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Introduction
The following aspects of paging subgroups and PEI are discussed in this contribution:
· Configuration issues
· Maximum number of CN-groups
· PEI and eDRX
· Paging configuration for legacy and new UEs
· UE capability signalling
· UE PEI usefulness reporting
[bookmark: _Toc242573354]Background
RAN1
The RAN1 agreements for paging enhancements (objective 1a) can be found in the Status Reports [1-4]. The work item is completed in RAN1, but it is indicated in [4]:
RAN1 has specified designs that are sufficient for generating RRC parameters and UE feature definitions for the above scope items. RAN1 will enter maintenance phase and resolve the outstanding FFS (see above) and critical issue(s), if identified. The remaining RAN1 work is not expected to cause any blockage to the progress of any other WG.

The following FFS's are identified:
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· FFS: The range of the frame-level offset
· FFS: The range of the symbol-level offset
The RAN1 RRC parameters for paging enhancements can be found in [5]. For paging enhancements there is the number of subgroups per PO (subgroupsNumPerPO), the number of POs per PEI (PONumPerPEI), the PEI size (payloadSizeDCI_format2_7), the PEI occasion (PEI-F_offset, firstPDCCH-MonitoringOccasionOfPEI-O) and PEI search space (peiSearchSpace) to configure via RRC. The value range for subgroupsNumPerPO, PEI-F_offset and firstPDCCH-MonitoringOccasionOfPEI-O is TBD. 
The RAN1 UE features are provided in [6]. RAN1 has identified a feature group (29-1) consisting of support for PEI and subgrouping. It is for RAN2 to discuss further if PEI and subgrouping are separate capabilities, and whether explicit capability signalling is needed: 
	Index
	Feature group
	Components
	Need for the gNB to know if the feature is supported
	Consequence if the feature is not supported by the UE
	Note
	Mandatory/Optional

	29-1
	Paging enhancement
	1. Support paging early indication
2. Support UE subgroup indication

	
	UE does not support paging enhancement
	For component 2, it is up to RAN2 whether/how to separate the capability for UE subgroup indication
Leave RAN2 to decide whether ‘optional with capability signalling’ or ‘optional without capability signalling’ 
Leave RAN2 to decide whether Need for the gNB to know if the feature is supported is Yes or No
	Optional 


RAN2
RAN2 briefly discussed PEI with eDRX and 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.
CT1
Based on SA2 agreements CT1 agreed CR 24.501 (NAS protocol 5G) [7]. 
CT1 did not reach agreement to send an LS [8] to SA2/RAN2 with the following questions:
1] RAN2 is considering using two methods of paging subgrouping; CN based subgrouping (controlled by CN) and UE-ID based subgrouping (controlled by RAN). How is it determined that a cell uses UE-ID based or CN-based subgrouping or both? Further is the UE expected to have a common capability for both subgrouping methods or separate capability for each of the subgrouping methods?
2] What is the total number of AMF assigned subgroups for CN-based subgrouping? Is this value decided based on maximum number of subgroups that can be supported in RAN or is this value decided by AMF based on configuration and other factors?
These topics will be further discussed in RAN2#116bis-e. 
SA2
SA2 indicated progress to capture the CN-assigned subgroups in LS [9] in their specifications [10, 11]: 
[bookmark: OLE_LINK11]Based on the reported UE capabilities, the AMF can determine the assistance information for NR Paging Subgroup according to the NR UE characteristics, i.e. local configuration, subscription information and/or statistical information. 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.
RAN3
Based on offline #9 [12] RAN3 noted the following working agreements: 
· WA: The CN provides subgroup ID included in subgroup information.
· WA: Include UE paging subgroup information into the NG Paging message for CN paging.
· WA: Introduce UE subgroup information into NGAP Core Network Assistance Information.
· WA: Introduce UE paging subgroup information into F1 Paging message for paging a UE in RRC_INACTIVE/RRC_IDLE.
Discussion
Configuration issues
In the current running CR R2-2111657, the PEI configuration is included in DownlinkConfigCommonSIB which is included in SIB1. Although the legacy paging configuration parameters are included in SIB1, we do not see a strong need to also include the PEI configuration there. In our opinion it is unnecessary to include non-essential information in SIB1 which is transmitted at a high rate. We think that PEI configuration logically is equally related to other power saving features introduced in Rel-17 such as TRS resource provision for idle/inactive and RLM/BFD relaxation and therefore think that all power saving related configurations could be in a common power saving SIB.  
Proposal 1: PEI and RLM/BFD relaxation configurations are included in SIBx currently proposed for TRS configuration.
Maximum number of CN-groups
RAN1 decided to support up to 8 subgroups, and the number of subgroups used in the cell is indicated via subgroupsNumPerPO in system information. In case the CN decides to only use e.g., up to 4 subgroups, it is necessary to inform the RAN about this for the subgroupsNumPerPO configuration:
Proposal 2: CN informs RAN about the number of subgroupsNumPerPO to use for the CN-assigned subgrouping. 
PEI and eDRX
In previous RAN2 meeting, there were discussions related to whether and how PEI is applicable to eDRX when Paging Transmission Window (PTW) is configured. 

