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1. Introduction
In RAN2#116-e meeting [1], the agreements were made regarding paging sub-grouping, as copied in Annex A.
In RAN1#107-e[3], the agreement is made, as copied in Annex B.
In this contribution, we will further discuss remaining open issues on PEI and paging subgrouping.
2. Discussion
2.1. Subgrouping method determination

There are below possible paging subgrouping methods under discussion [1]:

· CN-assigned subgrouping: the UE subgroup is assigned directly by CN. When AMF assigns a UE with a paging subgroup, some NAS signaling should be introduced or extended between AMF and UE to inform the UE about its paging subgroup ID.
· UE-ID based subgrouping: the UE subgroup ID is calculated based on UE-ID. The total number, Nsg-UEID, of subgroups supported by the network is provided by RAN, e.g. it can be broadcasted in System Information.
Based on above methods, we take below Figure 1 as example for general UE subgrouping Procedure.
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Figure 1:  Paging subgrouping procedure

From UE point of view, UE determines the paging subgrouping as below steps:

· Step 1:  UE subgroup determination based on UE characteristics
· Step 2/3: UE subgroup information assignment. For example, UE initiates the registration procedure, which triggers CN to assign UE subgroup ID if CN-assigned subgrouping is supported and applied. UE subgroup ID is provided via NAS message, e.g. Registration Accept message. Naturally, the subgrouping assignment should be consistent over a registration area. In Step 3, CN transfers UE subgroup information to gNB.

Step 4/6: Radio resource configuration of paging subgrouping is provided from gNB. Meanwhile, UE-ID based subgrouping configuration may be also provided if UE-ID based subgrouping is supported and applied, e.g. the total number, Nsg, of subgroups from gNB network. 
· Step 7: UE monitors paging based on subgrouping from NW.
Considering the RAN2#116-e agreement that “Both UE ID based and CN based subgrouping can be supported simultaneously in a cell, it is allowed to just support one of them”, In our understanding, CN controlled subgrouping should be determined at CN. Both CN-assigned and UE-ID based subgrouping methods would be optional, i.e., UE subgroup ID is optionally provided by NAS message, while the number of subgroupings is also optionally present in system information.

When Both UE ID based and CN based subgrouping can be supported simultaneously in a cell，then open issue is how the UE decides its subgroup. We think CN-assigned subgrouping has higher priority. From UE perspective, 

· if the UE is assigned a subgroup ID from CN, this subgroup ID will be used for paging monitoring. 

· Else, if a UE is not assigned a subgroup ID from CN, it could calculate the subgroup based on its UE-ID if the gNB provides the number of subgroups. 

· Otherwise, paging without subgrouping will be performed.

It’s worth noting that, below case shall be avoided in NW deployment/configuration: NW provided a subgroup ID for CN-assigned subgrouping or the number of subgroups for UE-ID based subgrouping, but UE cannot get the corresponding radio resource or configuration for UE subgrouping. We do think this case is rare unless the CN and RAN have inconsistent capability on paging subgrouping.  In this case, the UE shall handle it as invalid configuration, and monitor paging without subgrouping.
Proposal 1: If a subgroup ID is provided from CN, UE applies CN-assigned subgrouping for paging monitoring. Else, if the number of subgroups is provided from gNB, the UE applies UE-ID based subgrouping. Otherwise, the UE monitors paging without subgrouping.

2.2. Radio Resource Mapping for UE subgrouping
UEs monitors the PEI on the configured radio resources. According to RAN1#107 agreement, For PDCCH-based PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s). The paging indication field of PEI DCI format comprises POnumPerPEI segment(s) of K bits. Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s). POnumPerPEI is configurable via SIB for the cell with the value range of {1, 2, 4, 8}. UE identifies its paging indication bit based on its PO index calculation. 

Proposal 2: The number of POs mapping to the one PEI (i.e. POnumPerPEI) is configured in system information.
2.3. PEI in eDRX

In RAN2#116-e, it’s agreed that “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.” eDRX supporting UEs are assumed to support the UE capability on PO determination. Considering paging subgrouping is used to subgroup the UEs within one PO, it can be supported no matter eDRX is configured or not. We will discuss the following cases that PEI in eDRX.

· Case1: When eDRX cycle is not longer than 10.24s.

