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Introduction

RAN has updated the WID on UE Power Saving Enhancements and allocate TU(s) to RAN3. In the previous RAN3#114 meeting, RAN2 sent LS in [1] to RAN3 to inform RAN2’s detail paging subgrouping solutions e.g.,CN-assigned subgroup, and UEID-based subgroup as below. The purpose of paging subgrouping is to reduce UE power consumption by dividing  UEs within a paging occasion into multiple subgroups.
RAN2 discussed UE paging subgrouping as part of the Rel-17 work on UE power saving enhancement (see RP-200938), in order to reduce power consumption in the UE due to false paging alarms (i.e. when the UE receives a paging message on PDSCH on its paging occasion, which is not intended for that UE). This is done by further dividing the UEs within a paging occasion into multiple subgroups. A UE will decode the Paging message in its Paging occasion only if it is received an indication that its subgroup is being paged. Two subgrouping approaches have been agreed, namely CN-assigned subgrouping and UEID-based subgrouping. No CN impact has been identified for UE-ID based subgrouping. The following provides the detailed agreements below for the 2 approaches:

CN-assigned subgrouping

CN assigns subgroup ID.

When AMF has assigned a UE with a Paging subgroup, some NAS signalling should be supported between AMF and UE to convey the related information to the UE. Exact information is FFS. The design and procedure are up to SA2/CT1.

When AMF has assigned a UE with a Paging subgroup, some signalling should be supported between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE. Exact information is FFS. The message(s) and associated design are up to RAN3. 

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.

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.

UEID-based subgrouping

UEID-based subgroup method requires, in addition to the already available information for legacy UEID-based grouping in PO, the total number of supported UEID-based subgroups by the network.

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.

Coexistence of CN-assigned and UEID-based subgrouping

R2 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 (will revisit only if serious issues are found). 

For the purpose of continued discussions, R2 assumes that UE has separate UE capabilities for CN assigned and UEID based subgrouping, the actual decision to be taken later. 

RAN capability is known based on broadcast information. FFS with explicit indication or implicitly based configuration.
In this meeting , RAN3 receives the LS[2] from RAN2  on updated RAN2’s progress on UE power saving as below, and RAN2 asks RAN3 to provide further information on the following issue once concluded: Signalling between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE, e.g., to convey Subgroup ID, UE capability, etc.
RAN2 discussed UE paging subgrouping as part of the Rel-17 work on UE power saving enhancement (see RP-200938). On paging subgrouping, the following provides the detailed agreements for the 2 approaches (CN-assigned subgrouping and UE ID-based subgrouping):

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 also discussed the Paging Early Indication, and agreed to the following:

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. 

We provide discussion on RAN3 impact on UE paging subgroup in this contribution. The corresponding  CRs to TS38.413, TS38.473,and TS38.423 are provided in [6][7][8].
Discussion
CN-assigned subgrouping

According to latest RAN2’s stage2 running CR[3] , for CN-assigned subgrouping solution, AMF is responsible for assigning UE subgroup information, including subgroup ID, to the UE based on its characteristics. The following figure from[3] describes the procedure for CN controlled subgrouping:


[image: image1.wmf]U

E

g

N

B

A

M

F

1

.

 

U

E

 

s

u

b

g

r

o

u

p

 

d

e

t

e

r

m

i

n

a

t

i

o

n

b

a

s

e

d

 

o

n

 

U

E

 

c

h

a

r

a

c

t

e

r

i

s

t

i

c

s

2

.

 

U

E

 

s

u

b

g

r

o

u

p

 

i

n

f

o

r

m

a

t

i

o

n

 

a

s

s

i

g

n

m

e

n

t

3

.

 

U

E

 

s

u

b

g

r

o

u

p

 

i

n

f

o

r

m

a

t

i

o

n


Figure 9.2.5-1: Procedure for CN controlled subgrouping 
From the above figure, some signalling should be supported between AMF and gNB(s) to inform gNB(s) about the related subgroup information, RAN2 also indicates that in the above LS[2] as below:
Signalling between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE, e.g., to convey Subgroup ID, UE capability, etc.
Furthermore, in the reply LS from SA2[4], SA2 indicates:

If the AMF has determined assistance information for Paging Subgroup, the AMF shall deliver the information to the UE during Registration and the NG-RAN in the NGAP Paging Message or RRC Inactive Assistance Information for support of paging a NR UE in CM_IDLE or CM_CONNECTED with RRC Inactive state.
So, we propose to Introduce UE Paging Subgroup Information IE into PAGING message and  Core Network Assistance Information IE for RRC INACTIVE IE over NGAP for paging a UE in RRC_IDLE/RRC_INACTIVE, where UE paging subgroup information IE includes at least UE Paging Subgroup ID.

