[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: OLE_LINK198][bookmark: OLE_LINK199]3GPP TSG-RAN WG2 Meeting #115 electronic          	          R2-2108028
Online, 9th Augest – 27th Augest, 2021

Agenda Item:	8.9.2.1
Source: 	Huawei, HiSilicon
Title: 	Discussion on paging subgrouping support in UE and network
Document for:	Discussion and decision
Introduction
During previous RAN2 meetings, the UE subgrouping mechanism has been agreed and there are generally two approaches—network controlled subgrouping and UE ID based subgrouping [1]. Besides, during the last RAN2 meeting, it was agreed that CN would be responsible for allocating UEs to UE paging subgroups.
	We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)
If we go for network controlled subgrouping, If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID). 



In this contribution, we discuss these two types of paging subgrouping and the needed signalling interaction between UE and network for UE capability reporting and indication of the subgrouping from the network.
Discussion
Paging subgrouping support in UE and network
Based on the agreements, there are two types of paging subgrouping method: NW controlled subgrouping and UE ID based subgrouping. From UE capability perspective, the capability of paging subgrouping should be optional for Rel-17 UEs. Furthermore, the NW controlled subgrouping and UE ID based subgrouping can be combined together as a single UE capability, which means that if the UE supports paging subgrouping, the UE supports both NW controlled subgrouping and UE ID based subgrouping simultaneously. If this is the case, then there is no issue from the UE capability prospective because the UE will indeed support both the methods and the benefits of paging subgrouping can be maximum for the UE, since paging subgrouping can always be used no matter which paging subgrouping method is supported in a cell. 
However, based on the comments for email discussion [Post114-e][076][ePowSav], some companies thought that it is possible that some UEs may not be capable of supporting NW controlled subgrouping, it means a) UE can either support NW controlled subgrouping, or support both; or b) UE can either support UE ID based subgrouping, or support both; or c) UE can either support NW controlled subgrouping, or UE ID based subgrouping, or both. For these case, there may be the mismatch of paging subgrouping method supported on UE and NW side. For example, if the UE only supports UE ID based subgrouping while only the NW controlled subgrouping is supported in a cell, the UE cannot use paging subgrouping method and cannot obtain power saving gain from subgrouping.
Proposal 1: RAN2 to discuss from UE capability perspective, which option should be defined:
1) UE supports both NW controlled subgrouping and UE ID based subgrouping, or supports neither;
2) UE supports only NW controlled subgrouping, or supports both, or supports neither;
3) UE supports only UE ID based subgrouping, or supports both, or supports neither;
4) UE supports only NW controlled subgrouping, or supports only UE ID based subgrouping, or supports both, or supports neither.
From network perspective, it should be up to network implementation whether to support NW controlled subgrouping (for CN and RAN) and UE ID based subgrouping (only for RAN). Based on the agreement “If we go for network controlled subgrouping, If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID)”. One of the interpretation of this agreement can be that: 
· if the CN and RAN support NW controlled subgrouping, NW controlled subgrouping is used in a cell;
· if the CN does not provide specific subgrouping information, or RAN does not support NW controlled subgrouping, if RAN supports UE ID based subgrouping, UE ID based subgrouping is used in a cell;
· otherwise, no paging subgrouping is used in a cell.
In this case, either NW controlled subgrouping or UE ID based subgrouping is used in a cell. Considering UE capability prospective, given in Proposal 1, if option 1) is defined, paging subgrouping can always be used by UE which supports paging subgrouping no matter which paging subgrouping method is supported/used in a cell; However, if option 2), 3) or 4) is defined, there may be the mismatch of paging subgrouping method supported on UE and NW side as analysed above. Besides, the UEs using paging subgrouping in a cell all use the same paging subgrouping method (either NW controlled subgrouping or UE ID based subgrouping), which is simpler and easier for implementation.
As an alternative, either or both of NW controlled subgrouping and UE ID based subgrouping can be used in a cell. Considering UE capability, paging subgrouping can always be used by a UE which supports paging subgrouping no matter which paging subgrouping method is supported by the UE. And UEs using paging subgrouping in a cell can use the different paging subgrouping method, which makes the subgrouping in a cell more complicated.
Proposal 2: RAN2 to discuss from network perspective, which option should be supported:
1) either NW controlled subgrouping or UE ID based subgrouping is used in a cell, it means UEs using paging subgrouping in a cell all use the same paging subgrouping method;
2) either or both of NW controlled subgrouping and UE ID based subgrouping can be used in a cell, it means UEs using paging subgrouping in a cell can use the different paging subgrouping method.
