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Introduction
The following topics related to CN assigned paging subgroups are discussed in this contribution:
· System view of subgroup related signalling
· Assistance signalling
· CN-assigned and UE-ID based subgrouping
[bookmark: _Toc242573354]Background
RAN2#115-e
RAN2 discussed paging subgroups during RAN2#115-e [1,2] and made the following agreements:
When AMF has assigned a UE with a Paging subgroup, some NAS signaling 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 signaling 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 signaling 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 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.
R2-2109094 [AT115-e][043][ePowSav] Paging Subgrouping (Nokia), Nokia, Report
· Option 1: CN assigns Subgroup ID
· Option 2: CN assigns set of subgroup IDs 
· Option 3: Reuse NB-IoT framework 
Option 2 is excluded
We go with Option 1
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 caps 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.
Preliminary summary and conclusions from email discussion #089 [9] are listed in the Annex. 
RAN1: Paging subgrouping
Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.
Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.
Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x

RAN3#113-e
RAN3 indicates in an LS to RAN plenary that specifications TS 38.413, TS 38.423, TS 38.473 are impacted for the paging enhancements [3].
RAN#93
During RAN#93 the way forward for PEI, RAN3 work on paging subgroups and the Status Report was discussed [4]:
· PEI: RAN plenary decided that in Rel-17 the PEI is PDCCH-based only and only essential functions are supported: 
· New DCI format
· Higher layer configuration, including SS
· Details of the procedures of PEI monitoring, and identification of MOs before PO
· Only Behv-A (per RAN1#104e agreement) is supported 
· If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
· Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI
· RAN3: The RAN3 WG was added to the paging enhancement(s) objective in the revised WID [5] and time units were assigned from the RAN3 meeting in November. In the revised status report [6] the RAN3 open issues were added, i.e. RAN3 is to complete the signalling between AMF and gNB(s) as mentioned in the RAN2 LS on UE power saving [7]. 
Discussion
RAN1 status on PEI
RAN1 agreed that there can be up to 8 subgroups, and that subgroup info is carried via PEI only, i.e. subgroup info in Paging PDCCH is not supported in Rel-17. Details on the number of bits in PEI DCI for subgroup info is still FFS, but there could be a dedicated bit per subgroup, and when there is a 1:4 PEI to PO mapping even up to 32 bits.
Subgrouping via Paging PDCCH
Subgrouping, especially when deployed using UE-ID method in RAN only, can be a simple/easy way to reduce the impact of false paging in the UE. Subgrouping should not depend on PEI, which is more costly to implement, and which requires also more network transmissions. 
RAN2 introduced DL scheduling slot offset capabilities in the Paging message, i.e. the network knows when the UE supports Cross Slot Scheduling (CSS) for Paging. These capabilities in the Paging message enables the NW to use K0 > 0 in Paging PDCCH when only UEs that support K0 > 0 are paged in the PO. But it does not enable UEs that support K0 > 0 to avoid trying to receive Paging message on PDSCH in the following slot, i.e. only when the UE knows in advance that K0 = 0 is not used for Paging in the PO the UE can prevent receiving Paging PDSCH in the slot, i.e. the UE needs processing time to determine whether it needs to receive the Paging PDSCH in the following slot. But K0 = 0 is used for legacy UEs that do not support K0 > 0. Thus UEs supporting K0 > 0 can only save power in receiving the Paging PDSCH, when the grouping information indicates that they are not paged, when they are paged in a dedicated PO where legacy UEs are not paged: 
Observation 1: The UE can only save power with grouping information in Paging PDCCH when the UE supports K0 > 0 and the UE is paged in a dedicated PO where legacy UEs are not paged. 
To enable grouping information via Paging DCI it is proposed: 
Proposal 1: Network can configure additional PO(s) dedicated to UEs that support K0 > 0.
There are different ways to configure additional paging capacity, i.e. POs for UEs supporting K0 > 0. But to minimize the impact it is preferred to re-use the paging framework and paging formula. For example a simple solution is to configure additional slots via a second nAndPagingFrameOffset and firstPDCCH-MonitoringOccasionOfPO for UEs supporting K0>0:
Proposal 2: Network can configure dedicated POs for UEs supporting K0>0 via a second nAndPagingFrameOffset and/or firstPDCCH-MonitoringOccasionOfPO parameter.
UE-ID and CN-based assignment method
Two different methods to assign the UE a subgroupID will be agreed:
· UE-ID based method: configured in the RAN, where the UEs are randomly distributed over the number of available subgroups based on the UE-ID, similar as the way in which UEs are randomly distributed over the available POs during a DRX paging cycle. 
· CN-assigned method: configured in the CN, where the CN can more intelligently assign the UE to a subgroup based on the on UE characteristics and network policy (e.g. subscription type, or paging probability stored in the network). 
We think it is beneficial to support at least the following two possible deployment scenarios:
1. Enhanced but more complex/costly: CN assigns a subgroup based on UE characteristics (and UE-ID based grouping is not used).
2. Simple but it might do the trick: Random RAN assignment based on UE-ID (no impact on CN/NAS).
We think that the RAN node should either use UE-ID based method or CN-assigned based method, i.e. the two methods should not be used simultaneous in the cell which creates problems for how to "share" or "divided" the available bits for subgrouping in the PEI DCI between the two methods. Many companies think that the UE-ID based method should be used as a "fallback" when the UE did not get a subgroupID assigned by the CN. But we do not understand why the CN would not assign a subgroupID to the UE when both support the feature (i.e. the CN always assigns a "default" group to the UE). We are not against the "fallback" method, if companies see a real need for it, and can agree on how to use the bits in the DCI in such case. But we would like to also support the more simple approach where either UE-ID or CN-assigned subgroups are used:
Proposal 3: In case UE-ID based configuration is provided in SIB, the UE uses the subgroupID assigned via UE-ID based method (also when the UE has a CN-assigned subgroupID). 
Number of subgroups to use
RAN1 decided to support up to 8 subgroups, and is expected to provide an RRC parameter (draft), see also reply LS in [10]:
	Parameter name in the spec
	Description
	Value range
	Per
	UE/Cell-specific 
	Comment