· Case2:  When eDRX cycle is longer than 10.24s.
In case1, there is no PTW, UE monitors PEI before PO according to the parameters PEI-F_offset which represents the frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O to the start of a reference frame for PEI-O.  In this case, there is no difference from DRX case.
In case2,  the PTW will be configured. In our understanding, the case is similar to the (G)WUS case in LTE and NR should follow the LTE case. And in LTE, for a UE, the (G)WUS can be associated with one or multiple paging occasion(s) in a PTW. Hence in NR the offset between PO and PEI-O is different from the DRX case and new parameters may need to be introduced, besides the number of PO for a UE corresponding to the PEI needs to be indicated.
Proposal 3: Paging subgrouping could be applied no matter eDRX is configured or not. The paging subgrouping in eDRX case without PTW is same as DRX case. In case of eDRX with PTW, the offset between PEI-O and PO, and the number of PO associated with PEI for a UE need to be indicated.
2.4. SubgroupID determination in UE_ID based subgrouping
As agreed in RAN2#116-e, “RAN introduces a new parameter Nsg-UEID to indicate its support of UE_ID based subgrouping. For UE_ID based subgroups the UE identity is UE_ID = 5G-S-TMSI mod X, where X is 8192 (1024*8) ”. When UE_ID based subgrouping is configured, Nsg-UEID is provided in system information. UE shall determine its subgroup index within the UE_ID based paging subgroups based on the below formula.

UE_SubgroupIndex = floor (UE_ID/(N*Ns)) mod Nsg-UEID
Where, UE_ID = 5G-S-TMSI mod 8192.

Proposal 4: For UE_ID based subgrouping, UE determines its subgroup in formula: UE_SubgroupIndex = floor (UE_ID/(N*Ns)) mod Nsg-UEID, Where, UE_ID = 5G-S-TMSI mod 8192.
2.5. RAN Capability on subgrouping
RAN may support both UE ID based and CN based subgrouping simultaneously, or just support one of them, even not support any type of subgrouping. UE needs to know RAN capability on CN-assigned subgrouping and UE-ID based subgrouping, otherwise, there may be confusion on the subgrouping configuration. The RAN capability can be known based on system information.

As agreed in RAN2#116-e, “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.” There could be several signaling options for RAN capability on subgrouping:

Option-1: implicitly based configuration. For example:

· The configuration for CN-assigned subgrouping is absent if RAN does not support it.
· The subgroupsNumPerPO for UE-ID based subgrouping is zero if RAN does not support it.
Option-2: explicit indication. For example:
· explicit indication for supporting CN-assigned subgrouping
· explicit indication for supporting UE-ID based subgrouping
Therefore, we propose that:
Proposal 5: RAN capability on CN-assigned subgrouping is known based on system information. FFS with an explicit indication or implicitly based configuration.
Proposal 6: RAN capability on UE_ID based is known based on system information. FFS with an explicit indication or implicitly based configuration. 

2.6. Use cases for NW capability
In case CN does not support CN-assigned 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#116-e agreement that “Both UE ID based and CN based subgrouping can be supported simultaneously in a cell, it is allowed to just support one of them.”, the case that CN does not support subgrouping should be same as the case that CN doesn’t provide subgrouping information. 

Proposal 7: CN does not support or apply subgrouping if the CN assigned subgroup ID is absent for UE.
From gNB point of view, paging subgrouping capability needs to consider CN-assigned and UE-ID based methods. Assuming CN supports and applies CN-assigned subgrouping, we need to discuss the scenarios based on gNB capability. 
Case 1: gNB supports CN-assigned subgrouping. 
· Case 1.1: gNB does not support UE-ID based subgrouping or does not provide information/configuration for UE-ID based subgrouping. 

In this case, at the UE and gNB side, CN-assigned subgrouping will be applied. 
· Case 1.2: gNB supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 
In this case, we shall consider the co-existence of CN-assigned subgrouping and UE-ID subgrouping. In RAN2#116e, it was agreed that “Assume that one subgroup indication refer to either CN-assigned subgroups or UE-ID based subgroup (no overlapping). ”, then the paging subgroups for CN-assigned subgrouping and UE-ID based subgrouping are split. 

