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Discussion and decision
1 Introduction
During RAN2#112-e, contribution [1] identified a possible issue with RAN paging in RRC_INACTIVE when UE uses GWUS in RRC_IDLE but GWUS is supported on sub-set of the paging narrowbands. The issue is that after handover, ng-eNB does not know UE’s GWUS capability therefore nb-eNB will not know which algorithim to apply for paging narrowband selection.

This document considers the issue highlighted by [1] and proposes a way forward. This document also considers changes in paging narrowbad/carrier after RRC connection release and proposes a way forward.
2 Discussion

2.1 Paging in RRC_INACTIVE state
The UE Radio Capability for Paging IE is provided by the AMF to the RAN as part of the NGAP PAGING message [5] and may also be provided to the paging RAN node by the anchor RAN as part of the XnAP RAN PAGING message [6].

Observation 1: The UE Radio Capability for Paging IE can be included in both CN and RAN paging messages.

The UE Radio Capability for Paging IE contains the RRC UERadioPagingInformation IE. In eMTC UE Radio Capability for Paging IE includes, amongst other aspects, UE’s support of CE mode A/B, M1/M2 category, UE’s support of WUS and/or GWUS. It should be noted that the information contained in this IE may be used by the paging node irrespective of CN or RAN paging (e.g. in order to select appropriate cells for paging, coverage level). For eMTC, some of the information may be essential for the UE to be reachable (e.g. whether the UE supports mode B, whether it is an eMTC UE).

Observation 2: Information in the UE Radio Capability for Paging IE can be used by the paging node regardless of CN or RAN paging and is essential in some cases (e.g. CE support level).
To support RAN paging in RRC_INACTIVE state, AMF provides additional paging parameters (e.g. UE specific DRX, eDRX information) via Core Network Assistance Information for RRC INACTIVE message but this message does not include UE Radio Capability for Paging IE. While UE Radio Capability for Paging IE is avaialble to the serving ng-eNB when RRC connection is established but this information is not available in the ng-eNB after a handover.
Observation 3: After handover, RAN does not have all the necessary information to reliably perform RAN paging.

RAN may need to perform RAN paging to the UE in cells other than the cell that transitioned UE to RRC_INACTIVE state (i.e. page UE in RNA). In this case the RAN that pages the UE (i.e. the non-anchor RAN) needs to know UE’s eDRX configuration, if any, in order to properly page the UE during the PTW. But the Xn interface currently does not support transfer of UE’s eDRX configuration from anchor ng-eNB to non-anchor ng-eNB.

Observation 4: Non-anchor RAN may be missing UE’s eDRX paging parameters to properly page the UE in RRC_INACTIVE state.

Therefore, even without GWUS, paging RAN node does not always have all the essential information in RRC_INACTIVE to reliably page the UE (e.g. ng-eNB does not know whether UE supports CE Mode B, eDRX configuration).

Above observations show RAN3 specification is incomplete for reliably paging a UE in RRC_INACTIVE state. The simple solution to fix the outstanding issues with RAN paging UE in RRC_INACTIVE is for the AMF to provide the UE Radio Capability for Paging IE to the RAN that transitions the UE to RRC_INACTIVE state. This can be done by simply including UE Radio Capability for Paging IE Core Network Assistance Information for RRC INACTIVE message.
Proposal 1: Ask RAN3 to make UE Radio Capability for Paging IE and eDRX configuration available to the paging RAN node to reliably page the UE in RRC_INACTIVE state.

A draft LS to RAN3 is provided in [4].

While in RRC_INACTIVE, (G)WUS is not used but to ensure UE uses the same paging narrowband for both CN and RAN paging it is proposed for UE to use the same paging narrowband for both RRC_IDLE and RRC_INACTIVE state. This means RAN2 specification change is needed to allow for a UE in RRC_INACTIVE to use the same paging narrowband as it would use if it was in RRC_IDLE with GWUS.

Proposal 2: Update RAN2 specification to allow UE in RRC_INACTIVE to use a paging narrowband that supports GWUS.

A CR for the above proposal is provided in [5].
2.2 Paging narrowband/carrier change after RRC connection

A UE does not monitor (G)WUS in a cell until UE has successfully communicated with the core network and returned to idle normally i.e. received RRCEarlyDataComplete or RRCConnectionRelease not including noLastCellUpdate [6]. With GWUS, the candidate set of paging narrowband/carrier consists of paging narrowbands/carriers configured with GWUS and this set can be a subset of the paging narrowbands/carriers configured in a cell. Therefore, if the UE was not using GWUS before it initiated RRC connection/EDT and after successful RRC connection/EDT UE starts to use GWUS then UE could be monitoring a different paging narrowband/carrier than it was monitoring before.
Observation 5: UE may be monitoring different paging narrowband in the same cell after RRC connection or EDT and this should not cause an operational issue.

Summary

For RRC_INACTIVE, this document identifies the missing information in paging RAN node to reliably page the UE as well as the necessary changes needed in RAN2 specification to use the correct paging narrowband.

Observation 1:
The UE Radio Capability for Paging IE can be included in both CN and RAN paging messages.
Observation 2:
Information in the UE Radio Capability for Paging IE can be used by the paging node regardless of CN or RAN paging and is essential in some cases (e.g. CE support level).
Observation 3:
After handover, RAN does not have all the necessary information to reliably perform RAN paging.
Observation 4:
Non-anchor RAN missing UE’s eDRX paging parameters to properly page the UE in RRC_INACTIVE state.
Observation 5:
UE may be monitoring different paging narrowband in the same cell after RRC connection or EDT and this should not cause an operational issue.


From the above observations we arrive at the following proposals:

Proposal 1:
Ask RAN3 to make UE Radio Capability for Paging IE and eDRX configuration available to the paging RAN node to reliably page the UE in RRC_INACTIVE state.
Proposal 2:
Update RAN2 specification to allow UE in RRC_INACTIVE to use a paging narrowband that supports GWUS.
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