	subgroupsNumPerPO
	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.


This parameter can be provided in system information, and guide the UE to derive the number of bits in the PEI DCI used for subgrouping (and potentially determine the DCI format size).
In case the CN decides to only use e.g. up to 4 subgroups, it is beneficial to inform the RAN about this for the subgroupsNumPerPO configuration:
Proposal 4: CN informs RAN about the number of subgroupsNumPerPO to use for the CN-assigned subgrouping. 
System view of subgroup related signalling
The signalling impact on the different interfaces like Xn, F1, NGAP and NAS is for the other WGs (RAN3, SA2 and CT1) to discuss further. Please find below a possible system view of the signalling view: 
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UE capability signalling
The subgrouping capability needs to be signalled via NAS, because the CN needs to know if the UE supports subgrouping, and whether it can assign a subgroupID to the UE. 
The UE may support PEI without subgrouping, i.e. the RAN needs to be informed if the UE support PEI via AS UE capability signalling. For inter-operability reasons, the RAN needs to know if the UE supports PEI when the UE is paged. The RAN needs to know if it needs to transmit the PEI prior to the PO where the UE is paged, otherwise the UE would not wake-up and miss the Paging message:
Observation 2: The RAN needs to know if the UE that is paged supports PEI, i.e. whether it needs to transmit the PEI prior to the PO where the UE is paged. 
A separate UERadioPagingInfo IE should be added to the UECapabilityInformation message (similar as in LTE), where the PEI capability should be added:
Proposal 5: The PEI capability is added to the UERadioPagingInfo IE (new) in the UECapabilityInformation message. 
The PEI capability is then automatically stored in the UE context, and included in the CM-IDLE Paging message, and RAN is informed about this capability in the initial context setup, and can then use it for RAN paging. 
In case PEI is only used in last used cell, then the neighbour cells do not need to be informed about PEI/subgroup info in the RAN paging message on Xn interface: 
Observation 3: In case PEI is used in last used cell only, then there is no need for PEI/subgroup in Xn RAN paging message. 
The UE Radio Capability for Paging is not present on the F1 interface, but whether it is needed depends on the DU-CU split for paging and is for RAN3 to discuss further: 
Observation 4: Whether PEI/subgrouping capability (i.e. UE Radio Capability for Paging) should be added to F1 interface in RAN Paging message depends on the DU-CU split for paging, which should be left to RAN3 to decide.
[bookmark: _Hlk67543382]UE assistance
In case UE assistance is used, the CN practically gives the UE the control which group to choose, unless the CN takes further effort to check and monitor if the UE provided reliable and accurate information. But the latter option is a complexity that the network would typically like to avoid, provided that it is possible to implement at all. It is also not clear that the UE has information which the CN does not have, i.e. whether there is a need for the UE to send it (e.g. UE type, paging probability, etc). 
When UE assistance is introduced, then this is likely going to restrict the options that the NW has to assign groups. We do not see the need to have pre-defined group types e.g. paging probability, power sensitive, etc. The NW can perhaps ignore the UE assistance, but it would not be able to ignore pre-defined UE groups. The group assignment should be left completely to CN implementation: 
Proposal 6: UE assistance with CN assigned grouping is not needed. 
CN-assigned and UE-ID based subgrouping 
As proposed by other companies as well, the UE-ID based method is straightforward:
Proposal 7: Specify in 38.304 how the UE determines to which group i_g it belongs based on its UE_ID:
i_g = (UE_ID/N*Ns) mod Ng