It’s also agreed that “The total number of CN-assigned subgroups that is used is not fixed can be configured up to 8 (e.g. by OAM). RAN introduces a new parameter Nsg-UEID to indicate its support of UE-ID based subgrouping.” R2 assumes that all the cells within the registration area support the same number of CN-assigned subgroups, and for UEID-based subgroup method the total number, Nsg-UEID, of supported subgroups is controlled on a cell basis and can be different in different cells. Therefore, we propose that CN decides the total number of CN-assigned subgroups, e.g. Nsg-CN. Considering the maximum number of subgroups can be up to 8, to support simultaneous CN-assigned and UE_ID based subgrouping with the maximum subgroups, the number of UE-ID based subgrouping Nsg-UEID can be up to 8- Nsg-CN.
Proposal 8: In case of simultaneous CN-assigned and UE_ID based subgrouping, the subgroups for CN-assigned subgrouping and UE-ID based subgrouping are split.  CN decides the total number of CN-assigned subgroups, e.g. Nsg-CN. The number of UE-ID based subgrouping (i.e. Nsg-UEID) can be up to 8- Nsg-CN. 
Another open issue is how to determine the subgroup ID for the coexistence case. Due to the above reason, For CN assigned subgroups, the subgroup ID is the CN assigned ID. 
For UE-ID based subgroups, the subgroup ID is UE_SubgroupIndex + Nsg-CN. 
Where, UE_SubgroupIndex = floor (UE_ID/(N*Ns)) mod Nsg-UEID.  UE_ID = 5G-S-TMSI mod X, X is 8192 (1024*8)
Proposal 9: For CN assigned subgroups, the subgroup ID is the CN assigned ID. For UE-ID based subgroups in coexistence case, the subgroup ID is UE_SubgroupIndex + Nsg-CN. Where, UE_SubgroupIndex = floor (UE_ID/(N*Ns)) mod Nsg-UEID.  UE_ID = 5G-S-TMSI mod 8192. 
Case 2: gNB does not support CN-assigned subgrouping. 
· Case 2.1: gNB does not support UE-ID based subgrouping or does not provide information/configuration for UE-ID based subgrouping. 
For Case 2.1, gNB will not provide any resource configuration for subgrouping for either CN-assigned subgrouping or UE-ID based subgrouping. On the UE side, subgrouping based paging will not be applied. 

The open issue is that, if no subgrouping is used, FFS whether the UE will use PEI. In our understanding, if the PEI doesn’t indicate the UE to monitor paging message, the UE can skip the corresponding paging reception. Based on our evaluation in Table 1, which is discussed in [2], the power saving gain is substantial. Therefore, PEI could be used alone separate feature without subgrouping.
Table 1: Power saving gain comparison of Paging enhancement with UE grouping
	Paging enhancement schemes
	Power saving gain

(vs. Rel 16 baseline paging method)

	
	PO paging rate =10%
	PO paging rate =20%
	PO paging rate =40%

	
	Low SINR (with 3 SSBs before PO)
	High SINR

(with/without RRM relaxation)
	Low SINR (with 3 SSBs before PO)
	High SINR

(with/without RRM relaxation)
	Low SINR (with 3 SSBs before PO)
	High SINR

(with/without RRM relaxation)

	PDCCH-based PEI
	25.1%
	-
	21.6%
	-
	14.6%
	-

	PDCCH-based PEI with subgrouping: 

(4 sub-groups)
	29.17%
	-
	27.5%
	-
	27.34%
	-

	Note 1: ‘-’ denotes the power saving gain is smaller than 0.


Proposal 10: PEI could be used alone as a separate feature without subgrouping.
· Case 2.2: gNB supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 
For Case 2.2, gNB does not know whether CN-assigned subgrouping is applied. gNB will send 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 the network and UE sides. 
Therefore, we propose RAN2 to check whether this case is valid or how to determine UE subgrouping for this case. 

Observation 1: In case CN supports and applies CN-assigned subgrouping, inconsistent paging transmission and reception may happen between network and UE sides, if gNB does not support CN-assigned subgrouping, but supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping. 
Proposal 11: For the case that the UE is configured with a CN-assigned subgroup ID, while the Cell only supports UE-ID based subgrouping. FFS whether this case is valid or how to determine UE subgrouping for this case.
we think network deployment/configuration should avoid such a 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. 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-assigned subgrouping will be applied. 
Proposal 12: UE will apply CN-assigned subgrouping when the UE receives subgroup assigned from CN. 
Proposal 13: UE will apply UE-ID based subgrouping when the UE does not receive subgroup assigned from CN, but received subgroup number from RAN. 

2.7. Non-using cases

An open issue is whether restrict the PEI monitoring by UE to the last used cell or a certain area scope.
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 concluded yet for CN-assigned 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. it’s flexible to configure the applied scope of PEI. 
Proposal 14:  Define or configure the applied scope of PEI (e.g. RNA area) .
Furthermore, it’s open that “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.” In our understanding, UE’s paging subgrouping related information should be in a forwarded RAN paging message. It makes sense to apply paging subgrouping in RNA area, especially in case of many UEs with high mobility.
Proposal 15: UE’s paging subgrouping related information should be exchanged between gNBs to inform each other about the UE’s subgroup for RAN paging. FFS information details.
3. Conclusion

In this contribution, we discuss the remaining issues on PEI and subgrouping. Based on the discussion, we have the following observations and proposals:

Observation 1: In case CN supports and applies CN-assigned subgrouping, inconsistent paging transmission and reception may happen between network and UE sides, if gNB does not support CN-assigned subgrouping, but supports UE-ID based subgrouping and provides information/configuration for UE-ID based subgrouping.
Proposal 1: If a subgroup ID is provided from CN, UE applies CN-assigned subgrouping for paging monitoring. Else, if the number of subgroups is provided from gNB, the UE applies UE-ID based subgrouping. Otherwise, the UE monitors paging without subgrouping.

