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Introduction
Section 7.2.2.1 of TR 38.889 [1] states the following: 
“For paging, 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. In any specified solution(s) based on additional paging opportunities, the UE power consumption should also be taken into account; to this end, it is beneficial that the paging occasions are transmitted in close time to or overlap with the reference signals.”
In this contribution, we discuss our views related to allowing more paging transmission opportunities per DRX cycle for a UE in NR-U and make some observations and proposals.
Discussion
For NR, the UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent [2].  
For NR-U, the gNB will likely be required to perform LBT before performing DL transmissions, which may prevent the gNB from transmitting the paging DCI during a PO.  This can result in the gNB having to wait a full DRX cycle before attempting to transmit the paging DCI again, which may not be acceptable in some scenarios; e.g. when paging a UE to establish a Mobile Terminated (MT) call for a low system access latency service, when sending a Public Warning System (PWS) indication.  Furthermore, NR has introduced the RRC_INACTIVE state, which is intended to allow a UE to transition very quickly and efficiently from a low power state to a fully connected state.  For NR-U, the benefits of this state will be reduced if the reliability of the paging procedure is degraded by LBT.    
[bookmark: _Hlk525905422]To improve the paging reliability for NR-U, RAN2 has agreed to allow more paging transmission opportunities per DRX cycle in time domain.  One way to accomplish this is to configure a UE to monitor multiple POs per DRX cycle.  The equations defined for NR to calculate the PF and index i_s can be used to determine the “first” PO to monitor.  The additional POs to monitor during the DRX cycle can then be determined based on simple rules; e.g. monitor the next m POs in the PF, or by adapting the equation for i_s such that it can be used to determine the index of the mth monitored PO.
Observation 1:  To improve the paging reliability for NR-U, RAN2 has agreed to allow more paging transmission opportunities per DRX cycle in time domain.
Proposal 1:  For NR-U, it should be possible to configure a UE to monitor multiple POs during a DRX cycle, where the monitored POs corresponds to a set of POs that are multiplexed in the time domain. 
[bookmark: _Hlk860309]A UE can be configured to monitor a set of consecutive POs that are multiplexed in the time domain, where the UEs are distributed to different sets of consecutive POs based on the UE_ID, as shown in Figure 1.  Configuration of contiguous POs is power efficient since the POs are close in time.  However, the channel access probabilities for the POs may be highly correlated.  



[bookmark: _Ref525027401]Figure 1 Time Division Multiplexing of Consecutive POs

It is also possible to configure a UE to monitor a set of non-consecutive POs that are multiplexed in the time domain, where the UEs are distributed to different sets of non-consecutive POs based on the UE_ID as shown in Figure 2.  Non-contiguous POs may be less correlated but may also be less power efficient since the POs are spaced further apart in time.  RAN2 should consider the pros and cons of both options when discussing the configuration of additional transmission opportunities for paging.
Observation 2:  The additional POs that are configured for a given UE may be contiguous or non-contiguous as shown in Figure1 and Figure 2.
Proposal 2:  For NR-U, RAN2 should consider the pros and cons of both contiguous and non-contiguous options when discussing the configuration of additional transmission opportunities for paging.



Figure 2 Time Division Multiplexing of Non-Consecutive POs
Conclusion
In this contribution, we discuss our views related to Paging for NR-U and make the following observations and proposals:
Observation 1:  To improve the paging reliability for NR-U, RAN2 has agreed to allow more paging transmission opportunities per DRX cycle in time domain.
Observation 2:  The additional POs that are configured for a given UE may be contiguous or non-contiguous as shown in Figure1 and Figure 2.
Proposal 1:  For NR-U, it should be possible to configure a UE to monitor multiple POs during a DRX cycle, where the monitored POs corresponds to a set of POs that are multiplexed in the time domain.  
Proposal 2:  For NR-U, RAN2 should consider the pros and cons of both contiguous and non-contiguous options when discussing the configuration of additional transmission opportunities for paging.
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