RAN2 #116-e Meeting
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.

In our opinion PEI can be supported together with PTW and we do not see any issues if a simple approach is taken. Such simple approach would be that the UE wakes up at its configured PTW during which PEI is applicable to the POs within. In other words, no special handling is introduced if PTW is configured properly by the NW such that all PEI occasions associated to the relevant POs are also within the PTW.
Proposal 3: No special handling is introduced for PEI when eDRX PTW is configured (if eDRX PTW is supported). The UE wakes up at configured PTW during which PEI is applicable to the POs within.
Paging configuration for legacy and new UEs
RAN1 agreed that in Rel-17 subgroups are conveyed via PEI only: 
Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.
The primary power saving gain does not come from subgrouping itself, but from not having to be prepared to receive paging PDSCH, especially as in most cases the UE is not paged. 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 enable the NW to use K0>0 in paging PDCCH when only UEs supporting K0>0 are assigned to a PO. If the NW is not using PEI, but using  such K0>0 scheme, these UEs can save on PDSCH processing when not paged. However, as both legacy UEs incapable of K0>0 and new UEs (capable of K0>0) share the same set of POs, the K0>0 feature for paging renders rather useless. 
Observation 1: The use of Paging PDCCH when the UE supports K0 > 0 renders useless when there is a mixture of legacy and new UEs assigned to the same PO. 
There are other issues related to legacy and new (Rel-17) UEs sharing the same POs. Mixing of legacy UEs and new UEs of different capabilities such as PEI capability also implies that the NW has to transmit PEI for every PO rather than only for some POs. Note that this has a negative impact on legacy UEs as well as they will be falsely paged more often when the paging is only intended for new UEs.
Observation 2: Mixture of legacy and PEI capable UEs in the same POs implies that the NW has to transmit PEI for all POs.
Observation 3: Mixture of legacy and PEI capable UEs in the same POs raises the impact on legacy UEs as they will be more often falsely paged.
In our opinion, to avoid the issues mentioned above, a separation of POs for new and legacy UEs would be beneficial and easily achieved. For example, in the existing legacy system information structure, only a subset of POs is configured (e.g., ns=2 out of possible 4), whereas in a new optional Rel-17 structure, the remaining/another set of POs are configured. As such, the legacy UEs will be spread among the legacy POs, whereas the new UEs are spread among the Rel-17 POs if optionally configured by the NW.  
Proposal 4: Network can optionally configure a separate set of PO(s) dedicated to Rel-17 UEs with new paging capabilities.
There are different ways to configure additional/separate paging capacity (i.e., POs) for new UEs. 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 ns,  nAndPagingFrameOffset and firstPDCCH-MonitoringOccasionOfPO for Rel-17 UEs that are capable of PEI and K>0:
Proposal 5: Network can configure dedicated POs for UEs supporting PEI and K0>0 via a second ns, and/or nAndPagingFrameOffset and/or firstPDCCH-MonitoringOccasionOfPO parameter.
UE capability signalling
Concerning UE capabilities RAN2 agreed:
· 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
Concerning separate capabilities for PEI and subgrouping: when the UE and gNB make the effort to support PEI, it makes sense to further enhance the power saving with subgrouping. The UE-ID based assignment is easier to support for UE and gNB, i.e., it is proposed:  
Proposal 6: When the UE supports PEI the UE also supports UE-ID based subgrouping. 
Proposal 7: PEI and UE-ID based subgrouping support are signaled by the UE in UERadioPagingInfo IE in the UECapabilityInformation message. 
CT1 agreed to introduce UE capability signaling for CN-assigned subgrouping in the registration procedure [8]. The CN provides the assigned CN subgroup in the Negotiated PEIPS assistance information IE in the REGISTRATION ACCEPT message. 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 CN-based 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 4: The RAN needs to know if the paged UE supports PEI, i.e., whether RAN 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 is added:
Proposal 8: 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 5: 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 as PEI transmission is typically handled by lower layers in gNB-DU, the information about whether PEI shall be transmitted before a PO needs to be provided to the gNB-DU. We therefore think that RAN3 needs to discuss how to best include the UE Radio Capability for Paging over the F1 interface. 
Proposal 9: Ask RAN3 to discuss the inclusion of UE Radio Capability for Paging over the F1 interface so that the gNB-DU knows whether to transmit PEI before a PO.
UE PEI usefulness reporting
As stated by UE vendors during the course of WI, a UE may decide not to monitor PEI and resort to regular PO decoding if it, perhaps during periods, does not benefit from PEI reception (e.g., depending on UE coverage). This means that even if the UE would report to the NW in its capability that it is PEI capable, it would not be known to the gNB whether the UE actually is using PEI. It would be a clear waste of system resources and NW energy consumption if the NW transmits PEIs without any considerable number of UEs receiving them. In addition, the NW may have (based on certain assumptions perhaps during periods), turned off the PEI feature assuming that not a considerable number of UEs are using it. However, as the given SNR levels for specific UEs in Idle/Inactive may not be fully known to the gNB, there may be more UEs benefitting from PEI transmission than currently assumed by the gNB. For these reasons, we think it would be beneficial if the UEs could report whether they are currently using PEI or would be interested in using PEI if supported by the gNB but currently turned off. We think that such reporting should preferably be through lightweight procedures without considerable impact on signalling, UE implementation, and energy consumption. For example, the UE could piggy-back such information on existing signalling such as on messages involved during connection establishment in response to a paging, e.g., an indicator saying whether the feature is “useful”/”beneficial” for the UE.
Proposal 10: If configured by the NW, UE indicates whether PEI is currently useful for the UE.

