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Discussion
1 Introduction

In RAN2#102, RAN2 discussed the scope of NR unlicensed spectrum study and following agreements are achieved [1].
Agreements

1
The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.

2
NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.

3
Support of asynchronous networks for will be addressed in the study (excluding the NR-U LAA case). 

4
Changes needed to configured grants should be studied.

5
Multiple beam operation and related procedures should be studied.

6
RAN2 will also consider all the bands included in RAN1 study.

In RAN2#103, RAN2 agreed to allow more paging transmission opportunities per DRX cycle for a UE in NR-U [2].

	=> 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 paging enhancement methods in NR unlicensed band.
2 Discussion
In NR unlicensed band, paging transmission could be dropped due to LBT failure. Such dropped paging transmission will cause delayed MT access because gNB and UE should wait until the next paging occasion occurs for the UE. Accordingly, we need to study how to recover from missing paging transmissions dropped due to LBT failure in terms of the paging delay and extra UE power consumption. 
PDCCH monitoring occasions for default association paging are same as for RMSI. When RMSI transmission is dropped due to LBT failure, the overlapped paging transmission will be likely dropped. Therefore, a solution to solve missing SI transmission could be also applicable to default association paging in NR unlicensed band. However, PDCCH monitoring occasions for non-default association paging are according to the paging search space. Therefore, a solution for non-default association should be considered separately.
In RAN2#103, RAN2 agreed to allow more paging transmission opportunities per DRX cycle for a UE in NR-U. We can consider several alternatives for non-default association paging.
[Alt.1 Extended monitoring window]

At first, a monitoring window for PO can be extended. This is the simplest alternative. However, the power consumption would increase because all UE would monitor the extended longer window. Moreover, the extended monitoring window would be consisted of consecutive time slot. If once the LBT is failed, the following LBT is likely failed in a short time. So, the possibility of LBT failure of the alternative 1 would be high.
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Figure1: Extended monitoring window for PO.
[Alt.2 Offset]

Secondly, an offset to indicate the location of additional PO can be considered. For example, the gNB broadcasts the offset to indicate the location of additional PO in NR-U. If UE monitors the PO determined by UE ID and UE cannot find DRS (Discovery Reference Signal) (or the received signal strength of DRS is lower than threshold), UE would monitor additional PO at the location of received offset. If UE detects DRS or paging indication at the determined PO, UE would not monitor the additional PO. In other words, only the UEs corresponding to the LBT failed PO will monitor additional PO. So, the power consumption would be less than extended monitoring window. In addition, the additional PO can have time distance between determined PO and additional PO. So, the possibility of LBT failure is lower than extended monitoring window. However, the resources at additional PO location were actually not for the paging. The resources for data transmission are now used for additional paging. Therefore, available data transmission resources are reduced due to the additional paging.
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Figure2: Offset to indicate the location of additional PO.
[Alt.3 Using Other PO]
Lastly, additional paging transmission in other PO can be considered. For example, the gNB broadcasts a parameter to indicate the location of additional PO. The parameter can be bitmap information or an integer value K. If UE monitors the PO determined by UE ID and UE cannot find DRS (or the received signal strength of DRS is lower than threshold), UE would monitor additional PO. If the determined PO is (i_s+1)th PO, the additional PO would be the (i_s+1+K)th PO (or indicated by 1 in bitmap information). If UE detects DRS or paging indication at determined PO, UE would not monitor additional PO. As the offset method, only the UEs corresponding to the LBT failed PO will monitor additional PO. So, the power consumption would be less than extended monitoring window. The possibility of LBT failure is also lower than extended monitoring window because of time distance between determined PO and additional PO. In addition, the resources at additional PO location are originally allocated for paging usage. So, data transmission resources are not reduced due to the additional paging. 
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Figure3: Additional paging transmission in other PO.
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Proposal 1: RAN2 consider to apply one of the alternatives (1~3) for more paging transmission opportunities per DRX cycle in NR-U.
Meanwhile, network can transmit the paging during channel occupancy time (COT) after LBT succeed. The COT is maximum 8ms in LTE and NR would be similar. The network may need to perform LBT again for the next PO. If we consider the “response driven paging”, the LBT for each PO may not be needed. For example, one or more paging indicators are sent to notify UEs associated to following POs during the first COT. Then, only if one of the paging indicators corresponds to the UE, the UE initiates a random access procedure and then gNB sends paging message. Thus, we think that the number of paging messages can be reduced in busy channel with the response driven paging. The network could determine whether to use response driven paging transmission or normal paging transmission depending on congestion, so that it will have flexibility with this scheme in paging transmissions.
Proposal 2: RAN2 consider to apply the “response driven paging” in NR unlicensed band.
3 Conclusion
In this contribution, we discussed 
Proposal 1: RAN2 consider to apply one of the alternatives (1~3) for more paging transmission opportunities per DRX cycle in NR-U.
Proposal 2: RAN2 consider to apply the “response driven paging” in NR unlicensed band.
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