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[bookmark: _GoBack]1	Introduction
For NR-U, RAN2 has agreed to extend the PDCCH monitoring occasions for paging per the following agreements: 
Agreements: 
· 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. 
· Parameter 'X' is signaled in paging configuration (i.e. pcch-Config).   
In the LS to RAN1 in R2-1911861, RAN2 also noted that:
RAN2 also 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.
In this document we consider additional detection methods in more detail.
2	Discussion
2.1	UE power consumption optimizations
Increasing the PDCCH monitoring occasions per DRX cycle, would lead to more UE power consumption (i.e. this agreement in RAN2):
· 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. 
· Parameter 'X' is signaled in paging configuration (i.e. pcch-Config).   
Observation 1: Additional POs per DRX will increase UE power consumption.
To address the power consumption issue in NR-U, in RAN2#106 the following was agreed:
[bookmark: _Hlk16496834][bookmark: _Hlk16496820]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. 
Additionally, in RAN2#107 we agreed the following text in LS to RAN1:
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. 
So, to summarize current agreements, the UE is allowed to stop monitoring the PO(s) of the DRX cycle if
1. the UE detects P-RNTI; Regardless if paging message is addressed UE or not; OR
2. the UE detects that the gNB has gained access to the channel (i.e. the gNB is transmitting on PDCCH) - even if the UE does not detect DCI scrambled with P-RNTI
The second option is still under discussion as the additional detection methods for detecting if the gNB has gained access to the channel have neither been agreed nor defined. 
These agreements assume that the gNB attempts to gain access to the channel and send the paging message at each PO during the paging DRX, at least when the gNB eventually gains access to the channel. If the gNB gains access to the channel but does not transmit any paging message (i.e. no P-RNTI is detected), the UE assumes the gNB has no page to transmit and can therefore stop monitoring for paging messages in other POs within the DRX cycle, thus reducing power consumption. 
These agreements also assume that if the UE decodes a P-RNTI, but no paging message is addressed to the UE, the UE would stop monitoring additional POs. On the other hand, the page to some UEs could be delayed due to temporary paging overload at the gNB although the gNB grabs the channel for paging transmissions. The overload can easily become a problem if the paging messages need to be transmitted simultaneously with DRS. This can easily be the case in NR-U due to the paging occasions of different UEs colliding with the transmission of the DRS, and the limited paging capacity in the DRS subframe (as most physical resources are used to transmit other signals and/or information).  
If the UE is allowed to stop monitoring for paging messages once it detects the transmission of a paging message not addressed to it, this would result in the UE missing the detection of the paging message intended to it at further POs. In order to avoid this from happening, the UE should keep monitoring the paging at further POs if the paging overload happens. As only the NW is aware of the potential paging overload issue, we think the mechanism to extend the PDCCH monitoring occasion of UEs in case P-RNTI is detected, but no paging message is addressed to the UE, should be under NW control. This control mechanism could be e.g.:  
· Option 1: The NW configures whether stopping is allowed after detection of P-RNTI with no paging message addressed to the UE in the PO. The problem with this is that if the network does not allow this behaviour, the UE would need to listen for every PO of the DRX cycle
· Option 2: The NW configures the maximum number of additional POs that a UE should monitor within each DRX cycle after it has detected P-RNTI but no paging message addressed to the UE. This would allow e.g. after 2 POs received with detected P-RNTI and no paging message to skip rest of POs of the DRX.
· Option 3: an indication in the paging message, based on detection of the indicator UE can stop monitoring P-RNTI until next DRX cycle.
Option 1 is simple, but it has some impacts on UE power consumption. 
With Option 2 the UE needs to continue monitoring the paging occasions in the DRX cycle if paging was received without addressing the UE. This may unnecessarily increase the power consumption if there is no paging to the UE during the successive POs in the DRX cycle. But this could be limited to e.g. 2 consecutive paging occasions. It would seem unlikely that overload would last for multiple slots (mostly overload is due to needing to send DRS at same occasion as paging).
Option 3 is flexible and enables NW to control when a UE can stop monitoring, i.e. if NW knows that there won’t be paging in this period it can indicate that the UE can stop monitoring paging in this DRX cycle. A drawback of this method is that the UE would monitor all additional paging occasions if there is neither need to send paging message nor any DL transmission at all. However, this is a general problem of having multiple POs per DRX cycle, i.e. this problem always exists when NW does not need to transmit anything in DL in correspondence of a PO. Actually, with Option 3 the NW could decide to access the channel to send a paging with stop indication to prevent UEs fpor monitoring successive POs, though this will cost extra signalling overhead. 
[bookmark: _Hlk16513551]Proposal 1: Add an indication in the paging message, based on detection of the indicator UE can stop monitoring P-RNTI until next DRX cycle.
3	Conclusions
In this paper we analysed NR-U specific paging aspects and came to following conclusions:
Proposal 1: Add an indication in the paging message, based on detection of the indicator UE can stop monitoring P-RNTI until next DRX cycle.
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