Proposal 2: The number of POs mapping to the one PEI (i.e. POnumPerPEI) is configured in system information.
Proposal 3: Paging subgrouping could be applied no matter eDRX is configured or not. The paging subgrouping in eDRX case without PTW is same as DRX case. In case of eDRX with PTW, the offset between PEI-O and PO, and the number of PO associated with PEI for a UE need to be indicated.
Proposal 4: For UE_ID based subgrouping, UE determines its subgroup in formula: UE_SubgroupIndex = floor(UE_ID/(N*Ns)) mod Nsg-UEID, Where,  UE_ID = 5G-S-TMSI mod 8192.
Proposal 5: RAN capability on CN-assigned subgrouping is known based on system information. FFS with an explicit indication or implicitly based configuration.

Proposal 6: RAN capability on UE_ID based is known based on system information. FFS with an explicit indication or implicitly based configuration.
Proposal 7: CN does not support or apply subgroupings if the CN assigned subgroup ID is absent for UE.
Proposal 8: In case of simultaneous CN-assigned and UE_ID based subgrouping, the subgroups for CN-assigned subgrouping and UE-ID based subgrouping are split.  CN decides the total number of CN-assigned subgroups , e.g. Nsg-CN. The number of UE-ID based subgrouping (i.e. Nsg-UEID) can be up to 8- Nsg-CN.
Proposal 9: For CN assigned subgroups, the subgroup ID is the CN assigned ID. For UE-ID based subgroups in coexistence case, the subgroup ID is UE_SubgroupIndex + Nsg-CN. Where, UE_SubgroupIndex = floor (UE_ID/(N*Ns)) mod Nsg-UEID.  UE_ID = 5G-S-TMSI mod 8192.
Proposal 10: PEI could be used alone as a separate feature without subgrouping.
Proposal 11: For the case that the UE is configured with a CN-assigned subgroup ID, while the Cell only supports UE-ID based subgrouping. FFS whether this case is valid or how to determine UE subgrouping for this case.
Proposal 12: UE will apply CN-assigned subgrouping when the UE receives subgroup assigned from CN. 

Proposal 13: UE will apply UE-ID based subgrouping when the UE does not receive subgroup assigned from CN, but received subgroup number from RAN.
Proposal 14:  Define or configure the applied scope of PEI (e.g. RNA area).
Proposal 15: UE’s paging subgrouping related information should be exchanged between gNBs to inform each other about the UE’s subgroup for RAN paging. FFS information details.
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5. Annex A  RAN2#116-e agreement
	· Assume that one subgroup indication refer to either CN-assigned subgroups or UE-ID based subgroup (no overlapping)
· Both UE ID based and CN based subgrouping can be supported simultaneously in a cell, it is allowed to just support one of them. 

· FFS if the total number of CN-assigned subgroups is OAM configured. Max would be 8 as this is what RAN support. 

· The total number of CN-assigned subgroups that is used is not fixed 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 based subgrouping and UEID 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. 

· We send an LS (short post email discussion)

· [Post116-e][060][ePowSav] LS out on paging subgouping and PEI (XIaomi)


Scope: LS out on RAN2 agreements on paging subgrouping and PEI, to concerned groups 


Intended outcome: Approved LS out (R2-2111415)


Deadline: Super Short (not for RP) 

· 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.  


6. Annex B  RAN1#107 agrement
	Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)

· POnumPerPEI is a factor of [image: image2.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 subgroupsNumPerP 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 
· The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
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 is absent or set to 0 or 1,
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· UE identifies its paging indication bit as follows:

· Let [image: image6.png]






















 denote the relative PO index, with starting value of 0, among the POs associated with the PEI

· [image: image7.png]= ((UE_ID mod N) x N, + i_s) mod POnumPerPEI
























 , where [image: image8.png]UEID,N, N_ and i_s























 are as defined in clause 7 of TS 38.304
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 when K = 1 and UE is not provided a subgroup index
· [image: image10.png]0<i, <K























 when UE is provided a subgroup index

· UE checks the corresponding paging indication from [image: image11.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
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