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1 Introduction
The following agreements were made in the previous RAN2 #116 meetings [1] on paging subgrouping and paging early indication:

	· Assume that one subgroup indication refers to either CN-assigned subgroups or UE ID-based subgroup (no overlapping)

·  Both UE ID-based and CN-assigned subgrouping can be supported simultaneously in a cell, it is allowed to just support one of them. 

· The total number of CN-assigned subgroups that is used is not fixed and can be configured up to 8 (e.g. by OAM). No impact on signalling is assumed.

· RAN introduces a new parameter Nsg-UEID to indicate its support of UE ID-based subgrouping. 

· RAN does not support any type of subgrouping if its configuration for subgrouping is either absent or nullified (e.g. subgroupsNumPerPO is either absent or set to zero). FFS for the signalling details.

· We assume separate indications for UE capability of CN-assigned subgrouping and UE ID-based subgrouping. 

· UE’s capability of supporting the UE ID-based subgrouping is reported to RAN by AS UE capability signalling while R2 assumes that UE’s capability of supporting the CN-assigned subgrouping is reported to CN by NAS signalling. 

· RAN2 assumes that if PEI is detected, and the PEI indicates that the UE has to monitor the associated PO, then the UE monitors paging DCI in the associated PO, including scheduling information for paging PDSCH (if included) as in legacy. This assumption may be updated based on RAN1 agreements.

· As a baseline RAN2 has a preference to support PEI with both DRX and eDRX, but potential issues (e.g. PEI and PTW) are FFS.

· For UE ID-based subgroups the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*8). 

· Introduce a UERadioPagingInfo IE in the UECapabilityInformation message in NR in Rel-17. 

· If the UE was not able to monitor the PEI occasion corresponding to its PO, the UE shall monitor the PO. 




And the following agreements were made in the previous RAN1 #106-bise meetings:

	Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
        POnumPerPEI is a factor of [image: image1.png]N X N_



 (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}

· The Maximum number of PF associated with one PEI is up to 2
        Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
        Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).
Agreement
Confirm the following working assumption:
Working Assumption
· The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
· K = 1, if [image: image2.png]subgroupsNumPerPO



 is absent or set to 0 or 1,
· K = [image: image3.png]subgroupsNumPerPO



, if [image: image4.png]2 < subgroupsNumPerPO < 8



 is configured.
· UE identifies its paging indication bit as follows:
· Let [image: image5.png]


 denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: image6.png]= ((UE_ID mod N) x N, + i_s) mod POnumPerPEI




 , where [image: image7.png]UEID,N, N_ and i_s



 are as defined in clause 7 of TS 38.304
· [image: image8.png]


 when K = 1 and UE is not provided a subgroup index
· [image: image9.png]0<i, <K



 when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: image10.png](ipp X K+ ics)



-th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO

· If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO

Agreement
For PEI DCI format, defined as DCI format 2_7,
· Total number of bits for paging indication filed is POnumPerPEI, if [image: image11.png]subgroupsNumPerPO



 is absent or set to 0 or 1, and the number is [image: image12.png](POnumPerPEI x subgroupsNumPerPO0)



, if [image: image13.png]2 < subgroupsNumPerPO < 8



 is configured.
· For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
· Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
· Support configurable DCI payload size which should be no larger than payload size of paging DCI
· Unused bits, when applicable, are regarded as reserved bits
· Note: A smaller payload size is beneficial for PEI detection performance



And on the draft RRC parameters list for R17 power saving in RAN1 [3], a new parameter, subgroupsNumPerPO, was introduced to indicate the “Number of subgroups supported per PO in the cell, for UE to read the subgroup indication from physical layer signaling”:

	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment

	8.7.1.1 Paging Enh.

	
	Paging enhancement
	38.213
	 
	
	 
	subgroupsNumPerPO
	new
	 
	Number of subgroups per Paging Occasion (PO) for UE to read subgroups indication from physical-layer singling
	TBD with maximum of 8 
	 
	per cell
	cell-specifc
	 
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


In the meanwhile, Running CR 38304 [4] has left a lot of open issues on paging Sub-grouping and paging early indication. In this contribution, we provide some views on remaining open issues on PEI monitoring. 
2 Discussion
2.1 Paging subgrouping
RAN2 has agreed that both UE ID-based and CN-assigned subgrouping can be supported simultaneously in a cell, it is allowed to just support one of them while the signalling is FFS.
Since RAN1 decided the total number of L1 subgroups per PO (subgroupsNumPerPO), and we need to know how to hard split those L1 subgroups into the 2 methods (No overlapping). RAN2 has also agreed to introduce a new parameter Nsg-UEID to indicate its support of UE ID-based subgrouping. And this parameter is anyway needed to be explicitly signaled by the network as it is needed by to do the module operation, thus it can be used as hard split point. If Nsg-UEID is less than subgroupsNumPerPO, it means not all L1 subgroupings are used by UEID based subgrouping and the remaining L1 subgroupings can be potentially for CN assigned subgrouping. If Nsg-UEID =0, the UE will know that no L1 subgroupings are used by UEID based subgrouping and all the L1 subgroupings are for CN assigned subgrouping. When Nsg-UEID is absent, all the all the L1 subgroupings are for UE-ID based subgrouping and the UEs only capable of CN assigned subgrouping do not understand and process Nsg-UEID. To summarize:
· Coexist: 0 < Nsg-UEID < subgroupsNumPerPO 
· For a UE having a CN-assigned subgroup ID, the UE will use the CN-assigned subgroup ID when monitoring PEI; 