Furthermore, according to RAN2 agreement, the number of CN assigned subgroups is same among all cells within the registration area, the total number of CN-assigned subgroups can be configured by OAM up to 8. In the RAN2’s 38.304 running CR, the CN assigned subgroup ID is defined between 0 to 7. 
Paging with CN assigned subgrouping is only used in the cell which supports CN assigned subgrouping by the indication provided in system information through [TBD]. A UE supporting CN assigned subgrouping in RRC_IDLE or RRC_INACTIVE state can be assigned a subgroup ID (between 0 to 7 by AMF through NAS signalling. The UE belonging to the assigned subgroup ID monitors its associated PEI which includes the paged subgroup(s) as specified in clause 7.x.
Proposal 1: For NGAP, Introduce Paging Subgroup Information IE into PAGING message and  Core Network Assistance Information for RRC INACTIVE IE over NGAP , where Paging Subgroup Information IE includes at least UE Paging Subgroup ID (between 0 to 7). 

In order to support subgrouping efficient, there seems two kinds of "Assistance information to CN". The first one is UE provides assistance information to CN. The other one is assistance information between RAN and CN. According to RAN2’s agreement,  it is possible to support UE assistance information to CN in support of paging subgroup assignment (e.g,  paging probability and power profile attributes). We assume such UE assistance information can be carried by NAS signaling to CN, No RAN3 impact expect here. For assistant information between RAN and CN, it is pending to RAN2’s further progress.

Proposal 2 :  For NGAP, Whether the grouping assistance information between CN and gNB is needed is  pending to RAN2’s further progress.
Considering F1 paging, the UE Paging Subgroup ID is also needed in F1 paging message for paging a UE in RRC_IDLE/RRC_INACTIVE. And in RAN3#113 meeting , The following agreement is already achieved by RAN3: “Agree that some subgroup information should be sent over NG and F1”. So, we propose to Introduce UE Paging Subgroup Information IE into PAGING message over F1AP.
Proposal 3: For F1AP, Introduce similar Paging Subgroup Information IE into PAGING message. 

According to RAN2’s LS[1] as below, It is FFS whether Paging Subgroup Information is needed in XnAP paging message.
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.

RAN2 also discussed the Paging Early Indication (PEI), UEs needs monitor and decode the received PEI (which carries subgroup ID), then only the UEs belonging to the specific subgroup  in the PEI monitor the associated PO. In LTE the UEs only monitors the WUS in the last used cell due to UEs are mainly stationary (e.g,NBIoT), so there is a proposal that similar principle like WUS can be applied for PEI, that is UEs only monitors PEI in last used cell. In this case, XnAP paging messages do not need to carry a subgroup ID. 

We notice that RAN2 had not reached a conclusion on whether UEs only monitors PEI in last used cell until the last meeting. Some companies think such a restriction would eliminate the power saving benefits when there are many UEs move from last served cell. So, we propose Introduce UE Paging Subgroup Information IE into Xn PAGING message, but note it needs to be checked according RAN2’s further progress.
Proposal 4: For XnAP, Introduce Paging Subgroup Information IE into RAN PAGING message(it needs to be checked according RAN2’s further progress, e.g, whether to restrict PEI in last used cell).
UEID-based subgrouping

According to latest RAN2’s stage2 running CR[3] , for UEID-based subgrouping solution, gNB and UE can determine the subgroup ID based on the UE ID and the total number of UEID-based subgroups.The following figure describes the procedure for UE ID based subgrouping:
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Figure 9.2.5-2: Procedure for UE ID based subgrouping

RAN2 concludes that number of UEID based supported subgroups is controlled on a cell basis and can be different in different cells, we think OAM can configure  such group number per cell, for CU/DU split gNB, the DU can configure such number for cells. 

Furthermore, RAN2 assumes that UEs capability of supporting the UE ID-based subgrouping is reported to RAN by AS UE capability signalling. if CN subgroup ID is not provided, the gNB-DU shall know whether the UE supports UEID-based subgrouping or not, then DU decides using UEID-based subgrouping paging or legacy paging. However, the UE Radio Capability for Paging information is not present in current F1 paging message, So , it is proposed to add UEID-based subgrouping support indication in F1 paging message.

