nodes provided by different vendors.  This could make it easier to deploy a common algorithm for paging grouping across a large area, possibly PLMN wide.  This might be  useful from operational point of view. Regardless which node does the grouping, the paging subgroup is provided to all the nodes involved in the Page and also to the UE, there is no ambiguity in terms of consistency between network and UE and hence here should not be any inter-operability issues. 
Observation#4:  Paging strategy consistency could be easier for a CN assigned subgrouping in a multivendor RAN environment.
Based on the observations, it is thus proposed that RAN2 agreed that:
Proposal#1: Based on Observations #1-#4, we have a slight preference for RAN assigned subgrouping.
In the following sections, we look at the procedure details for specifying the RAN as well as CN assigned subgrouping.
Procedure for Network assigned subgrouping
How the network stores the assigned subgroups
In the case of RAN assignment, the assigned subgroup for a UE is stored in the CN for an UE in RRC_IDLE; this is done by gNB providing it to the CN for storage when the signalling connection is released (i.e. reusing UERadioPagingInformation related container with a new additional information).  During CN paging for UE in RRC_IDLE, the AMF includes the allocated subgroup stored previously in the UERadioPagingInformation related container when providing the CN paging message to the gNB.   In case of RRC_INACTIVE, the gNB stores the assigned subgroup of a UE as part of the UE AS context e.g. as part of CN assistance information for RRC_INACTIVE IE. 
In the case of CN assignment of the subgroups, the CN stores the allocated subgroup in the CN and provides it to the gNB during CN paging. 
During RAN paging, the source gNB (where the UE AS context with the subgrouping ID is stored) is used to page a UE in RRC_INACTIVE within the configured RNA. The gNB uses allocated subgrouping to determine the corresponding L1 resource/P-RNTI or indicate the allocated subgrouping in the DCI to signal the UE to receive paging. For RAN paging in cells of another gNB node (e.g. when the configured RNA is bigger than the source gNB), the source gNB can provide the allocated subgroup of the UE to be paged to the target gNB in the UERadioPagingInformation along with the RAN paging message.
Proposal#2: For RAN-assigned subgroups: the gNB assigned subgroup information is stored in the AMF (e.g. as part of the UERadioPagingInformation container) when the UE goes into RRC_IDLE. During CN paging, the AMF provides to the gNB with the previously stored subgrouping (e.g. UERadioPagingInformation container) so that it can page the UE using the allocated subgroup. 
Proposal#3: For CN-assigned subgroups: the AMF provides the allocated subgroup to gNB during CN paging when having to page a UE in RRC_IDLE. 
Proposal#4: For a UE in RRC_INACTIVE, the CN/RAN assigned subgroup information is stored in the source gNB as part of the UE context. During RAN paging, the source gNB will provide the paging gNB (for the case RAN paging is in cells of another gNB) with the stored UE subgroup.
How the UE is informed of the assigned subgroups
The UE’s set of assigned subgroup(s) for the different subgrouping configuration possible are signalled to the UE via dedicated signalling, for example via RRC Reconfiguration message or RRC Release message for RAN assigned subgrouping or using NAS messages for CN assigned subgrouping. The UE stores the assigned subgrouping allocated by the gNB.  UE uses the assigned subgrouping to work out the subgroup that it should monitor for Paging for a given cell while the UE is in RRC_IDLE or RRC_INACTIVE state. 
Proposal#5: The set of assigned subgroup(s) for the different subgrouping configuration possible are signalled to the UE via dedicated signalling by the RAN (e.g. RRC Release message) or by the CN (e.g. registration). 
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation#1: RAN assigning the subgroup aligns with the existing paging occasion determination for UEs in RRC_IDLE/RRC_INACTIVE. Also RAN is aware of the paging configuration supported by its cells.
Observation#2: The required information to perform subgroup categorization is already available to network/RAN to support any combinations of the following subgrouping methods and the impact of getting UE’s required information to do its subgroup categorization could be confined to the RAN:
· paging probability can be based on capability indication of Redcap vs other NR UE, 
· power consumption level can be based on the existing UE assistance for power saving e.g. DRX preference, 
· UE ID can be based on UE ID in the existing inactive paging assistance info from CN,
· RAN node knows whether a UE will be released into RRC_INACTIVE or RRC_IDLE for RAN/CN paging differentiation
Observation#3: For CN based subgroup selection, there will be impact to CN to perform subgrouping determination (e.g. SA2) and RAN3 will also be impacted e.g. to provide the UE assistance for power consumption preference to the CN or the subgroup for UE_INACTIVE from/to RAN.  Subgrouping for RAN paging may not be possible.
Observation#4:  Paging strategy consistency could be easier for a CN assigned subgrouping in a multivendor RAN environment.
Proposal#1: Based on Observations #1-#4, we have a slight preference for RAN assigned subgrouping.
Proposal#2: For RAN-assigned subgroups: the gNB assigned subgroup information is stored in the AMF (e.g. as part of the UERadioPagingInformation container) when the UE goes into RRC_IDLE. During CN paging, the AMF provides to the gNB with the previously stored subgrouping (e.g. UERadioPagingInformation container) so that it can page the UE using the allocated subgroup. 
Proposal#3: For CN-assigned subgroups: the AMF provides the allocated subgroup to gNB during CN paging when having to page a UE in RRC_IDLE. 
Proposal#4: For a UE in RRC_INACTIVE, the CN/RAN assigned subgroup information is stored in the source gNB as part of the UE context. During RAN paging, the source gNB will provide the paging gNB (for the case RAN paging is in cells of another gNB) with the stored UE subgroup.
Proposal#5: The set of assigned subgroup(s) for the different subgrouping configuration possible are signalled to the UE via dedicated signalling by the RAN (e.g. RRC Release message) or by the CN (e.g. registration). 
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