With:
Ng: Total number of groups
i_g: group index ranging from 0 to Ng-1
N: number of total paging frames in T
Ns: number of paging occasions for a PF
For the UE to determine to which group it belongs, the total number of groups parameter (Ng) needs to be added to the PDCCH-Config in SIB1: 
Proposal 8: Introduce Ng (subgroupsNumPerPO) parameter in PDCCH-config in SIB1.
The presence of Ng parameter in SIB1 indicates that the gNB supports UE_ID based grouping.
Proposal 9: Presence of Ng parameter in SIB1 indicates that gNB supports UE_ID based grouping and that UE-ID based grouping is used in the cell. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss CN assigned paging subgroups: 
Observation 1: The UE can only save power with grouping information in Paging PDCCH when the UE supports K0 > 0 and the UE is paged in a dedicated PO where legacy UEs are not paged. 
Observation 2: The RAN needs to know if the UE that is paged supports PEI, i.e. whether it needs to transmit the PEI prior to the PO where the UE is paged. 
Observation 3: In case PEI is used in last used cell only, then there is no need for PEI/subgroup in Xn RAN paging message. 
Observation 4: Whether PEI/subgrouping capability (i.e. UE Radio Capability for Paging) should be added to F1 interface in RAN Paging message depends on the DU-CU split for paging, which should be left to RAN3 to decide.

Proposal 1: Network can configure additional PO(s) dedicated to UEs that support K0 > 0.
Proposal 2: Network can configure dedicated POs for UEs supporting K0>0 via a second nAndPagingFrameOffset and/or firstPDCCH-MonitoringOccasionOfPO parameter.
Proposal 3: In case UE-ID based configuration is provided in SIB, the UE uses the subgroupID assigned via UE-ID based method (also when the UE has a CN-assigned subgroupID). 
Proposal 4: CN informs RAN about the number of subgroupsNumPerPO to use for the CN-assigned subgrouping. 
Proposal 5: The PEI capability is added to the UERadioPagingInfo IE (new) in the UECapabilityInformation message. 
Proposal 6: UE assistance with CN assigned grouping is not needed. 
Proposal 7: Specify in 38.304 how the UE determines to which group i_g it belongs based on its UE_ID:
i_g = (UE_ID/N*Ns) mod Ng