· For a UE having no CN-assigned subgroup ID and being capable of UEID-based subgrouping, the UE will uses Nsg-UEID to hash out the subgroup ID when monitoring PEI;
· CN-assigned only: Nsg-UEID = 0
· For a UE having a CN-assigned subgroup ID, the UE will use the CN-assigned subgroup ID when monitoring PEI; 
· For a UE having no CN-assigned subgroup ID (including capable of UE-ID based only UE), the UE do not need to monitor PEI and will be paged in the legacy way.
· UE-ID base only: Nsg-UEID is absent

· For a UE capable of UEID-based subgrouping, the UE will uses Nsg-UEID to hash out the subgroup ID when monitoring PEI;
· For a UE capable of CN-assigned subgroup only, the UE the UE do not need to monitor PEI and will be paged in the legacy way.
Proposal 1: RAN2 confirms its support for UE-ID based subgrouping and/or CN-assigned subgrouping by introducing subgroupsNumPerPO and Nsg-UEID:

· Coexist: 0 < Nsg-UEID < subgroupsNumPerPO 

· CN-assigned only: Nsg-UEID = 0

· UE-ID base only: Nsg-UEID is absent
Since RAN2 assumes that all the cells within the registration area supports the same number of CN assigned subgroups, i.e. no remapping of CN assigned group ID to RAN subgroup ID and SA2 has agreed that all AMFs with an overlapping coverage area use a consistent policy in allocating UEs to the paging subgroups, we assume that RAN can know the total number of CN-assigned subgroups that is used by OAM and reserve reasonably number of Lay1 subgroups for CN-assigned subgroups. If the reserve number of Lay1 subgroups for CN-assigned subgroups is enough, UE having a CN assigned subgroup ID can find the right Lay1 subgroup with a 1-to-1 mapping, thus no remapping is applied. Some people may say, the PEI DCI format can support up to limited, e.g., 32 bits for Lay1 subgroups. It is true. But we believe the gNB can configure properly, e.g., less number of PF associated with one PEI or less number for UE-ID based subgrouping to ensure this since we have agreed that CN-assigned subgrouping should be the first priority.
However, if people still concern that the CN-assigned subgroups should not be restricted, we can distribute UEs with larger CN assigned subgroups to the last Lay1 subgroup intend for CN assigned subgrouping as in LTE.

Proposal 2: RAN2 confirms that one CN-assigned subgroup maps to one Lay1 subgroup thus no remapping is needed.

If P2 is agreed, the UE having a CN assigned subgroup ID can directly use it to get the index of Lay1 subgroup (iSG) to read the corresponding bit in the paging indication field where the starting bit index is 0. Note that for the co-existing case, we need to inform UE the corresponding bits of a certain type in the paging indication field. An example is, the Lay1 subgroups for CN assigned are put after the UE ID based subgroups, then the Nsg-UEID can be used as the offset for UE having assigned subgroup ID to calculate the the index of subgrouping (iSG) in the paging indication field.
Proposal 3: RAN2 confirms that UE will use an offset to get the index of subgrouping (iSG) in the paging indication field.

2.2 Other remaining issues
For assistant information, RAN2 has agreed that if RAN2 agrees to support UE assistance information to CN in support of paging subgroup assignment, RAN2 will focus on the paging probability and power profile attributes. This issue had been hotly discussed in the previous meeting and no conclusion is made. 
Considering that UE optionally reporting assistance information as paging probability to help CN determine paging related parameters has been adopted by GWUS mechanism in LTE, we do not think there is strong reason to block this in NR. So we can accept paging probability and we believe UE can have more prediction of the ongoing traffic models would be beneficial. However, for power sensitive situation, we are not sure how this would work. If we assume that the UE assistance information can be sent to CN by NAS, e.g. Registration request, then we cannot expect a UE to trigger a registration request once it is plugged in or out. And this need to be confirmed by SA2/CT1 whether a new trigger will be added for registration request. Considering the very limited time left, we prefer currently we only consider paging probability.

Proposal 4: RAN2 only considers UE providing Paging probability to aid CN in subgroup assignment in R17 PS.
Another remaining issue is about restricting the PEI monitoring by UE to the last used cell or not. People do not want to have this restriction is that PEI can still be used by UE when it moves out of the original cell. Since in NR, most UEs in 5G network would not keep stationary. While for the opponents side, if PEI is used and this paging escalation causes a lot of PEI transmissions. We think both way can work. Considering the very limited time left, we prefer restricting the PEI monitoring by UE to the last used cell as in LTE. Other optimizations can be considered further.
Proposal 5: RAN2 considers restricting the PEI monitoring by UE to the last used cell in R17 PS.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1 RAN2 confirms its support for UE-ID based subgrouping and/or CN-assigned subgrouping by introducing subgroupsNumPerPO and Nsg-UEID:

· Coexist: 0 < Nsg-UEID < subgroupsNumPerPO 

· CN-assigned only: Nsg-UEID = 0

· UE-ID base only: Nsg-UEID is absent
Proposal 2 RAN2 confirms that one CN-assigned subgroup maps to one Lay1 subgroup thus no remapping is needed.

Proposal 3 RAN2 confirms that UE will use an offset to get the index of subgrouping (iSG) in the paging indication field.

Proposal 4 RAN2 only considers UE providing Paging probability to aid CN in subgroup assignment in R17 PS.

Proposal 5 RAN2 considers restricting the PEI monitoring by UE to the last used cell in R17 PS.
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