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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Using PEI with UE subgrouping in paging has been introduced in Rel-17 to save power for UEs in RRC_IDLE or RRC_INACTIVE state [1]. However, the power saving gain may come at a price of increased paging queuing delay.
In this contribution, we discuss the issue of increased paging queuing delay due to the use of PEI and propose a solution allowing the network to control (i.e., enable or disable) the use of PEI on an individual UE’s basis.    
Discussions 
Issue of increased paging queuing delay
With PEI, a paging message for a UE may arrive at (or is generated by) the gNB after the PEI-O of the UE and yet before the PO of the UE within the current paging cycle (e.g., Paging cycle #1), as illustrated in Figure 1. In this case, 
· if a PEI has been sent at the PEI-O in the current paging cycle and the PEI happens to indicate the subgroup of the UE (e.g., due to a need to page another UE sharing the same PO and subgroup ID with the UE), the gNB can send the paging message for the UE using the PO of the UE in the current paging cycle; 
· if no PEI is sent or the PEI sent at the PEI-O in the current paging cycle doesn’t indicate the subgroup of the UE, the gNB needs to postpone paging the UE until the next paging cycle (e.g., Paging cycle #2), because the UE may not monitor its PO in the current paging cycle. 
[image: ]
Figure 1
Comparing to the legacy paging method, the average paging queuing delay is increased, due to the use of PEI, by an amount equal to the time interval between the PEI-O and the PO of the UE (which interval is roughly 10, 30, or 50 msec for L = 1, 2, or 3, where the first PDCCH monitoring occasion of the PEI is located closely after the Lth SSB before the first PDCCH monitoring occasion of the target PO), multiplied by the probability (P) that no PEI is sent or the PEI sent doesn’t indicate the subgroup of the UE, where P approximates to 1 when the paging load is light or UE subgrouping has separated UEs well.
Observation 1. The average paging queuing delay is increased, due to the use of PEI, by an amount equal to the time interval between the PEI-O and the PO of the UE, multiplied by the probability (P) that no PEI is sent or the PEI sent doesn’t indicate the subgroup of the UE, where P approximates to 1 when the paging load is light or UE subgrouping has separated UEs well.
Certain mission-critical data services, such as those used in smart-grid, industrial IoT and remote control, push-to-talk, and data or positioning services for emergency personnel, may not be able to tolerate long paging delay. For these services, increasing the paging queuing delay by 10, 30, or 50 msec due to the use of PEI in paging the UE may not be acceptable. 
Observation 2. For certain mission-critical data services, increasing the paging queuing delay by 10, 30, or 50 msec due to the use of PEI in paging may not be acceptable.
Therefore, the use of PEI may need to be disabled for these UEs.
Shortcoming in the existing means for the network to control the use of PEI
Currently, there is no means for the network to enable or disable the use of PEI on an individual UE’s basis. Although the gNB can disable the use of PEI in a cell by broadcasting the SI without any configuration information related to PEI, that will disable the use of PEI for all idle or inactive UEs in the cell. So is the case if the gNB wishes to disable the use of UEID-based subgrouping. Although the CN can disable the use of CN-assigned subgrouping for a UE by not assigning a CN-assigned subgroup ID to the UE, according to the existing agreements, the gNB and the UE will still use PEI with UEID-based subgrouping in transmitting or receiving the paging message for the UE, as long as both the gNB and the UE are capable of supporting UEID-based subgrouping. Therefore, a mechanism for the network to control (i.e., enable or disable) the use of PEI on an individual UE’s basis is needed so that the use of PEI can be disabled for an individual UE, e.g., a UE having a stringent delay requirement, should the network determine that the delay requirement may be violated if PEI is used in paging the UE.
Observation 3. Currently, there is no means for the network to enable or disable the use of PEI on an individual UE’s basis.
Proposed solution
The network’s decision to enable or disable the use of PEI in paging a UE can be made individually, e.g., based on the most stringent delay requirement among the QoS flows of the data PDU session(s) established on the UE. The serving AMF of the UE is a natural choice as the network entity for making such decision. 
[bookmark: _Hlk92405795]The AMF can inform its decision on whether to enable or disable the use of PEI for paging the UE to gNB(s) in a number of ways. For example, the AMF can inform its decision to gNBs during a paging procedure, when the AMF forwards a CN-initiated paging message for the UE to the gNBs requesting them to page the UE. For another example, the AMF may inform its decision to the serving gNB of the UE during a UE context management procedure or a PDU session management procedure, or to a target gNB of the UE during an NG-interface-based handover procedure, while the UE is still in RRC_CONNECTED state. 
The serving gNB stores the AMF’s decision as a part of the UE context. The source gNB may forward the AMF’s decision to a target gNB during an Xn-interface-based handover procedure. After the UE has entered the RRC_IDLE or RRC_INACTIVE state, the last serving gNB of the UE may forward the AMF’s decision to its neighboring gNB(s) when requesting its neighboring gNB(s) to participate in an RAN-initiated paging for the UE.
[bookmark: _Hlk92406438]The AMF may inform its decision on whether to enable or disable the use of PEI in paging the UE to the UE via a dedicated NAS signaling,  e.g., in a REGISTRATION ACCEPT or SERVICE ACCEPT message sent during a registration request or service request procedure. Alternatively, the serving gNB of the UE may forward the AMF’s decision to the UE via a dedicated RRC signaling, e.g., in the RRCRelease message when the serving gNB releases the UE into the RRC_IDLE or RRC_INACTIVE state.
A complete solution would require standardization efforts in SA2 and RAN3, and potentially in RAN2 if dedicated RRC signaling is used for configuring the UE. However, some initial study may be needed, starting from SA2.
Proposal 1. RAN2 send an LS to request SA2 (cc RAN3) to consider introducing a mechanism for the network to control (i.e., enable or disable) the use of PEI in paging a UE on an individual UE’s basis so that the use of PEI can be disabled for the UE, should the network determine that a delay requirement of the UE may be violated if PEI is used in paging the UE. 
Proposal 2. It is FFS whether any RAN2 signaling (such as dedicated RRC signaling for configuring the UE) is needed.
[bookmark: _Ref129681832]Conclusions
Observation 1. The average paging queuing delay is increased, due to the use of PEI, by an amount equal to the time interval between the PEI-O and the PO of the UE, multiplied by the probability (P) that no PEI is sent or the PEI sent doesn’t indicate the subgroup of the UE, where P approximates to 1 when the paging load is light or UE subgrouping has separated UEs well.
Observation 2. For certain mission-critical data services, increasing the paging queuing delay by 10, 30, or 50 msec due to the use of PEI in paging may not be acceptable.
Observation 3. Currently, there is no means for the network to enable or disable the use of PEI on an individual UE’s basis.
The following are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 send an LS to request SA2 (cc RAN3) to consider introducing a mechanism for the network to control (i.e., enable or disable) the use of PEI in paging a UE on an individual UE’s basis so that the use of PEI can be disabled for the UE, should the network determine that a delay requirement of the UE may be violated if PEI is used in paging the UE. 
Proposal 2. It is FFS whether any RAN2 signaling (such as dedicated RRC signaling for configuring the UE) is needed.
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