With:
Ng: Total number of groups
i_g: group index ranging from 0 to Ng-1
N: number of total paging frames in T
Ns: number of paging occasions for a PF
Proposal 8: Introduce Ng (subgroupsNumPerPO) parameter in PDCCH-config in SIB1.
Proposal 9: Presence of Ng parameter in SIB1 indicates that gNB supports UE_ID based grouping and that UE-ID based grouping is used in the cell. 
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[bookmark: _Hlk83294819]Annex: Preliminary conclusions from email discussion #089
On the roles of AMF/gNB/UE
Proposal 10 (for discussion): No consensus that how to decide the total number of CN-assigned subgroups. 
           FFS:
· Option 1: The total number of CN-assigned subgroups is fixed and specified [13]
· Option 2: The total number of CN-assigned subgroups is decided by CN and informed to RAN [13]
· Option 4: No need to specify, e.g., by OAM
· Option 5: leave it to SA2/CT1
· CN-assigned subgrouping
Proposal 1(for discussion): No consensus on RAN capability indication about supporting CN assigned subgrouping.
· Option 1: by implicitly way; (e.g., X number of bits/subgroups are indicated by the network for CN assigned);
· Option 2: by an explicit flag;
Proposal 2 (18/20, for agreement): RAN2 confirms that one subgroup will not be mapped to multiple Lay1 subgrouping indications, i.e., the 2-step way of distributing UE is excluded.
· UE-ID based subgrouping
Proposal 4 (19/20, for agreement): Network capability to support UEID-based subgrouping can be implicitly indicated by presence of the total number of supported UEID-based subgroups by the network
Proposal 5 (15/20, for agreement): RAN may configure all subgroups for UE-ID based subgroups, i.e., no subgroup used for CN assigned subgrouping.
· Co-exist issues
Proposal 6 (for agreement): If UE has paging subgroup ID assigned by CN and camped cell supports CN-assigned subgrouping:
		- UE performs paging indication monitoring based on CN-assigned subgrouping 
		Else if both UE and camped cell supports UE-ID based subgrouping:
			- UE performs paging indication monitoring based on UE-ID based subgrouping
			Else:
			- UE performs paging indication monitoring as in legacy.
Proposal 7 (12 vs. 8, for discussion): No consensus on whether subgrouping capability is common or separate. FFS:
· Option 1: introduce common UE capability (i.e., only one UE capability reported to RAN or CN by NAS);
· Option 2: introduce separate UE capabilities; 
· Option 2a: UE’s capability of supporting the UE ID based subgrouping is reported to RAN by AS UE capability signalling while UE’s capability of supporting the CN-assigned subgrouping is reported to CN by NAS signalling). 
· Option2b: both capabilities are reported to CN by NAS signalling and CN forwards both to RAN in paging message
Proposal 8 (for discussion): There is no consensus on subgroups splitting in RAN for CN assigned subgrouping and UE-ID based subgrouping.
· Option 1: Overlapping is allowed;
· Option 2: Overlapping is not allowed;
· Option 3 :Left to gNB implementation whether to allow overlapping or not
Proposed 9.1 (18/19, for agreement): Network can support for either CN assigned subgrouping or UE-ID based subgrouping;
Proposed 9.2 (for discussion): FFS Network can simultaneously support for both CN assigned subgrouping and UE-ID based subgrouping;

ON issues related to other WG
Proposal 11 (17/20, for agreement): CN will not provide assistance information to gNB(s) in support of paging subgrouping configuration.
Proposal 12 (16/20, for agreement): gNB(s) will not provide assistance information to CN in support of paging subgroup assignment when IDLE UE moves to RRC_INACTIVE.
Proposal 13(for discussion): No consensus on whether there is a need for UE assistance information to the network.
· Option 1: No need to introduce UE assistance information
· Option 2: The assistance information sent to CN by NAS; LS sent to CT1;
Proposal 14 (for discussion): No consensus on the PEI monitoring by UE to the last used cell.
· Option 1: Restrict the PEI monitoring by UE to the last used cell
· Option 2: Not to restrict the PEI monitoring by UE to the last used cell
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