If the PEI is not restricted in last used cell, when Xn RAN Paging trigges paging in other gNBs, Since UEs capability of supporting the UE ID-based subgrouping is reported to RAN by AS UE capability signalling, we assume the neighbour gNBs can derive whether UE supports UEID-based subgrouping or not via existing UE Radio Capability for Paging IE in RAN paging message. So, no RAN3 impact here.
Proposal 5 : For F1AP, Introduce UEID-based subgrouping support indication IE into PAGING message.

 Co-exist of CN-assigned and UEID-based subgrouping

RAN2 agreed both UE ID-based and CN-assigned  subgrouping can be supported simultaneously in a cell, and “no overlapping” rule is applied, which means CN-assigned subgroups shall not be remapped to UEID-based subgroup. An example in [6] is there are two separate sets of subgroups at the same time, e.g., X (>=0) number of L1 subgroups for CN based subgroups and the rest are for UE-ID based subgrouping as show in the figure. Note X is less than subgroupsNumPerPO.
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Figure 1: an example of Co-exist case 

From the above figure, CN-based subgrouping will have priority in utilizing PEI indication capacity, which means UEID-based subgrouping can only utilize the rest of capacity( subgroupsNumPerPO-X subgroups assigned by CN). According to RAN2’s agreement, a new parameter Nsg-UEID is introduce to SIB to indicate the total number of UE ID-based subgroups supported by the cell.  However, the gNB needs be aware of the total number of subgroups supported by CN, the it can configure the Nsg-UEID per cell.  

If the total number of groups supported by CN is static, e.g, RAN2 assumes that all the cells within the registration area supports the same number of CN assigned subgroups, there is no need for CN to inform such number to gNB.  Addition, RAN2 has achieved the following agreement “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.” so, The gNB or DU can know the total number of CN-assigned subgroups via OAM, No RAN3 impact here at this stage.
Proposal 6 :   No RAN3 impact on co-exist of CN-assigned and UEID-based subgrouping at this stage.
Proposal 7 :   The draft reply LS on paging subgrouping and PEI to RAN2 is provide in Annex. 
Conclusion
For CN-assigned subgrouping , there are proposals(1-4) as below：

Proposal 1: For NGAP, Introduce Paging Subgroup Information IE into PAGING message and  Core Network Assistance Information for RRC INACTIVE IE over NGAP , where Paging Subgroup Information IE includes at least UE Paging Subgroup ID (between 0 to 7). 

Proposal 2 :  For NGAP, Whether the grouping assistance information between CN and gNB is needed is  pending to RAN2’s further progress.
Proposal 3: For F1AP, Introduce similar Paging Subgroup Information IE into PAGING message. 

Proposal 4: For XnAP, Introduce Paging Subgroup Information IE into RAN PAGING message(it needs to be checked according RAN2’s further progress, e.g, whether to restrict PEI in last used cell).
For UEID-based subgrouping , there are proposals as below:

Proposal 5 : For F1AP, Introduce UEID-based subgrouping support indication IE into PAGING message.

Proposal 6 :   No RAN3 impact on co-exist of CN-assigned and UEID-based subgrouping at this stage.

Proposal 7 :   The draft reply LS on paging subgrouping and PEI to RAN2 is provide in Annex. 
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1. Overall Description:

RAN3 thanks RAN2 for LS on the paging subgrouping and PEI.
RAN3 would like to inform RAN2 that there are impact on specifications,e.g., TS38.413,TS38.423,and TS38.473 and some stage2 specifications. RAN3 has agreed to Introduce Paging Subgroup Information IE into PAGING message and  Core Network Assistance Information for RRC INACTIVE IE over NGAP, introduce  UE-ID based Subgrouping Support Indication IE into F1 paging message, and introduce Paging Subgroup Information IE into Xn/F1 paging message. (note: XnAP needs to be checked according RAN2’s further progress, e.g, whether to restrict PEI in last used cell.)
2. Actions:

To RAN2 group.

ACTION: 
RAN3 kindly asks RAN2 to take the above information into consideration. 
3. Date of Next RAN3 Meetings:
3GPP RAN3#115-e

Feb 21-25  2022
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