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1	Introduction
In NR-Unlicensed WID [1], paging was identified as a subject that requires enhancements compared to the baseline operation in licensed bands. Specifically, the WID lists the following: 
-	Paging: specify required NR modifications to enhance paging opportunities by increasing time-domain paging occasions or paging monitoring occasions while taking UE power consumption into account.
Also, in RAN2 #105 [2] meeting, the following agreement was reached:
A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted)
FFS dynamic extension
FFS dynamic termination 
In this contribution, we express our views regarding potential issues of NR-U paging process and possible enhancements.      
2	Discussion
During the NR-U SI phase, it was concluded that increasing time-domain paging occasion (PO) enhances paging opportunities under the constraints of unlicensed channel operation rules, where channel access is subject to LBT. 
2.1 Additional paging opportunities 
Increasing the paging occasions enhances the chance of a successful channel access for transmission of a paging message by a gNB. The additional time-domain POs should be time-separated enough so that an LBT failure on one PO would not lead, with high likelihood, to another LBT failure in the next PO. The time-separation and the likelihood of LBT failure on consecutive POs depends on the congestion level of the unlicensed channel. Therefore, the additional POs should be adjusted by the gNB, depending of the channel congestion level among other things. The gNB should inform the UEs of the additional POs and possible adjustments.  Given above, increasing POs within a paging frame (PF) is less likely to enhance the chance of a successful LBT in the subsequent POs within a PF. 
Proposal 1:  Since multiple POs per PF is less likely to enhance the chance of a successful LBT in the subsequent POs, allow multiple POs across multiple frames associated with the baseline PF.
[bookmark: _GoBack]From the perspective of a UE in Idle/Inactive state, more time-domain paging occasions per DRX cycle would be required so that a UE would be able to receive the page. While increasing time-domain POs enhances the chance of successful transmission, a UE would be required to check for paging in more POs. Compared to baseline licensed operation, this increases the power consumption of a UE in Idle/Inactive state. One might suggest that once a UE receives a page, the UE may skip monitoring the remaining POs, hence avoiding unnecessary PDCCH/PDSCH detection. This indeed helps and was agreed in the RAN2#105bis [3] meeting: 
· As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO
One should also consider the case where LBT fails in the first X POs until LBT is successful at the next PO. A UE would have to monitor X+1 POs until it can detect a PDCCH addressed to P-RNTI in a PDCCH monitoring occasion. Therefore, increasing time-domain paging occasions increases the power consumptions, especially in a dense unlicensed channel where LBT failure is frequent.
Consider a situation where a gNB is able to perform LBT successfully and transmit during the first PO. Considering the maximum number of UEs possible to be paged within a paging message, it may happen that the number of paged UEs exceed the limit. Therefore, we suggest to study whether multiple POs associated with a baseline PF can carry different paging messages (i.e. paging various UEs). 
Proposal 2: FFS whether multiple POs associated with a baseline PF can carry different paging messages.
2.2 Early notification of paging opportunities 
Any DL transmission, e.g. transmission of a paging message whether alone or with other downlink transmissions, would constitute a gNB-initiated COT. One suggestion would be for a UE in Idle/Inactive mode that is about to perform detection in a PO to first detect the start of a gNB-initiated COT and decide whether to perform any further processing based on the signalling in the COT format indicator. This exemplary behaviour reduces UE processing when time-domain POs are increased. However, this requires RAN1 discussion in embedding additional signalling within COT format indicator. We suggest RAN2 to consider early notification of an upcoming paging by first detecting a gNB-initiated COT and retrieving the information therein. This could help UEs to skip monitoring POs when there no paging message is expected. 
Proposal 3: RAN2 to consider early notification of an upcoming paging by first detecting a gNB-initiated COT and retrieving the information from the COT format indicator.  
3	Conclusions
This contribution proposes the following regarding NR-U paging enhancements:
Proposal 1:  Since multiple POs per PF is less likely to enhance the chance of a successful LBT in the subsequent POs, allow multiple POs across multiple frames associated with the baseline PF.
Proposal 2: FFS whether multiple POs associated with a baseline PF can carry different paging messages.
Proposal 3: RAN2 to consider early notification of an upcoming paging by first detecting a gNB-initiated COT and retrieving the information from the COT format indicator.  
References
[bookmark: _Ref534127550]RP-182878, “New WID on NR-based Access to Unlicensed Spectrum,” Qualcomm, RAN#82, December 2018
RAN2 #105 Chairman notes, Athens, Greece, RAN2#105, February-March 2019
RAN2 #105b Chairman notes, Xi’an, China, RAN2#105b, April 2019
