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1 Introduction

In unlicensed spectrum, it is beneficial to introduce more opportunities per DRX cycle for the UE to receive the page due to the LBT. In RAN2#106[1], an agreement for the additional monitoring occasions has been reached as below:

=> We extend paging monitoring by extending PDCCH occasions for a PO

This means UE can monitor more monitoring occasions in a PO. In this contribution, we will continue to focus on the operation on detail.
2 Discussion

In NR[2], a PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. 

In NR-U, the extended set of paging occasions can be realized by configuring more dense pagingSearchSpace. UE assumes QCL between SS Blocks, Paging DCIs and Paging Messages. And the enhancements of SSB transmission are under discussion in RAN1, an agreement in RAN1#97[3] is as below. 

	Agreement
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE.

· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined 

· FFS: Restriction on the range of Q.


From above, when more SSB candidate indexes are introduced, there is a QCL relationship between those SSBs, as illustrated in Figure 1. In fact, the PDCCH monitoring occasions have a mapping relationship with the actual transmitted SSBs in Q. Hence, the mapping relationship between SSBs and PDCCH monitoring occasions in SI-window can be reused for PO, as illustrated in Figure 2. 
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Figure 1 DRS transmission
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Figure 2 paging transmission
Proposal 1: The mapping relationship between SSBs and PDCCH monitoring occasions in SI-window can be reused for paging. 

In other words, The [x×S+K]th PDCCH monitoring occasion for paging message corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …S, S is the number of actual transmitted SSBs in Q. X is determined by the total number of PDCCH occasions. The PDCCH monitoring occasions can be confined implicitly by the gap between POs, or explicitly by a window length. In our opinion, the implicit indication is a special case of the window length. For the window length, gNB can adjust the window length based on the probability to access the channel of its own, and UE can determine the monitoring range exactly. As a result, X is equal to CEIL(number of PDCCH monitoring occasions in window length / S).
Proposal 2: The paging monitoring occasions should be confined within a window.
Furthermore, a method to stop UE to continue to monitor the additional PDCCH is beneficial. In RAN2#106[1], the following agreement has been reached. 
· The UE should also stop monitoring paging for the PO even if it does not decode a P-RNTI if it can detect that the gNB had access to the channel at the pdcch monitoring occasion. FFS if there are additional detection methods to detection of PRNTI and what those are. 

Once UE detects any DL transmission such as SSB, DMRS from the serving gNB, UE can deduce that gNB had access to the channel. However, it should be ensured that only reliable DL channels/signals are used for such detection. RAN1/RAN4 can further discuss the aspects related to reliability of the detection and if the detection should be confined to only certain DL signals/channels. From RAN2 perspective we can assume that the UE is allowed to stop monitoring if it detects any DL transmission from serving gNB in the PO assuming that this doesn’t impact the overall paging performance (i.e. mis detection of DL transmissions doesn’t result in lost paging in DL). RAN2 should send an LS to RAN1/RAN4 with the above assumption. 
Proposal 3: RAN2 assumes that the UE may stop monitoring the extended POs if the UE detects any DL transmission within the initial PO, as long as this (i.e. any misdetection of DL transmissions) doesn’t negatively impact the paging performance. 

Proposal 3a: Which channels and/or signals (e.g. SSB, PDCCH, DMRS etc) are used for detecting that the gNB has DL channel access is up to RAN1/RAN4 discussions – send an LS to RAN1/4 informing them about this RAN2 agreement.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:

Proposal 1: The mapping relationship between SSBs and PDCCH monitoring occasions in SI-window can be reused for paging. 

Proposal 2: The paging monitoring occasions should be confined within a window.
Proposal 3: RAN2 assumes that the UE may stop monitoring the extended POs if the UE detects any DL transmission within the initial PO, as long as this (i.e. any misdetection of DL transmissions) doesn’t negatively impact the paging performance. 

Proposal 3a: Which channels and/or signals (e.g. SSB, PDCCH, DMRS etc) are used for detecting that the gNB has DL channel access is up to RAN1/RAN4 discussions – send an LS to RAN1/4 informing them about this RAN2 agreement.
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