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1. Introduction
Paging and SI broadcasting issues for NR-U were discussed during the NR-U Study Item. The main conclusions were as follows:
· It may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. 
· The additional locations can be provided in time domain by configuring an extended paging occasion (i.e. a paging window) or configuring multiple paging occasions to a UE. 
· It is beneficial that the paging occasions are transmitted in close time to or overlap with the reference signals.
Paging was discussed in RAN2#105 and the following were agreed [2]:
· 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 

RAN2#105bis has discussed when to stop paging monitoring and the following was 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 this contribution, we discuss details for configuring and monitoring multiple paging occasions NR-U.

2. Discussion
NR-U Study Item concluded that additional opportunities for paging are beneficial to alleviate the LBT impact. Two main options for additional opportunities are multiple paging occasions (PO) or a paging window during which the paging message can be transmitted. We note that paging window is a special case of multiple PO and it is the better option for UE power savings. If the gNB can’t transmit the paging message at UE’s calculated PO, it should transmit it as soon as LBT passes.
According to RAN2#105 agreement, additional monitoring occasions can be configured at, before, or after its calculated PO. Since the baseline PO already contains all PDCCH monitoring occasions configured in the paging search space, the “at” option does not make sense. The “before” option is not a good option as it will make it difficult when to start the monitoring time considering LBT. Therefore, RAN2 should only focus on the “after” option.

Proposal 1: A UE can be configured for an additional number of consecutive PO locations after its calculated PO when the paging message can be transmitted.

One immediate question is whether these additional PO should be consecutive or gaps between them are allowed. The consecutive option can provide better UE power savings when LBT is successful soon. However, gaps can enable better LBT diversity since there is a higher chance for consecutive POs to fail LBT.

Rel-15 NR allows configuring a starting offset (firstPDCCH-MonitoringOccasionOfPO). For full flexibility, the same can be kept for additional POs.
Proposal 2: A starting offset for each additional PO can be configured separately.

Monitoring additional number of PO, especially with gaps between them, will increase UE power consumption. Therefore, the UE should stop monitoring as soon as it can be deduced that a paging message will not be transmitted. For example, if the UE can detect that the gNB already gained access to the channel (mechanisms are being discussed in RAN1) or can detect a valid paging message but not directed to itself, it should stop monitoring the additional POs. In other words, the additional POs should not be used as a paging capacity improvement mechanism.
RAN2#105bis agreed that if the UE decodes a P-RNTI in one of the above occasions, it will stop monitoring the additional ones even if it did not get a message. Here the underlying assumption is that the gNB would have scheduled the paging since it already got access to the channel. This logic should be extended to other cases when the gNB had access to the channel but did not schedule paging because there was no pending paging message. In this case, the UE should not monitor all paging occasions.

Observation 1: Since the UE does not get a page most of the time, it is important not to monitor all occasions every cycle to reduce UE power consumption.
Observation 2: The UE should also stop monitoring paging even if it does not decode a P-RNTI if it can detect that the gNB had access to the channel.
The most reliable method to detect the gNB access to the channel is to use COT-SI which is being specified in RAN1 for this purpose. The likely choice for this signal in RAN1 is a wide-band DMRS signal which the UE can detect reliably and with reduced power. The paging mechanism can also take advantage of this. When the UE is monitoring multiple paging occasions, if it detects COT-SI, it should not monitor after the first paging occasion after COT starts.
Proposal 3: The UE stops monitoring additional POs after the first PO in a COT where COT detection can be based on COT-SI signalling.
The UE will have to measure SSBs in SMTC before monitoring PO for channel and beam estimation. Since the UE is awake during this time, if the gNB can provide whether there is or there is not a pending paging for this UE, the UE can decide to sleep accordingly.

Observation 3: With the longer duration to monitor, informing the UE about existence of paging beforehand is beneficial for power savings.

Therefore, a mechanism to inform the UE about an existence of a paging message has both power and LBT benefits. RAN2 can coordinate with RAN1 on its feasibility.

Proposal 5: The gNB signals in DMTC whether there is a paging message for a UE (or a group of UEs) in the upcoming PO(s). RAN2 should communicate with RAN1 on the feasibility and design of such signaling.

For multiple paging opportunities, FDM option was also discussed under the assumption that this can provide additional LBT diversity. Since RAN1 has concluded during the Study Item that the initial BWP is 20Mhz and LBT is performed in 20Mhz units, there is no benefit of configuring the UE with multiple FDM’ed PO occasions at the same time. However, it may be possible that these PO locations can be distributed in time (i.e. time hopping). This discussion is more appropriate for RAN1 scope. 

Observation 4: Multiple paging opportunities in another cell or sub-band may not feasible for Idle/Inactive mode where the initial BWP is 20Mhz unless RAN1 defines a hopping FDM pattern.

Proposal 6: As baseline, a UE receives paging messages only in initial BWP or in its active BWP as in NR.

RAN1 is also discussing paging when paging search space is zero, i.e. then they are multiplexed with SSBs. As in Rel-15 NR, this can be decided by RAN1 itself. However, it would be beneficial to inform RAN2 decisions on paging when the search space is not zero so that both solutions are consistent.
Observation 5: RAN1 can continue focus on paging when search space is zero.
Proposal 7: Send an LS to RAN1 about RAN2 decisions on paging when search space is not zero.
3. Conclusion

In this contribution, we discussed paging for NR-U and observe and propose the following:
Proposal 1: A UE can be configured for an additional number of consecutive PO locations after its calculated PO when the paging message can be transmitted.

Proposal 2: A starting offset for each additional PO can be configured separately.

Observation 1: Since the UE does not get a page most of the time, it is important not to monitor all occasions every cycle to reduce UE power consumption.
Observation 2: The UE should also stop monitoring paging even if it does not decode a P-RNTI if it can detect that the gNB had access to the channel.
Proposal 3: The UE stops monitoring additional POs after the first PO in a COT where COT detection can be based on COT-SI signalling.

Observation 3: With the longer duration to monitor, informing the UE about existence of paging beforehand is beneficial for power savings.

Proposal 5: The gNB signals in DMTC whether there is a paging message for a UE (or a group of UEs) in the upcoming PO(s). RAN2 should communicate with RAN1 on the feasibility and design of such signaling.

Observation 4: Multiple paging opportunities in another cell or sub-band may not feasible for Idle/Inactive mode where the initial BWP is 20Mhz unless RAN1 defines a hopping FDM pattern.

Proposal 6: As baseline, a UE receives paging messages only in initial BWP or in its active BWP as in NR.

Observation 5: RAN1 can continue focus on paging when search space is zero.
Proposal 7: Send an LS to RAN1 about RAN2 decisions on paging when search space is not zero.
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