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Introduction
In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-75, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One objective is to:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
Then at RAN1 #93 in Busan the following agreement was made:
Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied
At RAN2 #103 in Gothenburg the following agreement was made:
Agree to allow more paging transmission opportunities per DRX cycle for a UE in NR-U, e.g. both TDM and FDM can be considered. 

In this contribution, we discuss paging in NR-U in idle/inactive mode. 
[bookmark: _Ref178064866]Discussion
One of the distinguishing characteristics of NR compared to LTE is the frequency range of NR deployments. In comparison to the current frequency bands allocated to LTE, some of the new bands will have much more challenging propagation properties such as lower diffraction and higher outdoor/indoor penetration losses. 
Fortunately, the operation in higher frequencies makes it possible to use smaller antenna elements as well as antennas with larger maximum electrical distance between antenna elements compared to antennas with the same physical size at lower frequencies. This facilitates beamforming, where the larger maximum electrical distance between antenna elements in combination with multiple antenna elements are used to form narrower beams with higher antenna gain than at lower frequencies and thereby compensate for the challenging propagation properties at higher frequencies. Therefore, it is widely accepted that NR will massively rely on beamforming to provide coverage. 
[bookmark: _Hlk505691591]When operating in an unlicensed spectrum, there will be also further aspects to take into account in addition to those created by massive use of beamforming. For example, the possible presence of DRS signals used to measure the cell quality as in LTE LAA. And most important the fact that, in unlicensed operations, transmissions are subject to LBT which may hinder efficient implementation of mobility in NR-U. In fact, the lack of reference signal may compromise RRM estimation and certain critical information such as RRC configuration signalling (i.e. handover command, handover complete) and SIB signalling may be delayed/dropped.
[bookmark: _Toc509837427][bookmark: _Toc509839223][bookmark: _Toc509839235][bookmark: _Toc509850354][bookmark: _Toc509855075][bookmark: _Toc509924460][bookmark: _Toc509924508][bookmark: _Toc510514215][bookmark: _Toc510607463][bookmark: _Toc510734722][bookmark: _Toc510734746][bookmark: _Toc510734770][bookmark: _Toc513730340][bookmark: _Toc513730343][bookmark: _Toc513730361][bookmark: _Toc513730364][bookmark: _Toc513730633][bookmark: _Toc513730636][bookmark: _Toc513737991][bookmark: _Toc513737994][bookmark: _Toc513738001][bookmark: _Toc513738034][bookmark: _Toc513738064][bookmark: _Toc521596425]Signals are subject to LBT that may hinder efficient implementation of mobility in NR-U.
[bookmark: _Toc509834898][bookmark: _Toc509834924][bookmark: _Toc509837119][bookmark: _Toc509851303][bookmark: _Toc509851314][bookmark: _Toc509851322][bookmark: _Toc510613634][bookmark: _Toc510613660]All these aspects will have some effects on idle/inactive mode mobility mechanisms in NR-U. In particular, we will discuss paging in NR-U. 
Paging
[bookmark: _Hlk503258975]Unlike LTE LAA operations, paging may be triggered in unlicensed cells. As such, similar to SIB, also paging acquisition may be affected, thereby implying larger delays to initiate a connection setup or to deliver changes of system information.
[bookmark: _Toc509855077][bookmark: _Toc509924462][bookmark: _Toc509924510][bookmark: _Toc510514217][bookmark: _Toc510607465][bookmark: _Toc513730342][bookmark: _Toc513730345][bookmark: _Toc513730363][bookmark: _Toc513730366][bookmark: _Toc513730635][bookmark: _Toc513730638][bookmark: _Toc513737993][bookmark: _Toc513737996][bookmark: _Toc513738003][bookmark: _Toc513738036][bookmark: _Toc513738066][bookmark: _Toc521596426]Paging acquisition may be affected in NR-U cells due to LBT issue occasions, which in turn may increase the latency to initiate a connection setup or to flag changes of system information.
The issues of SI acquisition have been addressed in the companion paper [2]. 
To minimize such issues, enhancements to paging signalling should be considered. This was also addressed in the above cited agreement from the RAN2 #103 meeting. An example in line with that agreement could be to, similar to DRS signalling, make it possible to configure multiple consecutive occasions for paging signalling/monitoring, so that if the gNB fails to deliver one paging message on a certain TTI, it can reattempt channel acquisition in the following TTIs. 
[bookmark: _Toc509855080][bookmark: _Toc509924465][bookmark: _Toc509924513][bookmark: _Toc510514220][bookmark: _Toc510607468][bookmark: _Toc513738039][bookmark: _Toc513738069][bookmark: _Toc521596427]To facilitate paging acquisition, paging transmissions may be repeated in consecutive TTIs.
Thus, if more paging transmissions are used, a UE must spend more time in non-sleep mode to monitor paging which will consume more energy. Another method, that maybe used if a paging occasion can not be used due to failed LBT, is to transmit the paging message in the next paging occasion for that UE which implies an unwanted extra delay. This is the trade off we have to make for paging. 
Conclusion
In section 2 we made the following observations:
Observation 1	Signals are subject to LBT that may hinder efficient implementation of mobility in NR-U.
Observation 2	Paging acquisition may be affected in NR-U cells due to LBT issue occasions, which in turn may increase the latency to initiate a connection setup or to flag changes of system information.
Based on the discussion in section 2 we propose the following: 
[bookmark: _GoBack]Proposal 1	To facilitate paging acquisition, paging transmissions may be repeated in consecutive TTIs.
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