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Introduction
In LTE the UE only monitors the WUS in the last used cell, i.e. the cell where the UE was released from connected mode the last time. This means that the NW only transmits the WUS when the UE is paged on the last used cell e.g. during the first paging attempt from the CN. In case the WUS would also be transmitted during paging escalation, e.g. when the NW cannot find the UE and pages the UE in all the cells of the Tracking Area List (TAI List), then this would cause of lot of (useless) WUS transmissions, while the UE only replies in a single cell. Furthermore, paging escalation may cause the WUS to be triggered frequently, while the UE only saves power when the WUS is not triggered most of the time. In case the WUS is triggered most of the times when the UE wakes-up then the WUS only increases the wake-up frequency of the UE and increases the UE power consumption. A UE implementation, without any inter-operability problems, can decide not to monitor the WUS and monitor the Paging PDCCH instead. But it is not beneficial from a NW perspective when a UE implementation decides to skip the WUS while the NW broadcasts it.
This topic is further discussed for the PEI in NR in this contribution. 
[bookmark: _Toc242573354]Background
In 36.300 it is specified that the UE monitors (G)WUS only in the last used cell, i.e. the cell where the UE was released from connected mode the last time: 
-	The UE monitors (G)WUS only in the last used cell;
The last used cell is signalled from eNB to MME in UE CONTEXT RELEASE COMPLETE and UE CONTEXT SUSPEND REQUEST message via Information on Recommended Cells and eNBs for Paging (see section 9.2.1.105 in 36.413). And the MME provides the last used cell info via Recommended Cells for Paging in the PAGING message for a (G)WUS capable UEs (see section 4.3.21.4 in 23.401). Similar messages and information elements exist for the signalling between gNB and AMF in NR (see 38.413). 
The UE capability (G)WUS is included in the UE-RadioPagingInfo information IE in the PAGING message. RAN2 did not decide on the UE capabilities for Rel-17 UE power saving, but a PEI capability needs to be added to the UERadioPagingInformation IE in the PAGING message between AMF and gNB.
Discussion
The PEI (just like WUS) prior to a Paging Occasion (PO) is only effective when most of the time the PEI is not triggered, i.e. when most of the time the UE does not need to wake-up during the following PO: 
[image: ]  
A UE in bad coverage needs to measure 2-3 SSBs before it can monitor the Paging PDCCH which can be avoided when PEI tells the UE not to wake-up. For a UE in good coverage there is minor benefit to monitor PEI. In case the PEI would be triggered most of the time, the wake-up frequency of the UE would only increase and there is no UE power saving. For similar reasons RAN2 concluded for WUS in LTE [1]:
RAN2 re-discussed “whether and how using WUS may affect MME paging strategies” in R15 and concluded that with some MME paging strategies, e.g. always paging a UE in the entire TA list, this may lead to increased power consumption for UEs using WUS.
In LTE the WUS is only used in the last used cell because:
· Paging escalation may cause the WUS to be triggered frequently and prevent UE power saving
· Paging escalation increases the NW signalling and energy consumption.
The PEI is triggered frequently during paging escalation when:
· the CN uses a paging strategy to minimize the paging latency: every time the UE is paged in the complete Tracking Area List (TAI List) e.g. for voice calls.
· there is high mobility: when the CN does not page in the complete TA every time, the first paging attempt is more likely to fail when there is high mobility and the UE is not reached in the cell where it was the last time.
· the paging rate is high: with a high paging rate there will be more paging escalation.
· the TA List is large: a failed paging attempt triggers paging in many cells, e.g. x100 with 100 cells in the TA List.
Similar observations as in LTE can also be made in NR. Furthermore NR is a true mobile (and low latency) system compared to NB-IoT and e-MTC in LTE where there are stationary UEs or UEs with limited mobility and low latency MT services such as VoLTE are not normally used: 
