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Discussion and Decision
1. Introduction

In RAN2#102, RAN2 agreed to study the same deployment scenarios agreed for RAN1 evaluation and this include NR-u standalone. For standalone, paging is an essential function to allow network to setup mobile terminating call as well as indicating change in system information and the sending of PWS warning messages.

Furthermore from RAN1#93, RAN1 made the following agreement:
	Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied


In this contribution, based on the above RAN1 agreement for NR-U standalone, RAN2 aspects on paging are studied.
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. Motivation for paging enhancement in NR-U
When NR operates in unlicensed band whether in NR-U standalone mode or when the PCell in a NR-U gNB, the paging transmission needs to apply contention-based channel access mechanism such as LBT mechanism. Even though PO is configured, and the paging transmission is scheduled, the transmission is subject to the success of LBT. Hence the UE may or may not receive the paging from the network. When LBT failed for PDCCH monitoring occasion in a PO, paging transmission has to be postponed until the next PO.  This may not be acceptable from the mobile terminating call latency point of view. In addition, paging is also used in PWS indication for critical warning message which is also time critical.
2.3. 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. However, this come at the expense of UE power consumption of having to wake up more frequently.  

Another way is by increasing the duration of the paging occasion. We call this paging monitoring window. The size of the window is configurable through RRC signalling (e.g. increase the number of PDCCH monitoring occasions in a PO). With paging monitoring window, 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 window once it receives a paging or if there are decodeable DL transmission by the UE etc.). 
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Figure 1 Paging Monitoring Window

It is thus proposed:
Proposal 1: RAN2 study on how to increase the transmission opportunities for paging, either via shortening the periodicity of idle mode DRX or introducing the concept of paging monitoring window. UE power consumption should be taken into account when studying the mechanism for improving the transmission opportunities for paging.
Increasing the paging transmission opportunities will result in higher UE power consumption. In case paging monitoring window concept is taken, it would be beneficial that gNB schedules the paging monitoring window that overlap with the SMTC window for the reference signal. As the frequency of DRS is a multiple of the paging occasion, it is possible for the gNB to do so.
Observation: In case paging monitoring window concept is to be studied, it would be beneficial that gNB schedules the paging monitoring window that overlap with the SMTC window for the reference signal.
3. Conclusion

RAN 2 to discuss and adopt the following proposals:

Proposal 1: RAN2 study on how to increase the transmission opportunities for paging, either via shortening the periodicity of idle mode DRX or introducing the concept of paging monitoring window. UE power consumption should be taken into account when studying the mechanism for improving the transmission opportunities for paging.

Observation: In case paging monitoring window concept is to be studied, it would be beneficial that gNB schedules the paging monitoring window that overlap with the SMTC window for the reference signal.
