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1 Introduction

In RAN#82, a 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 further agreed:

· 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 RAN2#106, the following was further agreed:

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. 

In RAN2#107, an LS to RAN1 was drafted asking RAN1 if there are other DL signals that can be reliably detected for the purpose of a UE determining the gNB had access to the channel in the PO.

In this contribution, we discuss the LS reply from RAN1 [3] and the effect on the paging procedure in unlicensed spectrum is discussed.
2 Monitoring additional Paging Occasions
Channel occupancy, and more specifically an inability to acquire the channel during the 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 or the number of PDCCH monitoring occasions within POs. However, dimensioning such additional PDCCH occasions becomes an important trade-off between UE reachability and UE power consumption. 
In cases where the channel occupancy is low, current NR operation is sufficient for paging. However, channel occupancy is not deterministic and could change dynamically. Monitoring extra PDCCH occasions in a PO is beneficial in cases of high channel occupancy, giving more chances for a UE to be paged within a paging cycle and thus reducing any increase in paging latency caused by the network’s inability to acquire the unlicensed channel. On the other hand, monitoring extra PDCCH occasions in a PO is wasteful in terms of UE power consumption in low channel occupancy instances, given that the network can more reliably acquire the channel in a first PDCCH monitoring occasion of a PO.
To support monitoring such additional PDCCH monitoring occasions without adversely affecting power consumption, RAN2 agreed that if a UE receives a PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, the UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO. This reduces superfluous PDCCH monitoring occasions in a dynamic manner that matches the ability of the network to acquire the channel to transmit paging messages. However, for this to be effective in reducing UE power consumption, the gNB should transmit a PDCCH with P-RNTI for all its served UEs in every paging occasion. Otherwise at least some UEs will be wasting power monitoring unnecessary PDCCH monitoring occasions. Limiting the stopping behaviour to PDCCH addressed to P-RNTI can therefore lead to either an increase in signalling or sub-optimal UE power savings.

RAN2 asked RAN1 whether other DL signals could be reliably detected for the purpose of a UE determining that the gNB had access to the channel in the PO. RAN1 replied [3] that “there are other signals/channels that can be detected with similar reliability to a DCI with CRC scrambled with a P-RNTI (e.g., PDCCHs with CRC scrambled with other RNTIs)”. Therefore, it makes sense that a UE detecting a PDCCH addressed to other RNTIs should be useable to determine that the gNB acquired the unlicensed channel in the PO. And as such, upon detection of a PDCCH addressed to other RNTIs, the UE could not be required to monitor subsequent PDCCH monitoring occasions in the PO.

Observation 1:
The UE can determine that the gNB has acquired the channel in a PO based on the detection of PDCCH addressed to RNTI other than P-RNTI.
Proposal 1:
The UE can determine whether it should monitor additional PDCCH monitoring occasions within a PO if it detects a PDCCH addressed to an RNTI other than P-RNTI.
For example, if a UE detects a GC-PDCCH (e.g. addressed to SFI-RNTI or a new COT structure indication RNTI), the UE can determine that the gNB has acquired the channel in the PO and if the UE has not received paging in that PO, then it isn’t meant to be paged.

This behaviour maximizes UE power savings at reduced signalling cost, given that the network can address all of its served UEs with a single transmission. However, it can also reduce network flexibility. The current RAN2 agreement suggests that a UE should continue monitoring PDCCH monitoring occasions if it has not detected a PDCCH addressed to P-RNTI. This can enable the network to spread out its paging load across multiple PDCCH monitoring occasions in a PO. This can be especially relevant for cases where the network has multiple UEs to page in a PO which can happen after a long period of channel unavailability. However, if the network transmits a GC-PDCCH or the like, all UEs not yet paged could stop monitoring subsequent PDCCH monitoring occasions and so the flexibility to spread out paging messages is reduced.
One way to resolve such a behaviour is for the gNB to have the flexibility to delay paging within a PO by supporting an indication triggering UEs to keep monitoring the additional PDCCH monitoring occasions in a PO. Even when implicitly indicating that it has acquired the channel by transmitting a GC-PDCCH, the gNB can indicate to the UE(s) to monitor the additional PDCCH monitoring occasions within the PO, e.g. with the intention of paging the UE(s) in an upcoming additional PDCCH monitoring occasion within the DRX cycle.

