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Introduction
The Work Item on “UE Paging Subgrouping” was agreed and is available in [2]. 
This work or at least the intention is similar to the work done on WUS (Wake Up Signal) in the past where UEs in the same paging occasion are divided into multiple subgroups. A UE will monitor its paging occasion only if it receives a notification that its subgroup is paged. There are two flavors of the feature: CN-based subgrouping and UE-ID based subgrouping. 

[bookmark: _Hlk89869265]Discussion 
CN based subgrouping in idle mode

1. [bookmark: _Hlk89697493]Information in NGAP Paging message and Encoding of CN subgroup ID

The overall summary of the function is as follows:
The CN (AMF) assigns a CN subgroup ID for a UE that has included Paging Subgrouping Support Indication in the Registration Request message. The AMF sends this CN subgroup ID to the UE over NAS signaling in Registration Accept message as part of the PEIPS Assistance Information. If the AMF has assigned CN paging subgrouping information (PEIPS Assistance Information) to the UE, the AMF shall also provide it to NG-RAN node when paging the UE.

The total number of CN subgroups that an AMF can assign is CN_sg with CN_sg <= 8.  How CN_sg is derived is an SA2 matter (statistics, O&M,..) but it assumed for consistency that all AMFs use the same CN_sg value.

When paging a UE, the AMF includes the CN Subgroup ID of the UE into the NGAP Paging message. 
Given that CN_sg <=8 the most straightforward solution to encode the CN Subgroup ID of the UE within the NGAP Paging message is therefore to define an INTEGER from 1 to 8. 

Proposal 1: encode CN Subgroup ID as INTEGER (1..8) in the NGAP Paging message.

Moreover, the support of UE subgrouping can be partitioned into four types of UEs:
· Type 1: UEs supporting CN subgrouping: SA2 has agreed that this will be a NAS capability
· Type 2: UEs supporting UE-ID based subgrouping: RAN2 agreed now that this will be an AS capability
· Type 3: UEs supporting none of the above.
· Type 4: UEs supporting both CN subgrouping and UE-ID subgrouping

The gNB can infer that UE supports CN subgrouping (type 1 or type 4) when it receives a CN-subgroup ID.

The gNB can infer that UE supports UE-ID based subgrouping (type 2 or type 4) when it receives the NGAP Radio Capability for Paging IE. Indeed, RAN2 recently agreed that the UE-ID is an AS capability, so we can expect that it is included in the RRC message UERadioPagingInformation which is automatically already sent over NGAP as part of the Radio Capability for Paging IE as shown below:

 9.3.1.68	UE Radio Capability for Paging
This IE contains paging specific UE Radio Capability information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UE Radio Capability for Paging of NR
	O
	
	OCTET STRING
	Includes the RRC UERadioPagingInformation message as defined in TS 38.331 [18].



For type 3, when gNB receives neither the CN subgroup ID (i.e. UE does not support or CN doesn’t support CN subgrouping) nor the UE-ID support capability, the gNB applies legacy paging.

For type 4 UEs, it should be noted that CN subgrouping takes precedence over UE-ID subgrouping if both are supported.

As a consequence, the addition of CN-subgroup ID to the NGAP Paging message from proposal 1 should be enough for a gNB to differentiate between all types of UEs.  

Proposal 2: no need to include additional IE in the NGAP Paging message to signal UE capability.


2. Re-mapping in the gNB ?

On the radio side, in each cell a number N with 0<=N<=8 of L1 bits will broadcast a subgroup notification.  
Besides, RAN2 agreed that CN-based subgrouping and UE-ID based subgrouping could be used simultaneously in a cell. Therefore, N can be split between N1 bits used for CN subgroup notification and N2 bits used UE-ID based notification with N1 + N2 = N.

NOTE: N2 also called Nsg in RAN2. RAN2 agreed that N and N2 are broadcast. 
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups by the network is decided by RAN and broadcasted in System Information.
At least for UEID-based subgroup method the total number, Nsg, of supported subgroups is controlled on a cell basis and can be different in different cells.
N1 can be inferred by the UE by doing N1=N-N2. 

Observation 1: the number of L1 bits in a cell allocated for CN-subgrouping can vary from 1 to N1 with 0<=N1<=8.

Some form of re-mapping is inevitable in the gNB for two reasons:
1) in reality due to load reasons the total number N of L1 bits used for subgrouping feature in a cell may be lower than 8 : N<8.
2) in case of simultaneous methods used N has to be split between N1 L1 bits used for CN based subgrouping method and N2 L1 bits for UE ID based subgrouping method: N=N1+N2. For example, some UEs would only support type 2 which may prompt the operator to have N2 >0.

As shown above, N1 varies from cell to cell. If CN_sg is the number of CN subgroups used by AMF, for the two reasons above, we can have N1 < CN_sg in some cells.  In all cells in which N1<CN_sg remapping is needed. 

For example, if AMF uses 6 CN subgroups (i.e. CN_sg = 6), and if N1=4 in a cell, then gNB will have to remap the 6 CN subgroup ID values onto the 4 L1 bits used for CN subgrouping in the cell.

NOTE: The only alternative to remapping would be for the operator that for all cells which cannot set N1=CN_sg they turn off the CN subgrouping which would make the feature useless because there could be many of such cells.