To be noted, the above analyses and proposal 2 mainly discuss the paging subgrouping method used in a cell, instead of the paging subgrouping method supported by the network in a cell. For example, the RAN may support both NW controlled subgrouping and UE ID based subgrouping, but determines to use NW controlled subgrouping in a cell.
UE capability reporting for paging subgrouping
UE needs to report whether the paging subgrouping method is supported or not as UE capability. The CN needs to decide whether subgroup information needs to be assigned to the UE based whether the UE supports NW controlled subgrouping, RAN needs to decide whether the subgrouping should be used based on UE ID calculation when it pages a UE. The general procedure is illustrated in Fig.1a and Fig.1b.
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Fig.1a Generally procedure for paging subgrouping capability reporting
1. UE report whether the NW controlled subgrouping is supported to the CN, this information can be indicated explicitly (e.g. specific UE capability field) or implicitly (e.g. by assistance information for NW controlled subgrouping if agreed to introduce);
2. CN determines UE subgroup information based on UE capability;
3. If the UE supports the NW controlled subgrouping, CN may assign the UE subgroup information to the UE, otherwise, CN won’t assign the UE subgroup information to the UE.
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Fig.1b Generally procedure for paging subgrouping capability reporting
1. UE report whether the paging subgrouping is supported to the RAN, e.g. in UECapabilityInformation message as UE radio capability;
2. RAN sends UE capability of paging subgrouping to CN, e.g. in UERadioPagingInformation message as UE radio paging capability, similar as already done for LTE NB-IoT;
3. CN provides UE capability of paging subgrouping to RAN, e.g. in PAGING MESSAGE from AMF to gNB during CN paging
Proposal 3: UE reports its capability (explicitly or implicitly) on support of paging subgrouping to the network.
The indication of support of paging subgrouping from network
When UE camps on a cell can monitor paging, UE needs to explicitly know whether paging subgrouping can be used in this cell, so UE can decide whether UE needs to monitor PEI for paging reception. Generally, to be backward compatible, if the relevant information for paging subgrouping is not broadcast, paging subgrouping is not supported in this cell.
For NW controlled subgrouping, although the UE may be assigned the subgroup information by the CN, if the NW controlled subgrouping is not used in a cell, the UE cannot use CN assigned the subgroup information to determine the subgroup ID for paging reception. We assume that some gNBs connected with a CN supporting NW controlled subgrouping may not use NW controlled subgrouping, thus, RAN needs to broadcast whether NW controlled subgrouping is used in a cell, which can be used for UE to determine the subgroup ID for paging reception. For UE ID based subgrouping, RAN also needs to broadcast whether UE ID based subgrouping is used in a cell.
Besides, the total number of subgroups may also need to be indicated. Based on our analyses in our contribution [2], for NW controlled subgrouping, the total number of subgroups for a cell should be decided by RAN which can be less than the number of subgroups supported by CN. For UE ID based subgrouping, it is straightforward that it should be decided by RAN. If both of NW controlled subgrouping and UE ID based subgrouping can be used in a cell, there is one total number of subgroups supported in this cell for both subgrouping methods, which is decided by RAN based on RAN configuration, e.g. the mapping between PEI and its PO and the number of subgroups per PO.
Proposal 4: RAN broadcasts (explicitly or implicitly) which paging subgrouping method(s) is used in a cell and the total number of subgroups supported in this cell; if the relevant information is not broadcast, paging subgrouping is not supported in this cell.
Conclusion
[bookmark: OLE_LINK3]In this paper we discuss the signalling interaction between UE and network and propose:
Proposal 1: RAN2 to discuss from UE capability perspective, which option should be defined:
1) UE supports both NW controlled subgrouping and UE ID based subgrouping, or supports neither;
2) UE supports only NW controlled subgrouping, or supports both, or supports neither;
3) UE supports only UE ID based subgrouping, or supports both, or supports neither;
4) UE supports only NW controlled subgrouping, or supports only UE ID based subgrouping, or supports both, or supports neither.
Proposal 2: RAN2 to discuss from network perspective, which option should be supported:
1) either NW controlled subgrouping or UE ID based subgrouping is used in a cell, it means UEs using paging subgrouping in a cell all use the same paging subgrouping method;
2) either or both of NW controlled subgrouping and UE ID based subgrouping can be used in a cell, it means UEs using paging subgrouping in a cell can use the different paging subgrouping method.
Proposal 3: UE reports its capability (explicitly or implicitly) on support of paging subgrouping to the network.
Proposal 4: RAN broadcasts (explicitly or implicitly) which paging subgrouping method(s) is used in a cell and the total number of subgroups supported in this cell; if the relevant information is not broadcast, paging subgrouping is not supported in this cell.
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