[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss following: 
Observation 1: The use of Paging PDCCH when the UE supports K0 > 0 renders useless when there is a mixture of legacy and new UEs assigned to the same PO. 
Observation 2: Mixture of legacy and PEI capable UEs in the same POs implies that the NW has to transmit PEI for all POs.
Observation 3: Mixture of legacy and PEI capable UEs in the same POs raises the impact on legacy UEs as they will be more often falsely paged.
Observation 4: The RAN needs to know if the paged UE supports PEI, i.e., whether RAN needs to transmit the PEI prior to the PO where the UE is paged. 
Observation 5: In case PEI is used in last used cell only, then there is no need for PEI/subgroup in Xn RAN paging message. 

Proposal 1: PEI and RLM/BFD relaxation configurations are included in SIBx currently proposed for TRS configuration.
Proposal 2: CN informs RAN about the number of subgroupsNumPerPO to use for the CN-assigned subgrouping. 
Proposal 3: No special handling is introduced for PEI when eDRX PTW is configured (if eDRX PTW is supported). The UE wakes up at configured PTW during which PEI is applicable to the POs within.
Proposal 4: Network can optionally configure a separate set of PO(s) dedicated to Rel-17 UEs with new paging capabilities.
Proposal 5: Network can configure dedicated POs for UEs supporting PEI and K0>0 via a second ns, and/or nAndPagingFrameOffset and/or firstPDCCH-MonitoringOccasionOfPO parameter.
Proposal 6: When the UE supports PEI the UE also supports UE-ID based subgrouping. 
Proposal 7: PEI and UE-ID based subgrouping support are signaled by the UE in UERadioPagingInfo IE in the UECapabilityInformation message. 
Proposal 8: The PEI capability is added to the UERadioPagingInfo IE (new) in the UECapabilityInformation message. 
Proposal 9: Ask RAN3 to discuss the inclusion of UE Radio Capability for Paging over the F1 interface so that the gNB-DU knows whether to transmit PEI before a PO.
Proposal 10: If configured by the NW, UE indicates whether PEI is currently useful for the UE.
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