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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2]In RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5 GHz and 6 GHz. In the NR-U research, both RAN1 and RAN2 believe it is necessary to enhance paging opportunities due to paging opportunities in unlicensed spectrum will be greatly affected by LBT results. Follow-up all enhancements of paging in the WI phase fall into the study of RAN2, and no further agreement in RAN1 was reached. So far, RAN2 has determined how to increase paging opportunities by extending PDCCH occasions for a paging occasion (PO). In order to save UE power consumption, RAN2 think that UE may stop monitoring the additional PDCCH monitoring occasions at a paging occasion 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 [2]. In this contribution, we introduce the progress of paging in RAN2 and share our views on RSs/channels for UE stopping monitoring paging at a PO.
 Discussion on monitoring on PDCCH monitoring occasions
2.1	Extended paging occasions
There are multiple paging occasions (POs) in a DRX. A UE monitors one PO per DRS cycle. Different UEs are distributed into different POs based on UE ID. In Rel-15 NR, a PO is a set of ‘S’ consecutive PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol), where ‘S’ is the number of actual transmitted SSBs. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. One paging frame (PF) is one radio frame and may contain one or multiple PO(s) or starting point of a PO. In multi-beam operation, TX beam sweeping can be performed in PO.
Figure 1 is an example illustration of a PO consists of ‘2’ PDCCH monitoring occasions for paging. It shows the paging search space configuration which includes Periodicity: 5 slots; Offset: 0; duration: 1 slots; monitoringSymbolsWithinSlot: 10001000000000; CORESET-time-duration: 2 OFDM symbols. 
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Figure 1: An example illustration of a PO in Rel-15
In order to relieve the impact of LBT in NR-U, RAN2 has agreed to allow more paging transmission opportunities per DRX cycle for a UE. The related agreements in RAN2 are as follows.
Agreements in RAN2 # 106 meeting
We extend paging monitoring by extending PDCCH occasions for a PO
Agreements in RAN2 # 107 meeting
PO consists of ‘S × X’ PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH monitoring occasions per SSB. 
Figure 2 is an example illustration of PO consists of ‘2 × 2’  PDCCH monitoring occasions for paging. It shows the paging search space configuration which includes Periodicity: 5 slots; Offset: 0; duration: 1 slots; monitoringSymbolsWithinSlot: 10001000100010; CORESET-time-duration: 2 OFDM symbols. Comparing Figure 2 and Figure 1, we can find that the number of PDCCH monitoring occasions in a PO increases by 2 (X) times.
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Figure 2: Extended PO consisting of ‘S*X’(2*2) PDCCH monitoring occasions
2.2	Stopping condition for monitoring additional PDCCH occasions for paging
In a PO, the same paging message is transmitted in all beams. Although there are multiple PDCCH occasions for the UE in a PO, the UE should stop monitoring in the following PDCCH occasions when UE has already decoded PDCCH addressed to P-RNTI at a PDCCH occasion as for power saving. RAN2 also think the UE should stop monitoring paging for the PO if it can detect that the gNB had access to the channel at the PDCCH monitoring occasion. Thus, they wonders whether there are other DL signals and channels that can be reliably detected for this purpose.
Agreements in RAN2
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
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. 
At present (till to RAN1 #98 in August), the initial signal/channel for DL burst detection discussed by RAN1 has not been concluded. The main solution is PDCCH together with DMRS [3]. Moreover, PDCCH refers to GC-PDCCH, which is used to transmit the information of slot format, COT (channel occupancy time), available LBT bandwidths, etc. But GC-PDCCH cannot be used by the UE in idle/inactive state to judge whether the gNB had access to the channel. For a UE in idle/inactive state, in addition to PDCCH scrambled by P-RNTI, the signals/channels that can be used for it to detect channel occupancy state may include: SS/PBCH block, PDCCH scrambled by SI-RNTI, PDSCH for RMSI/OSI. However, we do not believe that any one of these signals/channels can replace PDCCH scrambled P-RNTI for UE stopping monitoring paging at a PO, the reasons for that are as follows:
1)       This reduces the scheduling flexibility at the gNB
An example is shown in Figure 3. For instance, when the channel is loaded, if LBT succeeds, then it is important to first schedule the higher priority data. In Figure 3, the gNB sends the higher priority data in the first available DL occasion (i.e. PDCCH monitoring occasion No.2) after LBT succeeds and only transmits paging in the last of the additional monitoring occasions (No.3). If the UE is allowed to stop after detecting any DL signal, then the UE will stop after the extended occasion No.2 in the picture below and then the paging transmission has to wait until the next PO. The only way to prevent this additional latency for DL traffic is to schedule the paging messages in slot 2 (but this will need to be done at the expense of the higher priority data) and such restriction on the scheduler is not ideal.
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Figure 3: Paging transmission when higher priority data is scheduled
2)       This reduces the configuration flexibility of PO or other signals/channels
If using any one of other signals/channels instead of PDCCH scrambled with P-RNTI for UE stopping monitoring paging at a PDCCH occasion in a PO, it will limit the configuration flexibility of PO or other signals/channels. Take SS/PBCH block as an example, an SS/PBCH block can only be sent at specific SS/PBCH block candidate positions within the half-frame window. These positions do not necessarily overlap or adjacent to the PDCCH occasions for paging. If an SS/PBCH block is sent forcibly at the PDCCH monitoring occasion for above purpose, the initial access of UE will be problematic e.g. timing and QCL. The other way is configuring PO and corresponding PDCCH occasions in the SS/PBCH block window, but that will limit the flexibility of PO configuration.
3)       The reliability of the detection in DL may be poor for some of the channels/signals
[bookmark: _GoBack]One critical aspect here is that the UE should only stop monitoring if it can reliably detect in DL that there is a transmission from the serving gNB. So, this stopping condition cannot be left totally to UE implementation as it may result in false positives which may lead to the UE stopping monitoring when it should not. For this the performance of paging channel in DL is a reasonable baseline. We don’t think any other channel in DL need to be defined for this purpose. Firstly, if other channels/signals are used, we first need to ensure that false detection of these is of low probability. Secondly, if the UE needs to monitor for a large number of other channels/signals, this will also increase the power consumption (which goes against the goal of the stopping condition).
Given the above, we think monitoring for P-RNTI is reasonable and provides enough flexibility for the network and the UE to stop monitoring. We do not think that other channels/signals are needed for in addition for this purpose.
Proposal 1: There are no other DL signals/channels (other than transmission addressed to P-RNTI) that can be used for the purpose of the UE stopping the monitoring of the additional PDCCH monitoring occasions at a given paging occasion.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993] Conclusion 
In this contribution, we share our views on how to stop monitoring the additional PDCCH monitoring occasions at a paging occasion and have the following proposal:
Proposal 1: There are no other DL signals/channels (other than transmission addressed to P-RNTI) that can be used for the purpose of the UE stopping the monitoring of the additional PDCCH monitoring occasions at a given paging occasion.
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