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Discussion and Decision
1. Introduction

In RAN2#103, RAN2 agreed to increase the paging transmission opportunities per DRX cycle as follow:
	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.


This would mean that shortening the DRX cycle is no longer a solution. RAN1 also agreed to the following related to paging:

 RAN1#93 
	Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied



RAN1#94

	The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial



In this contribution, based on the above agreement for NR-U standalone, RAN2 aspects on paging are discussed.
2. Discussion
2.1. Paging design in NR

In NR, the UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.
The PDCCH monitoring occasions for paging are determined according to whether paging-SearchSpace is configured. If yes, the PDCCH monitoring occasions follow the paging-SearchSpace. Otherwise the PDCCH monitoring occasions follow according to the default association (i.e. PDCCH monitoring occasions for paging are same as for RMSI). 

For default association, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.

For non-default association (i.e. when paging-SearchSpace is used), the UE monitors the (i_s + 1)th PO where the first PO starts in the PF.
The set of PDCCH monitoring occasions of a PO can span one or more time slots depending on the number of SSBs.
2.2. Improving the transmission opportunities for paging
One simple way to allow the network with more transmission opportunities from sending the paging is to shorten the periodicity of idle mode DRX.  Based on RAN2 agreement during RAN2#103, this method seems to be not favoured by most companies. The alternative approach is to increase the paging transmission opportunities within a DRX cycle, which is agreed by RAN2. Increasing the paging transmission opportunities is like increasing the set of PDCCH monitoring occasions of a PO. Such increase can be configurable via RRC signalling. 

The following illustrates how the paging occasion can be increased: 

Case 1: Non-multibeam deployment
For non-multibeam deployment, the number of PDCCH monitoring occasions for paging can be increased by allowing the network to schedule the PDCCH monitoring occasions for paging for x number of subframes, where x  is configurable through RRC. An example of paging in non-multibeam deployment is as follow:
Assuming a paging frame with two POs, where PO 1 is for a set of UEs and PO 2 is for another set of UEs and x = 4 



Proposal 1: RAN2 to study the increase in the PDCCH monitoring occasions of a PO in non-multibeam deployment to alleviate the lost of transmission opportunities due to LBT
Case 2: Multi-beam deployment
For multibeam deployment, taking the same principle as the non-multibeam case, the number of PDCCH monitoring occasions can be increased by allowing the network to schedule the PDCCH monitoring occasions for paging for x number of beam sweep.  The x number of beam sweep is again configurable via RRC. An example of paging in a multibeam deployment is as follow:
Assuming a paging frame with two POs where x=2:  beam sweeps are repeated twice on PO1 for set of UEs, beam sweeps are repeated twice on PO2 for another set of UEs. 



As shown in the above figure, each SSB/PDCCH occasion (represented different color) is send on PO1 (each color repeated once for x=2) for UE set 1 and PO2 (each color repeated once for x=2) for UE set 2.
Proposal 2: RAN2 to study the increase in the PDCCH monitoring occasions of a POby the unit of the number of beam sweep in a PO in order to increase the transmission opportunities lost due to LBT
With increase of PDCCH monitoring occasion, even though it provides more paging transmission opportunities, it still results in consuming more UE power. In order to reduce UE power consumption, some enhancement can be studied (e.g. UE may stop monitoring the additional PDCCH monitoring occasion once it receives a page or if there are decodeable DL transmission by the UE etc.). 
Proposal 3: RAN2 should study the improvement to UE power consumption due to the increase in the paging transmission opportunities

In addition, it would be beneficial that gNB schedules the paging occasion window to overlap with the NR-U DRS to save UE having to wake up more instance to monitor for paging and also take measurement. As the frequency of DRS is a multiple of the paging occasion, it is possible for the gNB to do so. This is aligned to the RAN 1 agreement as follow:
The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
Proposal 4: In case of increase PDCCH monitoring occasion concept is to be studied, it would be beneficial that gNB schedules the PO to overlap with the NR-U DRS.

3. Conclusion

RAN 2 to discuss and adopt the following proposals:

Proposal 1: RAN2 to study the increase in the PDCCH monitoring occasions of a PO in non-multibeam deployment to alleviate the lost of transmission opportunities due to LBT

Proposal 2: RAN2 to study the increase in the PDCCH monitoring occasions of a POby the unit of the number of beam sweep in a PO in order to increase the transmission opportunities lost due to LBT

Proposal 3: RAN2 should study the improvement to UE power consumption due to the increase in the paging transmission opportunities

Proposal 4: In case of increase PDCCH monitoring occasion concept is to be studied, it would be beneficial that gNB schedules the PO to overlap with the NR-U DRS.
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