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Introduction
[bookmark: _Ref462918989]In RAN2#106 meeting, it was agreed that the PDCCH monitoring occasions within a paging occasion (PO) can be extended in NR-U [1], in order to provide UE more chances to monitor the paging, given that the channel might not be always available for unlicensed spectrums. The details of how to extend the PDCCH monitoring occasions and the relevant TP were agreed in RAN2#107 meeting [2].
In order to compensate the increased UE power consumption caused by the extended PO, RAN2 further agreed in RAN2#106 meeting that the idle/inactive UE is allowed to terminate the PDCCH monitoring for paging earlier, according to the following agreements.
	Agreement in RAN2#106:
· 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.



However, the details on how and when the UE is allowed terminate the PDCCH monitoring are still unclear, as RAN2 is not sure about whether there is any reliable signaling from L1 which can tell UE that the gNB has already obtained the access to the channel. Therefore, in RAN2#107 meeting, RAN2 sent the following LS to RAN1 to ask if there is any reliable DL signal other than the PDCCH scrambled by P-RNTI that UE can rely on to terminate the paging monitoring.
	Agreement in RAN2#107:
· Text for LS to R1: RAN2 has agree to extend PDCCH monitoring at paging. <ref agreement text> RAN2 think that UE may stop monitoring the additional PDCCH monitoring occasions at paging occasions (PO) if it detects that gNB had access to the channel at the PO and the detection is reliable. RAN2 has agreed to use transmission addressed to P-RNTI for this purpose. RAN2 wonders whether there are other DL signals that can be reliably detected for this purpose. 
· DRAFT LS out in R2-1911540 (ZTE)



RAN1 replied in RAN1#98b meeting that there are indeed other DL signals that are as reliable as the PDCCH scrambled by P-RNTI [3]. However, they are not able to conclude which DL signal is more suitable for UE to stop the paging monitoring earlier, according to the following reply from RAN1.
 
	Agreement in RAN1#98b:
Include the following in a reply LS to RAN2 for R1-1909954:
· 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)
· There is no consensus in RAN1 on using these other signals/channels for the purpose of the UE stopping the monitoring of the additional PDCCH monitoring occasions at a given paging occasion



Given that RAN1 already confirmed there are other reliable DL signaling, and particularly one of them is designed to indicate whether and how long the gNB can obtain the access to the channel, we think it is the time for RAN2 to make further progress on this issue and conclude it in Rel-16.
[bookmark: _Ref178064866]Discussion
Stop monitoring paging based on GC-PDCCH
It has been agreed that the network can configure a longer PO duration in NR-U by configuring 'S*X' consecutive PDCCH monitoring occasions, where 'S' is the number of actual transmitted SSBs and 'X' can be larger than 1. Extending the PO duration indeed can increase the chance for UE to receive the PDCCH given that gNB is not always able to obtain the channel, but it may also unnecessarily consume UE’s power when the channel is free.
In RAN2#106 meeting, it was agreed that “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”. We think this is more efficient in power saving compared to the basic stopping criterion (e.g., UE stops monitoring when UE detects the PDCCH addressed to P-RNTI) that has been implemented in LTE/NR. In order to compensate the increased power consumption caused by the extended PO duration, it is beneficial to confirm again the agreement made in RAN2#106, given that RAN1 already confirmed the DCI with CRC scrambled with other RNTIs has similar reliability as the DCI with CRC scrambled with P-RNTI.
Proposal 1: RAN2 confirm again the agreement made in RAN2#106: “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”.
In RAN1#98b meeting, significant progress was made regarding to the COT (Channel Occupation Time) duration indication in GC-PDCCH (DCI format 2_0) [4]. Now the network can indicate the total length or the remaining length of COT in GC-PDCCH, when gNB is able to obtain the channel. Previously the GC-PDCCH is scrambled by SFI-RNTI and can be transmitted once per slot duration (configurable). Given now GC-PDCCH can further indicate the COT duration, RAN1 is also discussing whether the GC-PDCCH can be transmitted in a more frequently manner (less than the slot-level granularity). According to the current progress, at least it is safe to say that UE usually can obtain one or more GC-PDCCHs carrying the COT duration information in one PO, if the COT duration field is configured in the DCI format 2_0 and if the gNB can obtain the channel within the PO.
Observation 1: UE usually can obtain one or more GC-PDCCHs carrying the COT duration information within a PO, if the COT duration field is configured in the DCI format 2_0 and if the gNB can obtain the channel within the PO.
Given that both the GC-PDCCH (carrying the COT duration information) and paging DCI can provide the same reliability and GC-PDCCH would be even transmitted more frequently, GC-PDCCH serves better for the purpose of making UE aware that gNB has or has not obtained the channel. Monitoring GC-PDCCH within the PO can save UE’s power at least for the case where the network does not intend to page the UE but is able to obtain the channel within the PO. 
Proposal 2: UE also monitors the GC-PDCCH carrying the COT duration information while monitoring paging in NR-U.
As the COT duration information indicated in GC-PDCCH can make UE aware at which time the current COT will end, UE can stop monitoring paging and go back to sleep at the end of the current COT even if it has not received the PDCCH with the CRC scrambled by P-RNTI. As there can be multiple COTs in a PO, there can be multiple options. One option would be the network is forced to transmit the paging DCI in the first COT that an UE can detect within a PO. This method can efficiently minimize UE’s active time at the cost of some scheduling flexibility on the network side.
Proposal 3a: At the end of the first COT that an UE can detect within a PO, the UE can stop monitoring paging even if it has not decoded a P-RNTI.
Alternatively, UE is at least to wake-up over the duration of PO for the reception of GC-PDCCH and P-RNTI. At the end of PO, if the COT duration is further extended for the reception of GC-PDCCH and P-RNTI, UE further wake-up at least until the end of the COT. This option has the most scheduling flexibility on the network side but increase UE's active time. In order to manage the trade-off between network flexibility and UE wake-up time, yet another option would be the network can configure a threshold value that can be used by the UE to compare with the accumulated duration of the COTs that the UE can detect so far within the PO. If the accumulated duration of the COTs is above the threshold and if the UE has not received the paging DCI, the UE can stop monitoring paging; otherwise the UE continues monitoring until the UE receives the paging DCI or until the accumulated duration of the COTs reaches the threshold. With this method, the network can configure the threshold value according to how flexible it wants to schedule the DL traffic, and hence it introduces less stress to the network side.
Proposal 3b: When the accumulated COT duration within a PO is above a threshold, UE can stop monitoring paging even if it has not decoded a P-RNTI.
Conclusion
In this paper, we discuss the impact of the latest RAN1 agreements/LS on the procedure in RAN2 on how to stop monitoring paging in NR-U, and have the following observation. 
Observation 1: UE usually can obtain one or more GC-PDCCHs carrying the COT duration information within a PO, if the COT duration field is configured in the DCI format 2_0 and if the gNB can obtain the channel within the PO.
Based on the observation, RAN2 is respectfully asked to discuss and agree on the following proposals. 
Proposal 1: RAN2 confirm again the agreement made in RAN2#106: “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”.
Proposal 2: UE also monitors the GC-PDCCH carrying the COT duration information while monitoring paging in NR-U.
Proposal 3a: At the end of the first COT that an UE can detect within a PO, the UE can stop monitoring paging even if it has not decoded a P-RNTI.
Proposal 3b: When the accumulated COT duration within a PO is above a threshold, UE can stop monitoring paging even if it has not decoded a P-RNTI.
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