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1	Introduction
In RAN2#112e, there was a discussion on paging carrier selection for LTE-M UEs. The related minutes from the meeting are provided below: 
R2-2009024	Discussion for correction on paging narrowband selection for eMTC UE	ZTE Corporation, Sanechips	discussion	Rel-16	LTE_eMTC5-Core
Observation 1: For eMTC UE in RRC_INACTIVE, when eNB needs to send RAN initiated paging, eNB can clearly know that the eMTC UE is in RRC_INACTIVE and selects paging narrowbands from the ones provided in system information. However, when eNB receives CN initiated paging for an eMTC UE, it cannot differentiate whether the UE is in RRC_IDLE or RRC_INACTIVE state. Therefore, there will exist ambiguity for eNB’s selection on paging narrowbands. Accordingly, eMTC UE in RRC_INACTIVE may need to monitor two narrowbands for paging. Such process looks over eMTC UE capability and is obviously undesired. But if not, e.g., UE only monitor one narrowbands for paging, UE may miss the CN paging.
Observation 2: The above issue in observation 1 doesn’t exist for NB-IoT UE.

Proposal 1: eMTC UE always selects paging narrowband among the ones provided in system information.
· Huawei thinks RRC_INACTIVE should use the same as in RRC_IDLE mode, there is not much choice. 
· QC thinks there is an issue, but agree with HW that RRC_INACTIVE should use the same paging narrowband as RRC_IDLE. At the same time we don’t need to use WUS in Inactive. So first we should determine whether GWUS will be used in RRC_IDLE, then use the same narrowband in RRC_INACTIVE so we could clarify that way.
· Ericsson agrees there is a problem when the paging occasions coincide but there may be other ways to solve this such as monitoring CN paging for those paging occasions.
· Huawei thinks the simplest way to resolve this would be to remove the possibility of GWUS on only certain paging narrowbands. Ericsson thinks this might have further consequences.
· ZTE thinks for RAN paging the eNB knows UE state so can use the NB signalled in SI but for CN paging there state may not be known. 
· QC thinks RRC_INACTIVE is only temporary so the problem would only be for a short time. 
· Nokia thinks eDRX may also have an issue as the paging occasions may be different in RRC_IDLE and RRC_INACTIVE so should be monitoring at different times. HW thinks there are some PO which would be at the same time and UE has to monitor both CN and RAN paging.
· 
UE in RRC_INACTIVE needs to monitor CN and RAN paging in the same paging narrowband

It was observed that an LTE-M UE in RRC_INACTIVE state may need to monitor for both CN and RAN paging using separate paging narrowbands if GWUS is configured in the cell and the UE supports it. There was an offline discussion during the meeting to discuss the potential solutions and, if possible, agree on a solution, but this was not the case and the discussion was postponed.


R2-2010910 Report of [AT112-e][305][NBIOT/eMTC R16] Paging narrowband selection for RRC_INACTIVE (ZTE)
· QC thinks eNB that released the UE has the UE capability so can determine the paging narrowband, so should not change behaviour in the current specification. Huawei has a different understanding and thinks the eNB does not have the UE capability, but agrees the key issue is whether or not this is the case. Ericsson has the same understanding as HW and thinks we had a similar discussion in the past. Nokia agrees with Qualcomm. 
· ZTE wonders whether eNB without the UE capability should release the UE into RRC_INACTIVE.
· QC thinks we should ask RAN3 before we can progress in RAN2. ZTE thinks RAN3 could check the scenarios, it may be enough to limit changes to Xn specification.
· Nokia thinks that since WUS is limited to the last cell then maybe no need to update Xn 
· Ericsson think that if we send an LS it should only ask about what happens in the current specification and we can evaluation what solution would be needed. HW have a similar view to Ericsson, and think an LS isn’t really needed as we can just check offline.
postponed

In this contribution we describe the problem identified in the last meeting and discuss the potential solutions. 
[bookmark: _Hlk4723545]2	Paging narrowband selection
In RAN2#108, the following was agreed:

[bookmark: _Hlk57984931]=> Rel-15 WUS and Rel-16 Group WUS are not supported for eMTC UEs in RRC_INACTIVE.

In RRC_INACTIVE, UE selects a paging narrowband from the set configured in system information broadcast, i.e., as specified in TS 36.304 based on the number of narrowbands used for paging provided in paging-narrowBands, to monitor for paging regardless of whether GWUS is enabled in the cell and/or the UE supports the feature. However, in RRC_IDLE, UE selects a paging narrowband from a set of narrowbands configured for GWUS, i.e., as specified in TS 36.304 based on the list indicating which paging narrowbands support group WUS in groupNarrowBandList, if GWUS is enabled in the cell and the UE supports the feature.
When paging request is received from the CN or RAN, it should be clear for both the network and the UE which paging narrowband is selected to transmit/monitor for the paging message. The selection depends on whether the UE is in RRC_IDLE or RRC_INACTIVE state, but such information may not necessarily be available at the eNB; e.g., the eNB may not know whether UE for which paging request is received from the CN is in RRC_IDLE or RRC_INACTIVE state. This may lead to UE missing the paging message since it is possible that the UE is monitoring a separate paging narrowband than the network assumes. This is possible when POs for RAN and CN paging collide since the UE would not be able to know whether the paging message is transmitted due to a request from the CN or RAN.

