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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
It is noted that the latency involved with paging transmission has direct bearing to the call connection latency. This becomes especially an important issue for the standalone system where PCell is on the unlicensed spectrum. If gNB could not transmit paging due to LBT, the paging transmission would have to be delayed to the next available occasion.
A survey of contributions submitted to RAN2#103bis, we noticed the time domain based proposals are boiled down to the following two options:

Option 1:

Increase the PDCCH monitoring occasion duration in a PO within a DRX cycle, in other words, the paging occasion become a paging occasion window (POW). Basically, it allows the network to schedule the PDCCH monitoring occasions for paging for x number of beam sweep. The x number of beam sweep is configurable via RRC. An example of paging using this POW concept is shown below:

Assuming a paging frame with two POs where x=2:  beam sweeps are repeated twice on PO1 for set of UEs, and 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.


Option 2:

A UE is associated with a number of POs that are consecutive or non-consecutive. In this method, the beam sweeping repeats on a different PO either within the same PF(consecutive) or different PF (non consecutive). See example below, a set of UE is associated with 2 POs:

a. Consecutive: UE set A is associated with PO1 and PO2 while UE set B is associated with PO3 and PO4


b. Non-Consecutive: UE set A is associated with PO1 and PO3 while UE set B is associated with PO2 and PO4


For option 1 and option 2a, the extra battery consumption are about the same. However, option 2b might increase further battery consumption due to turning on and off of the RF, and causes a delay for the UE to receive the page. Both options 2a and 2b required a change in the paging formula in 38.304.
Proposal 1: Use option 1 or 2a as a way to increase paging opportunity for NR-U
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 2: UE power consumption improvement should be taken into consideration due to the increase in paging transmission opportunities (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.)
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 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 3: It would be beneficial for gNB scheduling the PO to overlap with the NR-U DRS.

3. Conclusion

RAN 2 to discuss and adopt the following proposals:

Proposal 1: Use option 1 or 2a as a way to increase paging opportunity for NR-U

Proposal 2: UE power consumption improvement should be taken into consideration due to the increase in paging transmission opportunities (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: It would be beneficial for gNB scheduling the PO to overlap with the NR-U DRS.
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