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1	Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75.
In this contribution, we discuss paging operation especially under consideration of the constraints that are seen for unlicensed access. In [2], [3] and [4] multiple companies have already indicated that paging would be of interest for NR-U operation – especially for operation with NR-U SA.
2	Paging operation
As operation in the unlicensed spectrum will typically be subject to coexistence mechanisms as implemented for eLAA, the gNB will not have constant and guaranteed access to the physical channel. Hence, the paging operation for operation in NR-U SA mode might need to be reconsidered compared to the approach used for LTE, where each UE would have a fixed time instant to monitor for the paging RNTI. This fixed time instant is defined by the paging frame (PF), which defines the radio frame of a potential P-RNTI transmission and paging occasion (PO), which further defines the subframe within the paging frame which would carry the potential P-RNTI for a given UE. From eNB side (in LTE), it is possible to control the paging capacity and paging frequency through the paging cycle parameter “T” and the parameter “nB”. By adjusting the T and nB parameters it is possible to configure the amount of paging frames a UE will see as well as distribute the UEs over the paging frames. This is a feasible approach when the radio channel availability is guaranteed at all time, since the gNB will have the opportunity to provide the paging message at the exact PF and PO when needed.
In contrast, the coexistence mechanisms will cause uncertainty with regard to whether the gNB is actually having acquired the radio channel when the exact PF and PO occurs. Hence, there is a probability that the gNB will not be able to transmit the paging message at the time instants where the UE is expected to be listening for the P-RNTI.
The basic approach available to increase the probability of the gNB being able to transmit the paging message would be increase the number of instances the UE would be actively listening for the P-RNTI, which leads to our first proposal:
Proposal 1: Increase available opportunities for paging transmission for NR-U SA operation
Increasing the opportunities can be achieved in two ways; by increasing the frequency by which the paging frame occurs, or by having multiple possible transmission opportunities within a single paging frame.
Increasing the frequency by which the paging frame is transmitted would cause the UE to wake up more frequently, causing the UE to spend more time synchronizing to the network and receiving a single potential P-RNTI, while having a single paging frame with multiple transmission opportunities would cause the UE to wake up and synchronize to the network only once while being active for multiple instances or subframes within a single paging frame. From power efficiency point of view, we would propose that the UE operations of waking up, synchronizing to the network and decoding messages for P-RNTI are kept within the same cycle.
Proposal 2: Have multiple paging occasions within a single paging frame for NR-U SA operation
To ensure that the gNB has a possibility to control the paging capacity, the UE power consumption and the needed resilience towards LBT failures, it should be left to gNB configuration to determine the number of paging occasions within a single paging frame. Further, for simplicity, it is proposed to have the paging occasion starting at subframe 0 of a paging frame.
Proposal 3: Paging occasion for NR-U SA always starts at subframe 0 in a paging frame
Proposal 4: gNB should be able to control the number of paging occasions within a paging frame
With proposal 4 the gNB is having the possibility to configure for a lot of potential paging occasions within a single paging frame, which might be needed to have the needed resilience towards LBT failures and to provide the needed capacity for paging messages which will tend to be clustered at specific paging frames. By allowing a potential large number of paging occasions within a paging frame, the UE may end up in the situation where it monitors a relatively large set of paging occasions without any paging message. As a paging message towards a UE should be a relatively rare event compared to the available paging frames, the amount of time spent by the UE monitoring for the P-RNTI should be lowered if possible.
As a starting point, when a UE is monitoring a paging occasion for P-RNTI, there would be 3 potential outcomes:
· gNB sends a paging message (P-RNTI detected): The UE decodes the paging message and initiates normal access towards the cell
· gNB transmits data, but UE does not detect any P-RNTI, since the UE is not paged at this paging occasion: The UE remains inactive towards the network and continue to monitor for P-RNTI in configured paging occasions and paging frames
· the gNB does not get access to the channel (LBT failure): The UE remains inactive towards the network and continue to monitor for P-RNTI in configured paging occasions and paging frames
As can be seen, the two latter situations have the same outcome, but are reasoned in different sources. For the case where the gNB is actually transmitting data, and the UE is not detecting any P-RNTI, the UE could tentatively assume that there is no paging message, since the gNB is prioritizing transmission of other data. For such cases, it might be justified that the UE aborts listening for further paging occasions within the paging frame since there is no indication of P-RNTI towards this UE. However, the situation might arise where the gNB is having multiple paging messages to convey while having limited capacity to provide the P-RNTIs to the intended UEs. Hence, it might be that the paging message is delayed due to temporary overload of paging messages in the gNB.
For the latter case where the gNB does not gain access to the channel, the UE should obviously continue listening for the P-RNTI until the end of the configured number of paging occasions.
Proposal 5: the UE should be allowed to abort listening for P-RNTI after a configured number of paging occasions with detected gNB transmission without P-RNTI intended for this UE.
4	Summary
The proposals are as follows:
Proposal 1: Increase available opportunities for paging transmission for NR-U SA operation
Proposal 2: Have multiple paging occasions within a single paging frame for NR-U SA operation
Proposal 3: Paging occasion for NR-U SA always starts at subframe 0 in a paging frame
Proposal 4: gNB should be able to control the number of paging occasions within a paging frame
Proposal 5: the UE should be allowed to abort listening for P-RNTI after a configured number of paging occasions with detected gNB transmission without P-RNTI intended for this UE.
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