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[bookmark: _Ref165266342]Introduction
According to the NR IDLE UE behaviours, for one UE the gNB has one transmission opportunity for the paging message for each associated SSB in one paging occasion. Due to the LBT failure, the paging transmission could be blocked in NR-U. This could cause a long delay for the paging reception. According to the RAN2#103 meeting discussion, RAN2 achieved the following agreements:
	Agree to allow more paging transmission opportunities per DRX cycle for a UE in NR-U, e.g. both TDM and FDM can be considered. 


In this contribution, we discuss the more details on the paging transmission/reception in NR-U.
Discussion 
More transmission opportunities for multi-beam paging


Figure 1: Multiple paging transmission
According to the NR IDLE UE behaviours [1], “the length of one PO is one period of beam sweeping”. However the IDLE UE may only be able to receive the paging from one beam. Then for each beam, in order to increase the transmission opportunities, the PO should be able to include more than one period of beam sweeping.
Proposal 1: One PO can include more than one period of beam sweeping.
Consideration on the power consumption for paging reception
Although increasing the transmission opportunities per DRX cycle can improve the transmission for the NR-U paging, the main drawback would be the increased UE power consumption for monitoring the paging transmission. Here we consider that if the paging message is received by the UE and the paging message does not include the UE ID in a paging DRX cycle, the UE can stop the subsequent paging monitoring in the paging DRX cycle.
Proposal 2: The UE can stop the paging monitoring within a paging DRX cycle if one paging message is received by the UE and does not include the UE ID.
FDM paging


Figure 2: Scenarios for FDM paging
In the RAN2#103 meeting, RAN2 achieved the following agreements:
	Agree to allow more paging transmission opportunities per DRX cycle for a UE in NR-U, e.g. both TDM and FDM can be considered. 


From our understanding, the FDM paging should support the following two scenarios (as illustrated above):
· Scenario 1: Within a cell, different UEs can receive their own paging messages in different frequency domain.
· Scenario 2: Within a cell, one UE can simultaneously receive its own paging messages in multiple frequency domains.
For the above two scenarios, each frequency domain can be separate LBT channels (e.g. 20MHz). The benefit of Scenario 1 is to distribute the UEs in different frequency domains when the cell bandwidth is large (e.g. 100MHz), so as to avoid the congestion of one frequency channel. The benefit of Scenario 2 is to allow the network to have more transmission opportunities for paging, so as to avoid the missed paging occasions due to LBT failure. However we consider that Scenario 2 may not be applicable for all UEs, as the supported bandwidth for each frequency band could be quite different amongst UEs. Thus the UE capability for supporting simultaneous paging reception from multiple frequency channels should be considered while sending the paging message in Scenario 2.
Proposal 3: Different UEs can receive their own paging messages in different frequency domains within a cell.
Proposal 4: One UE can simultaneously receive more than one paging messages in multiple frequency domains within a cell.
Proposal 5: The UE capability of supporting simultaneous paging reception from multiple frequency channels should be considered while sending the paging message to the UE.

Conclusions
Based on the analysis given above, we have the following proposals：
Proposal 1: One PO can include more than one period of beam sweeping.
Proposal 2: The UE can stop the paging monitoring within a paging DRX cycle if one paging message is received by the UE and does not include the UE ID.
Proposal 3: Different UEs can receive their own paging messages in different frequency domains within a cell.
Proposal 4: One UE can simultaneously receive more than one paging messages in multiple frequency domains within a cell.
Proposal 5: The UE capability of supporting simultaneous paging reception from multiple frequency channels should be considered while sending the paging message to the UE.
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