Proposal 2:
If the UE has not detected a PDCCH addressed to P-RNTI, it can determine whether to monitor additional PDCCH monitoring occasions in a PO based on a monitoring extension indication applicable to the PO.
At its simplest, the monitoring extension indication could indicate to a group of UEs (e.g. those sharing the same PF or POs that have not yet detected a PDCCH addressed to their P-RNTI) to continue monitoring the PO regardless of the reception of other signals indicating the gNB has acquired the channel. It could be explicit (for example, a single bit in a GC-PDCCH or in a PBCH) or implicit (e.g. an GC-PDCCH addressed to a specific RNTI). 
With such an indication, a compromise between flexibility of the gNB to reach the UE at different paging occasions and reasonable power consumption at the UE side can be achieved. Given the benefits of supporting a monitoring extension indication, we propose the following:
Observation 2:
The UE is not required to monitor additional PDCCH monitoring occasions for paging in the PO if UE receives a PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO (as previously agreed).
Observation 3:
The UE is required to monitor PDCCH monitoring occasions if it has not decoded P-RNTI in a PDCCH monitoring occasion nor determined that the gNB had access to the channel (R15 baseline).
Proposal 3:
The UE is required to monitor subsequent PDCCH monitoring occasions in a PO if it does not decode P-RNTI in a PDCCH monitoring occasion in a PO AND it receives a monitoring extension indication indicating it should monitor subsequent PDCCH monitoring occasions in a PO.

Proposal 4:
The UE is not required to monitor additional PDCCH monitoring occasions in the PO if it receives a monitoring extension indication indicating it should not monitor subsequent PDCCH monitoring occasions in a PO.
Proposal 5:
The UE is not required to monitor additional PDCCH monitoring occasions in the PO if it has not received a monitoring extension indication and it has detected a PDCCH addressed to RNTI other than P-RNTI.

Based on the above proposals, a UE would be required to monitor all PDCCH monitoring occasions in a PO until one of the following occurs:
1. The UE detects a PDCCH addressed to P-RNTI.
2. The UE receives a monitoring extension indication that instructs the UE to not monitor the remaining additional PDCCH monitoring occasions in the PO.

3. The UE detects a PDCCH addressed to RNTI other than P-RNTI and does not receive a monitoring extension indication.

The benefit of (2) is that it enables dynamic paging flexibility. The benefit of (3) is that it removes the need for the network to transmit dedicated monitoring extension indications or PDCCH addressed to P-RNTIs if it is not required for the UE(s) to keep monitoring. On the other hand, if the network transmits a monitoring extension indication that instructs the UE to monitor additional PDCCH monitoring occasions in a PO, (3) would not be considered and so the network would have flexibility to use the PO resources as it sees fit. 

3 Conclusion

In this contribution we discuss paging enhancements for NR-U and provide the following proposals and observations:
Observation 1:
The UE can determine that the gNB has acquired the channel in a PO based on the detection of PDCCH addressed to RNTI other than P-RNTI.
Proposal 1:
The UE can determine whether it should monitor additional PDCCH monitoring occasions within a PO if it detects a PDCCH addressed to an RNTI other than P-RNTI.
Proposal 2:
If the UE has not detected a PDCCH addressed to P-RNTI, it can determine whether to monitor additional PDCCH monitoring occasions in a PO based on a monitoring extension indication applicable to the PO.
Observation 2:
The UE is not required to monitor additional PDCCH monitoring occasions for paging in the PO if UE receives a PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO (as previously agreed).

Observation 3:
The UE is required to monitor PDCCH monitoring occasions if it has not decoded P-RNTI in a PDCCH monitoring occasion nor determined that the gNB had access to the channel (R15 baseline).
Proposal 3:
The UE is required to monitor subsequent PDCCH monitoring occasions in a PO if it does not decode P-RNTI in a PDCCH monitoring occasion in a PO AND it receives a monitoring extension indication indicating it should monitor subsequent PDCCH monitoring occasions in a PO.

Proposal 4:
The UE is not required to monitor additional PDCCH monitoring occasions in the PO if it receives a monitoring extension indication indicating it should not monitor subsequent PDCCH monitoring occasions in a PO.

Proposal 5:
The UE is not required to monitor additional PDCCH monitoring occasions in the PO if it has not received a monitoring extension indication and it has detected a PDCCH addressed to RNTI other than P-RNTI.
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