Proposal 1: PEI in NR is only monitored in the last used cell when the UE is in idle or inactive mode, like for WUS in LTE
This means that PEI is only transmitted in the last used cell, where the UE may have benefit to monitor PEI (and a UE implementation does not skip a PEI transmissions) and reducing the number of unnecessary PEI transmissions during paging escalation.
For RRC Inactive, the RAN paging, including paging escalation, is handled by the gNB(s). Without additional complexity the same PEI monitoring rules can apply for inactive mode, i.e. the UE only monitors the PEI in the last used cell, and, the gNB that initiates the RAN Paging (because there is DL data or signalling from the CN) uses PEI when the UE that is paged supports it. A gNB that receives a PAGING message over the Xn-interface during Paging escalation does not use PEI. 
For both idle and inactive mode, when the gNB pages the UE for Paging PDCCH with short message only (e.g. in case of SI change or ETWS/CMAS indication), then the gNB uses PEI (similar as in case of WUS in LTE), i.e. there can be a UE in the cell that is monitoring WUS because it has not moved. 
Impacts on other 3GPP working groups
The use of PEI relies on the RAN knowing whether or not the UE supports the PEI functionality. It can be expected that this information is provided to the RAN by the AMF in the UERadioPagingInformation (encoded in TS 38.331) that is sent within the UE Radio Capability for Paging IE in the TS 38.413 Paging message.
In order to provide this information, the AMF needs to receive it from the NG-RAN node where the UE performed Initial Registration (c.f. LTE Attach) in the PLMN. This NG-RAN node could be anywhere in the PLMN and certainly need not come from the same vendor as the NG-RAN node where paging is to occur.
Text from TS 38.331 is copied into the Annex below. Initial study of TS 38.331 shows that the UERadioPagingInformation is created by the NG-RAN node (where Initial Registration occurs) from information sent by the UE in the UE-NR-Capability IE, i.e. (in contrast to NB-IoT and LTE-M/cat0) there is no container in the UE-NR-Capability that is blindly copied by the gNB from RRC signaling into the NG-AP UERadioPagingInformation IE.
This raises issues with how PEI will be supported in a PLMN when the UE performs Initial Registration via a gNB that does not support the future R17 mechanisms to generate R17 fields in the UERadioPagingInformation. Solutions might involve extensions to the TS 38.413 (NGAP) “UE Radio Capability Check” procedure or enhancements to Core Network RACS functionality.
Proposal 2: It is proposed that RAN2 liaise with other WGs (e.g. RAN3 and SA2) to initiate investigations in this area.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss PEI monitoring in NR: 
Proposal 1: PEI in NR is only monitored in the last used cell when the UE is in idle or inactive mode, like for WUS in LTE
Proposal 2: It is proposed that RAN 2 liaise with other WGs (e.g. RAN3 and SA2) to initiate investigations in this area.
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Annex – extract from TS 38.331
[bookmark: _Toc60777639][bookmark: _Toc68015581]–	UERadioPagingInformation
This message is used to transfer radio paging information, covering both upload to and download from the 5GC, and between gNBs.
Direction: gNB to/ from 5GC and gNB to/from gNB
UERadioPagingInformation message
-- ASN1START
-- TAG-UE-RADIO-PAGING-INFORMATION-START

[bookmark: _Hlk71254679]UERadioPagingInformation ::= SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            ueRadioPagingInformation            UERadioPagingInformation-IEs,
            spare7 NULL,
            spare6 NULL, spare5 NULL, spare4 NULL,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

UERadioPagingInformation-IEs ::=    SEQUENCE {
    supportedBandListNRForPaging        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR    OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                                             OPTIONAL
}


-- TAG-UE-RADIO-PAGING-INFORMATION-STOP
-- ASN1STOP

	UERadioPagingInformation field descriptions

	supportedBandListNRForPaging
Indicates the UE supported NR frequency bands which are derived by the gNB from UE-NR-Capability.
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