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1 Introduction
In RAN#82, a WID on NR-based Access to Unlicensed Spectrum has been approved [1]. One of the objective is that
-	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.
In RAN2#105, the following agreements were made:
	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 RAN2#105bis, further agreements were made:
	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



 In this contribution, we further discuss the paging issues for NR-U and provide our proposals. 
2 Discussion
Based on the TS 38.304 [2], the PF and PO calculation is given by the following formulae.
	The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns


During SI stage, RAN2 agreed “For Inactive and Idle mode procedures, Rel-15 NR design is considered as the baseline.”  Therefore we believe the calculation of PF and PO in Rel-15 can be used as baseline.
Proposal 1: Calculation of PF and PO in Rel-15 can be used as baseline. 
2.1 Additional page occasions
RAN2 has discussed the paging related issues, however no agreements on how to achieve additional paging occasions were made. Several potential solutions are available.
· Option 1: introduce multiple PDCCH occasions for several beam sweepings within one PO, these PDCCH occasions can be consecutive or interleaved. Considering LBT procedure, one COT includes several ms which can be used after LBT success. For consecutive PDCCH occasions, one disadvantage is all the consecutive PDCCH occasions may be blocked if these occasions are within a COT that is occupied by other device. The interleaving method has benefit on relieving LBT impact yet it is more complex. 
· [bookmark: OLE_LINK4]Option 2: introduce multiple POs for one PF, i.e. introduce larger numbers of paging occasion for a PF (Ns). It is a simpler method with only new RRC value is to be introduced.
· Option 3: introduce dynamic extension. Some predefined rule are to be used and when LBT is blocked for one PO, the UE will determine next slot as additional paging occasion automatically. It is a relatively complex method.
Considering complicity aspect, we prefer option 2. 
Proposal 2: Introduce multiple POs for one PF.
If gNB could not succeed in LBT in the whole PF, it could not deliver any paging in this PF. If all the multiple POs are limited inside the PF, the paging information could not be transmitted. So, these multiple POs is proposed to be located in multiple frames.


Figure 1: Example of multiple POs
In the example of figure 1, three additional POs are introduced for one PF. One PO is before the legacy paging occasion, and two POs are after the legacy paging occasion. And the third additional PO is outside of the PF.
Proposal 3: Multiple POs shall not be limited within one frame. 
If UE receives the paging message in one PO, another issue is whether this paging message is in the paging RecordList or not.  If yes, UE shall try to setup RRC connection with gNB and need not monitor paging in the following POs for the same PF. If no, what would be the UE reaction? 
Based on 38.331, one paging message could contain 32 paging record at most. If the number of paged UE for the same PO is higher than 32, gNB for licensed cell may select some UEs to be paged in the next paging period. However, gNB for unlicensed cell has multiple POs for one PF, so it could transmit paging to more UEs, exceed 32 UEs. Figure 2 illuminates this case. In figure 2, gNB succeeds in LBT in legacy PO and additional PO, and transmits 34 UEs in these two POs. From UE point of view, if it receives paging message in the first PO and does not find its own paging record in this paging message, it shall continue to monitor paging in the following PO(s).


Figure 2: one special example of multiple POs
Proposal 4: If UE receives paging message in the first PO and does not find its own paging record in this paging message, it shall continue to monitor paging in the following PO(s).
Considering the agreement in RAN2 #105bis, if the content of paging message for two PDCCH monitoring occasions are different, as the example in figure2, UE may stop monitoring subsequent PDCCH monitoring occasions only if it is sure that the received paging message includes its own paging record.
Proposal 5: UE may stop monitoring subsequent PDCCH monitoring occasions only if it is sure that the received paging message includes its own paging record.
3 Conclusion
Based on the discussions above, we have the following observations and proposals:
Proposal 1: Calculation of PF and PO in Rel-15 can be used as baseline. 
Proposal 2: Introduce multiple POs for one PF.
Proposal 3: Multiple POs shall not be limited within one frame.
Proposal 4: If UE receives paging message in the first PO and does not find its own paging record in this paging message, it shall continue to monitor paging in the following PO(s).
Proposal 5: UE may stop monitoring subsequent PDCCH monitoring occasions only if it is sure that the received paging message includes its own paging record.
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