[bookmark: _Toc58536693]A UE supporting GWUS may need to monitor separate paging narrowbands in RRC_INACTIVE in a cell where GWUS is enabled when POs for RAN and CN paging collide.

If eDRX is not configured for idle mode and the UE is in RRC_INACTIVE, paging occasions for CN and RAN paging, always coincide. Otherwise, i.e., if eDRX is configured in idle mode and the UE is in RRC INACTIVE, paging occasions for CN paging and RAN paging always coincide if PTW is longer than or equal to the value of the RAN paging cycle whereas it may coincide if it is shorter.

The following options can be considered to address this problem:
Option 1: If the UE does not support the GWUS feature, it monitors for paging on a narrowband from a set of narrowbands used for paging provided in paging-narrowBands, as in legacy, regardless of whether there is any collision. If the UE is in RRC_INACTIVE, it monitors for paging on a narrowband from the same set of paging narrowbands broadcasted in system information. If the UE is in RRC_IDLE, it monitors a paging narrowband from a set of narrowbands used for paging provided in groupNarrowBandList configured for GWUS where RAN and CN paging does not collide at the PO if the UE supports the feature and GWUS is enabled in the cell. This is consistent with the agreements so far. Note that the narrowbands used for paging provided in groupNarrowBandList configured for GWUS is a subset of the set of narrowbands used for paging provided in paging-narrowBands.
When RAN and CN paging collide at the PO, the UE monitors a paging narrowband from a set of paging narrowbands used for paging provided in paging-narrowBands regardless of whether the UE is in RRC_IDLE or RRC_INACTIVE state. Since it is not be possible for such UEs to monitor a paging narrowband from a set of narrowbands configured for GWUS when in RRC_IDLE mode, GWUS can only be enabled if it is supported on all paging narrowbands. Note that eNB may not be aware if there is a collision unless the paging request comes from the CN.

Option 2: Similar to Option 1, but if the UE is in RRC_INACTIVE, it monitors for paging on a paging narrowband from a set of narrowbands used for paging provided in groupNarrowBandList if the UE supports the feature and it is enabled in the cell when RAN and CN paging collide at a PO. This would mean that the eNB should be able to know, e.g., via capability information, whether the UE supports GWUS not only when the paging request comes from the CN, but also when paging is initiated in RAN since such information is only provided in the UE Radio Paging Information IE. If this solution is adopted RAN2 either needs to revert the agreement in RAN2#108, i.e. Rel-16 Group WUS is supported for eMTC UEs in RRC_INACTIVE, or agree that UE monitors a paging narrowband from a set of narrowbands used for paging provided in groupNarrowBandList even though GWUS is not supported. 

Option 3: This is a vertical solution with respect to options 1 and 2 above. When RAN and CN paging collide at a PO, it is not clear whether the UE monitors a paging narrowband from a set of narrowbands used for paging provided in paging-narrowBands, when in RRC_INACTIVE versus a paging narrowband from a set of narrowbands used for paging provided in groupNarrowBandList. However, in the latter the UE is required to monitor for the GWUS signal prior to the paging occasions whereas in the former it is required to monitor for PDCCH that schedules the paging message at the paging occasion. If it is possible for the UE to switch between separate narrowbands quickly for monitoring, when needed, it would be possible to address this problem without implementing solutions described in options 1 and 2 above. Note that if GWUS signal is received prior to paging occasion there is no need to monitor the other paging narrowband for paging.
RAN2 should discuss if option 3 is feasible from UE implementation standpoint. If this does not seem to be the case, option 1 can be adapted.

[bookmark: _Toc58536697][bookmark: _Toc52219319]If UE supports GWUS and the feature is enabled in the camped cell, the UE monitors a narrowband from a set of paging narrowbands used for paging provided in paging-narrowBands regardless of whether it is in RRC_IDLE or RRC_INACTIVE. 

Since RRC_INACTIVE state is supported in NR and E-UTRA only when connected to 5GC as specified in TS 38.300, it would be sufficient to apply the solution proposed above if the cell UE has camped in supports connection to 5GC.

[bookmark: _Toc58536698]If UE supports GWUS and the feature is enabled in the cell, the UE monitors a paging narrowband from a set of paging narrowbands used for paging provided in paging-narrowBands when the cell, UE has camped in, supports connection to 5GC. 

3	Conclusion
In this contribution we have described the problem identified in the last meeting and discussed the potential solutions. We have made the following observation: 
Observation 1	A UE supporting GWUS may need to monitor separate paging narrowbands in RRC_INACTIVE in a cell where GWUS is enabled when POs for RAN and CN paging collide.

Based on the discussion above we propose the following:
Proposal 1	If UE supports GWUS and the feature is enabled in the camped cell, the UE monitors a narrowband from a set of paging narrowbands used for paging provided in paging-narrowBands regardless of whether it is in RRC_IDLE or RRC_INACTIVE.
Proposal 2	If UE supports GWUS and the feature is enabled in the cell, the UE monitors a paging narrowband from a set of paging narrowbands used for paging provided in paging-narrowBands when the cell, UE has camped in, supports connection to 5GC.
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