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1 Introduction

In RAN#82, a new work item on NR-based Access to Unlicensed Spectrum was approved [1]. The corresponding technical report for the study item was also approved in [2].  Modifications to the paging procedure in unlicensed spectrum due to the LBT effect is part of the NR-U work item objectives [1]:

Paging: specify required NR modifications to enhance paging opportunities by increasing time-domain paging occasions or paging monitoring occasions while taking UE power consumption into account.

In RAN2#105, the following was agreed for the paging procedure in NR-U:

· A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted)

· FFS dynamic extension

· FFS dynamic termination 
In RAN2#105bis, the following was agreed for the paging procedure in NR-U:

· As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO
In this contribution, we discuss enhancements to the paging procedure considering the impact of LBT in unlicensed spectrum.
2 Additional Paging Occasions
It has been agreed that channel occupancy, and more specifically an inability to acquire the channel during a UE’s POs, can increase the over-all paging latency in NR-U compared to NR.
Increasing the opportunities for a UE to receive a page can be done by either increasing the number of POs within a PF or increasing the number of PFs in time (e.g. by shortening the DRX cycle). The former seems like a more agreeable method given that UE power savings are affected if the UE has to wake up more often. However, increasing the number of POs in a PF may not be sufficient given that the channel load is highly correlated in such a short time span. For example, the probability of successful channel access in a slot is highly correlated to that of an adjacent slot. Therefore, to reduce the correlation and improve the channel access probability, the network would have to use maximum separation between POs in a PF (e.g. assign POs at the beginning and end of a PF), which may not allow the network to effectively spread the paging load over the PF.

On the other hand, reducing the DRX cycle to increase the number of PFs would remove the channel access correlation between POs. However, this comes at a cost of increasing UE power consumption. Furthermore, this also reduces the network’s ability to effectively spread the paging load in time and thus reduces its paging capacity.

Observation 1:
Multiple POs in a PF have highly correlated channel access probabilities and may not improve UE reachability for paging transmissions.
Observation 2:
Decreasing DRX cycle duration to improve channel access probability reduces UE power savings and paging transmission capacity.
It has been proposed that POs can be spread in the frequency domain. This can provide more channel access diversity for the network to transmit a paging message on at least one PO in a PF. One drawback of this method is that to significantly increase channel access probability, a UE should always monitor multiple frequency regions within a PF.
2.1 Dynamic Termination
In cases where the channel occupancy is low, current NR operation is sufficient for paging. However, the channel occupancy may change dynamically. Therefore, monitoring extra POs or extra PDCCH occasions in a PO, upon a condition being satisfied is beneficial in fluctuating channel occupancy conditions. At RAN2#105bis it was agreed that if a UE receives a PDCCH with appropriate P-RNTI it is not required to monitor subsequent PDCCH monitoring occasions in that PO. Using such a framework, the condition to monitor subsequent PDCCH monitoring occasions in that PO is the lack of reception of such a PDCCH. As such, we can refer to a first PDCCH monitoring occasion as a regular monitoring occasion and any subsequent monitoring occasions within the PO as an additional or conditional monitoring occasions. Such additional monitoring occasions ensure that UE reachability is maintained at limited cost to the UE power consumption.
Proposal 1: 
The UE always monitors a first PDCCH monitoring occasion in a PO.

Proposal 2: 
The UE monitors subsequent PDCCH monitoring occasion in a PO if it didn’t receive a transmission from the cell in a previous PDCCH monitoring occasion in a PO or it received PDCCH not addressed to its P-RNTI.

This effectively means that the UE can conditionally monitor additional PDCCH occasions without requiring the gNB to transmit a signal in each PDCCH monitoring occasion. Moreover, even if the UE miss-detects no PDCCH addressed to P-RNTI when it was transmitted in a PDCCH monitoring occasion, e.g. due to bad channel conditions, the only consequence is monitoring the additional PDCCH monitoring occasions. Therefore, there are no miss-synchronization issues between the UE and the gNB, as the UE will always monitor at least as many PDCCH monitoring occasions as expected by the gNB. This dynamically matches the number of PDCCH monitoring occasions to the instantaneous channel load and thus balances UE power consumption and reachability. 
Such additional PDCCH monitoring occasions can ensure that a UE is not unnecessarily wasting power monitoring multiple PDCCH monitoring occasions (possibly in multiple frequencies) if the gNB can easily acquire the channel early in a PO. Furthermore, providing UEs with more regular PDCCH monitoring occasions can reduces the over-all paging capacity of the network (or requires an increase in paging resources). However, using additional PDCCH monitoring occasions means that the network should not expect to always use such PDCCH monitoring occasions and they can therefore be spread out in a way to ensure paging capacity is not reduced. For example, a first UE may have a first resource as its main PDCCH monitoring occasion and a second resource as an additional PDCCH monitoring occasion. Another UE may be configured with the opposite. Therefore, only in cases where both UEs are to be paged and only a single PDCCH monitoring occasion is available will there possibly be a need to transmit multiple paging messages in a PDCCH monitoring occasion.
2.2 Dynamic Extension
In a high paging load scenario combined with high occupancy of the channel, the network may not have the necessary resources or capacity to page all applicable UEs simultaneously when the channel becomes available and may therefore wish to indicate to the UE to monitor upcoming additional PDCCH monitoring occasions or POs in order to reduce the paging latency. Therefore, it makes sense to consider the paging load when determining the extension conditions for monitoring additional PDCCH monitoring occasions or POs in the DRX cycle.

To achieve delayed paging, even when the channel is not occupied in the current PDCCH monitoring occasion or PO, the gNB can indicate to the UE to monitor the additional PDCCH monitoring occasions or POs within the DRX cycle, e.g. with the intention of paging the UE in an upcoming additional PDCCH monitoring occasion or PO within the DRX cycle.

Proposal 3:
UE can be indicated to monitor additional PDCCH monitoring occasions or POs within the DRX cycle even if it is not paged in the current PDCCH monitoring occasion or PO.

3 Conclusion

In this contribution we discuss paging enhancements for NR-U and provide the following proposals and observations:
Observation 1:
Multiple POs in a PF have highly correlated channel access probabilities and may not improve UE reachability for paging transmissions.
Observation 2:
Decreasing DRX cycle duration to improve channel access probability reduces UE power savings and paging transmission capacity.
Proposal 1: 
The UE always monitors a first PDCCH monitoring occasion in a PO.

Proposal 2: 
The UE monitors subsequent PDCCH monitoring occasion in a PO if it didn’t receive a transmission from the cell in a previous PDCCH monitoring occasion in a PO or it received PDCCH not addressed to its P-RNTI.

Proposal 3:
UE can be indicated to monitor additional PDCCH monitoring occasions or POs within the DRX cycle even if it is not paged in the current PDCCH monitoring occasion or PO.
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