Observation 2: in practice in many cells the gNB has to remap the CN_sg values of CN Subgroup IDs into N1 values of L1 bits used for CN subgrouping in a cell which makes some form of re-mapping inevitable.

One key enabler for this feature was to try avoiding re-mapping in the NG-RAN node, or when it cannot be avoided, to make it as simple as possible, at least simpler than the remapping of the WUS method. 
The difficulty with re-mapping is that gNB and UE must apply rigorously the same algorithm.
In WUS some thresholds were broadcasted and the UE can compare its paging probability factor with the thresholds to determine which L1 bit is applicable.

If something simpler is needed, at minimum the number CN_sg of CN subgroups should be broadcast to the UE. 
Then both gNB and UE can apply the simple even remapping rule:

For example: if CN_sg=6 and N1 =3 in a cell
CN Subgroup IDs 1,2 map to L1 bit=1
CN Subgroup IDs 3,4 map to L1 bit=2
CN Subgroup IDs 5,6 map to L1 bit=3

Another option could be that gNB directly broadcast the applicable mapping for any CN subgroup ID value: 
For example: if CN_sg=6 and N1=4 in a cell
CN Subgroup IDs 1,2 map to L1 bit=1
CN Subgroup IDs 3,4 map to L1 bit=2
CN Subgroup IDs 5 map to L1 bit=3
CN Subgroup IDs 6 map to L1 bit=4


Proposal 3: RAN3 to discuss how to realize simple re-mapping in the gNB. Send an LS to RAN2 to broadcast CN_sg. 


3. Assistance Information over NG: How gNB can compute N1 number of L1 bits allocated in a cell for CN subgrouping?  

First of all, as discussed above, gNB needs to know the CN_sg number of CN subgroups used by AMF in order to broadcast it.

[bookmark: _Hlk90307719]Proposal 4: AMF sends in the NG Setup Response message the CN_sg number of CN subgroups used by AMF.

CN nodes are best placed to evaluate the percentage of UEs supporting CN subgrouping because this is a NAS capability. For example, AMF could easily build statistics on percentage of UEs supporting CN subgrouping per TA by receiving in every Register Update the RA of the UE and its NAS capability.
Similarly, the gNB is better placed to have statistics on average number of UEs supporting the UE-ID based method on a per cell basis.   

With these two pieces of information the gNB can set appropriate N1 and N2 values in every cell.

Proposal 5: the AMF may send to the gNB in the NGAP SETUP RESPONSE message or the AMF CONFIGURATION UPDATE message for assistance information on a per TA basis the average fraction of UEs supporting CN subgrouping, either as a percentage or as a number of equivalent L1 bits out of 8 (e. g. 6/8).

CN based subgrouping in RRC_INACTIVE mode
In order to use the feature for RAN paging over the air the gNB should have received the subgroup information before paging in RRC_INACTIVE. 
RAN2 agreed that the same paging subgroup shall be used for RRC_IDLE and RRC_INACTIVE however it may be so that gNB needs to page in RRC_INACTIVE before receiving the NGAP Paging message for an Idle paging, and the gNB would then not have such information. Therefore, it is useful to include UE subgrouping information in the Core Network Assistance for RRC Inactive UE.

NOTE: We also note that the last SA2 CR from SA Plenary in [3] already included such a support. 

Proposal 6: add the UE Subgroup Information in the NGAP Core Network Assistance for RRC_INACTIVE Information IE. 

RAN2 has the following agreement:
It is FFS when a UE in RRC_INACTIVE has been assigned by CN a Paging subgroup, whether some signalling should be introduced between gNBs to inform each other about the UE’s subgroup for RAN paging

[bookmark: _Hlk89867507][bookmark: _Hlk89699956]This signaling depends if a UE supporting CN subgroup will use it only in last serving cell (like it was the case for WUS feature) or can use it also outside the last serving cell.

Proposal 7: wait RAN2 decision on whether the UE can use subgrouping feature outside the last serving cell before discussing XnAP potential impacts.


Conclusion and Proposals
This paper has investigated the RAN architecture impacts associated with the subgrouping feature and made the following proposals:

Proposal 1: encode CN Subgroup ID as INTEGER (1..8) in the NGAP Paging message.
Proposal 2: no need to include additional IE in the NGAP Paging message to signal UE capability.
Proposal 3: RAN3 to discuss how to realize simple re-mapping in the gNB. Send an LS to RAN2 to broadcast CN_sg. 
Proposal 4: AMF sends in the NG Setup Response message the CN_sg number of CN subgroups used by AMF.
Proposal 5: the AMF may send to the gNB in the NGAP SETUP RESPONSE message or the AMF CONFIGURATION UPDATE message for assistance information on a per TA basis the average fraction of UEs supporting CN subgrouping, either as a percentage or as a number of equivalent L1 bits out of 8 (e. g. 6/8).
Proposal 6: add the UE Subgroup Information in the NGAP Core Network Assistance for RRC_INACTIVE Information IE. 
Proposal 7: wait RAN2 decision on whether the UE can use subgrouping feature outside the last serving cell before discussing XnAP potential impacts.

Proposal 8: agree the NGAP CR in [4].
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