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1 Introduction

Paging issues, specific to NR-U, are mentioned in Work Item Description (WID and 3GPP TR 38.889 [1]. The main conclusions were as follows:

	· 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 RAN2-105 meeting, the following has been mentioned in the Vice Chairman’s report on NR-U paging [2]:
 
	· A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted)
· FFS dynamic extension.
· FFS dynamic termination. 





In this contribution we discuss NR-U paging solutions from the aspects of LBT failure and UE’s energy consumption.


2 Discussion

Paging messages in NR-U might be impacted from LBT failure. There are two major ways to mitigate the impairments generated from LBT failure:
1) Reducing the DRX cycle length (T), so that the UE wake up more frequently to check the paging messages.

2) Providing additional paging opportunities in the same DRX cycle

As reducing the DRX cycle length can significantly increase UE’s power consumption, it is decided [1] that introducing more Paging Opportunities (PO) per DRX cycle will be beneficial. Now, two major options are introduced for configuring these additional POs:
a) Multiple Paging Occasions (POs) [3]
b) Paging Window or Paging Occasion Window (POW) [4]

We agree with the observation in [4] that PW is a special case of multiple POs, where multiple POs are configured in consecutive subframes. 



2.1 Impacts of LBT in Paging

The following agreements regarding LBT are made in RAN1 96 meeting [5]: 
	Agreement:
For initiation of a gNB transmission:
•	LBT other than Cat 4 is not used for DRS multiplexed with unicast data
•	LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
•	This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths



As Cat. 4 LBT is a likely candidate, the channel busy time after a LBT failure can be up to 10ms. Hence, if LBT fails, it seems more reasonable to assume that NR-U gNB needs many subframes to avoid the occupied channel and ensure transmission of paging message. Hence, the solution of POW may provide limited enhancement during LBT failure. The gNB might waste many POs in the paging window due to inaccessibility of the channel, arising from LBT failure. This will lead to the reduction of effective paging capacity.

Observation 1: Paging window based solutions are likely to waste consecutive POs, due to channel being occupied (subject to MCOT constraints).

2.2 UE’s Power Consumption Analysis
[bookmark: _GoBack]RAN1 has already provided UE power consumption model for FR1 in Section 8.1.1 of 3GPP TR 38.840 [6]. Based on this model, an analysis of UE’s power consumption for different NR-U paging proposals can be performed. Our analysis shows that a single additional PO in every paging frame results in slightly reduced average power consumption over paging window based approach. However, with increasing number of additional POs in a single PF, paging window based approach results in slightly lower power consumption. Overall the average power consumption between the two approaches is quite similar, as majority of the time in idle mode is spent in DRX sleep state.

Observation 2: Overall average power consumption is similar in both paging window based approach and additional PO based approach.
Based on the above discussions, we believe that additional POs need to be configured in such a manner that after LBT failure, the probability of channel being busy, during the additional POs, is minimized. One easy option is to configure the additional POs in the last possible subframe of the paging frame. This will ensure the gNB to get maximum time to recover from the LBT failure and access the channel. NR-U gNB can configure additional POs in SIB-2.  Depending on the original PO configuration, a single or multiple additional POs can be configured in every paging frame. Details of the additional PO configurations need to be studied and discussed. For example, NR-U gNB can configure these additional POs as backup PO in SIB-2. 

Proposal 1: Additional POs should be configured at enough distance, such that, after LBT failure, the probability of channel being busy is reduced. Details of the additional PO configurations need to be studied and discussed.
  
3 Conclusions
In this contribution, we discuss the major paging solutions in NR-U. Providing additional paging occasions seems a better alternative than paging window based approach when LBT fails. Both multiple paging occasions and paging window based approaches seem to achieve similar average power consumption, as most of the time in idle mode is spent in DRX sleep state.

Observation 1: Paging window based solutions are likely to waste consecutive POs, due to channel being occupied (subject to MCOT constraints).

Observation 2: Overall average power consumption is similar in both paging window based approach and additional PO based approach.

Proposal 1: Additional POs should be configured at enough distance, such that, after LBT failure, the probability of channel being busy is reduced. Details of the additional PO configurations need to be studied and discussed
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