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1	Introduction
In RAN1#92[1], the deployment scenario of stand-alone NR-U was agreed to be supported. Paging message on NR-U may be delayed or missed due to LBT failure. In RAN1#93[2], the agreement about paging has been reached as follows:
	Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.



Although RAN1 will focus on the enhanced transmission of paging, illustrated as [3][4], RAN2 would seek the solution for enhancements on paging as well. In this contribution, we discuss the solutions to enhanced transmission of paging on NR-U.
2	Discussion
[bookmark: _GoBack]According to the agreements in RAN2#AH_1701[5], paging occasion consists of multiple time slots that enable transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition. On NR-U, gNB has to perform channel access before paging transmission. If LBT fails, part or even all of paging occasions may be blocked, as shown in Figure 1. 
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Figure 1 blocked paging occasions
In NR, the UE monitors one paging occasion (PO) per DRX cycle. If UE fails to receive the paging in the PO, it will not be paged until the next PO, which might be too late for mobile terminating call and PWS indication. Therefore, it is essential to retransmit the blocked paging within the DRX cycle. RAN2 can discuss the enhancement for paging.
Observation 1: RAN2 need to discuss the enhancement for paging.
It is beneficial to increase transmission opportunities for paging. In other words, additional POs should be introduced. When LBT fails for one PO, gNB can try to transmit the blocked paging message in the additional POs within the same DRX cycle.
Proposal 1: Additional POs to increase paging opportunities should be beneficial.
However there is a tradeoff between increasing paging opportunities and UE power consumption. Additional POs should not wake up UE frequently with regard to UE power consumption. Hence, continuously monitoring additional POs should be beneficial.
Since the purpose is to increase transmission opportunities once paging is blocked due to LBT failures, the starting PO does onot need to be modified. According to 38.304[6], the starting PO can be derived.
PF, PO are determined by the following formula:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the start of a set of PDCCH monitoring occasions for the paging DCI, is determined by:
i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T)
Proposal 2: The PO/PF calculation in NR can be used as a starting point for NR-U.
For the location of additional POs, two options are discussed below:
[bookmark: OLE_LINK4]Option 1: Reusing existing broadcast POs. When part of or all of POs is blocked, the blocked paging might be transmitted at the next existing broadcast PO if LBT succeeds.  UE keeps monitoring the next PO which is based on PDCCH configuration for paging. This option might lead to heavy load for the existing broadcast PO. Some enhancements can be done. Eg. Distributing UEs of blocked PO to different broadcast POs.
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Figure 2 option1: location of additional POs
Option 2: Inserting additional POs among existing broadcast POs. New potential POs can be flexibly inserted between existing POs to compensate reduced transmission opportunities of paging messages due to LBT failures. However, the location and duration of new potential POs should be limited in order to avoid overlapping among new potential POs and existing broadcast POs. UE can determine the location of inserted PO based on the offset to the blocked PO.
[image: ]
Figure 3 option2: location of additional POs
Each option has its pros and cons. Option 1 Further study should be done for two options above by RAN2.
Proposal 3: RAN2 can study the allocation scheme for additional POs, such as reusing the existing broadcast PO or inserting new POs.
4	Conclusion 
The proposals are as follows:
Observation 1: Since the addition transmission for paging in a PO is subject to LBT mechanism, RAN2 need to discuss the transmission for paging.
Proposal 1: Additional POs to increase transmission opportunities for paging should be beneficial.
Proposal 2: The PO/PF calculation in NR can be used as a starting point for NR-U.
Proposal 3: RAN2 can study the allocation scheme for additional POs, such as reusing the existing broadcast PO or inserting new POs.
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