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1 Introduction
Transmission/reception of paging in unlicensed spectrum was discussed during NR-U study item. It was agreed [1] that it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. The additional locations can be provided in time domain by configuring an extended paging occasion or configuring multiple paging occasions to a UE.
In this contribution we discuss how to configure additional opportunities for receiving paging.
2 Discussion
In RAN2 #105 configuration of additional opportunities by extending PO was briefly discussed based on proposals in [2]. 

· In NR each PO consists of 'S' consecutive PDCCH monitoring occasions for paging where 'S' is the number of actual transmitted SSBs. In order to provide additional transmission opportunities, PO in NR-U can be extended to include additional PDCCH monitoring occasions. Since additional opportunities is needed for each transmitted SSB, extended PO can include ‘S×X’ PDCCH monitoring occasions for paging, where X is the number of opportunities per SSB. 'X' can be configured in paging configuration (i.e. pcch-Config). 
During the discussion some companies mentioned that there should be gap between the set of additional opportunities and hence it is better to configure UE to monitor multiple POs instead of a single PO. We would like to emphasise that there is already enough flexibility in the NR design to configure sufficient gap between the opportunities using the parameters of paging search space. As shown in figure 1, sets of slots having PDCCH monitoring occasions for paging can be spaced sufficiently apart by configuring the 'periodicity' parameter appropriately.
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Figure 1
Figure 2 is example illustration of extended PO where the gap between each set of 'S' PDCCH monitoring occasions is configurable via 'periodicity' parameter of paging search space. In the example, paging search space configuration includes Periodicity: P slots; Offset: 0; duration: 1 slot; monitoringSymbolsWithinSlot: 10000010000000;CORESET-time-duration: 4 OFDM symbols. In the example number (S) of transmitted SSBs is 2 and number (X) of opportunities per SSB is 2.
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 Figure 2

Observation  : The gap between each set of 'S' PDCCH monitoring occasions in extended PO can be controlled by network using the paging search space parameters.
· The maximum gap can be upto 2559 slots.

Based on the discussion above, there is no issue with respect to gap between the set of additional opportunities for paging in extended PO. So we propose the following:
Proposal 1: PO is extended by including additional PDCCH monitoring occasions for paging in PO. 

Proposal 2: PO consists of ‘S × X’ PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH monitoring occasions per SSB. FFS details of signaling parameter 'X'.
2.1 Mapping between SSBs and PDCCH Monitoring Occasions in Extended PO 
In NR, Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB as shown in Figure 3.
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Figure 4

This needs to be re-defined if PO in NR-U consists of ‘S × X’ PDCCH monitoring occasions. In NR, the SI window consists of more PDCCH monitoring occasions then actual transmitted SSBs. So, the mapping rule (as defined in TS 38.331) between SSBs and PDCCH monitoring occasions in SI-window can be re-used for PO i.e. the [x*S+K]th PDCCH monitoring occasion (s) for paging in the PO corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K =  1, 2, …S, S is the number of actual transmitted SSBs. The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB IDs. This is illustrated in Figure 4.
Proposal 3: The mapping rule (as defined in TS 38.331) between SSBs and PDCCH monitoring occasions in SI-window is re-used for PO. 

Draft CRs for the above proposals are provided in [3] and [4] respectively.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation  : The gap between each set of 'S' PDCCH monitoring occasions in extended PO can be controlled by network using the paging search space parameters.
· The maximum gap can be upto 2559 slots.

Proposal 1: PO is extended by including additional PDCCH monitoring occasions for paging in PO. 

Proposal 2: PO consists of ‘S × X’ PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH monitoring occasions per SSB. FFS details of signaling parameter 'X'.

Proposal 3: The mapping rule (as defined in TS 38.331) between SSBs and PDCCH monitoring occasions in SI-window is re-used for PO. 
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