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Introduction
In [1], the different deployment scenarios based on NR unlicensed access are discussed and the high level impact of NR LAA, DC with unlicensed NR and standalone NR unlicensed are identified. 
In this contribution, we further identify the topics that RAN2 can study independent of other WGs.
Discussion
As in [1], the deployment scenarios can be classified as:
· NR LAA: Licensed NR PCell with unlicensed NR SCell
· DC: Licensed MCG (LTE or NR) with unlicensed NR SCG
· Standalone NR unlicensed
NR LAA
As identified in [1], the areas of impact are:
· Reference signal enhancement for RRM measurement:
For NR operating in unlicensed spectrum, reference signals are periodically transmitted to provide the UEs time/frequency synchronization and for RRM measurement. However, in some region, LBT requirement needs to be fulfilled. Therefore the reference signal design for NR LAA needs to take into consideration of LBT. From the RRM measurement perspective, there may be measurement occasion where the reference signal is not transmitted due to LBT, which may degrade the quality of RRM measurement if UE considers those measurement as well. This needs to be considered in the reference signal design for LAA. Reference signal design is in the scope of RAN1. Hence RAN2 should wait for RAN1 to progress.
Observation#1: Reference signal enhancement for RRM measurement may need to be studied. RAN1 may need to progress on this before RAN2 can decide whether there is any impact to RRM measurement.
· Hidden node mitigation
In LTE, RSSI measurement and channel occupancy measurement were used to assist the network from detecting any hidden node for channel selection. This may also be useful for NR unlicensed. However, whether this is needed, RAN2 needs to first get confirmation from RAN1 and RAN4 that such measurement is still useful from channel access/selection mechanism. In the multi-beam operation, hidden and exposed node issues may be more prevalent due to directional beam sensing. Some form of receiver based sensing feedback may be needed before transmission. Such channel sensing with receiver feedback is probably part of the channel access/selection mechanism and thus is in the scope of RAN1.
Observation#2: Hidden node detection in terms of channel measurement and channel access/selection needs to be studied. RAN1 needs to first discuss the type of hidden node detection that they would like to introduce for NR, before RAN2 can proceed.
· hardware sharing issue between NR unlicensed and WiFi
As NR LAA and WiFi may coexist on the same bands, UE will probably share the same antenna between NR LAA and WiFi. Similar mechanism as in Rel-14 needs to be introduced also for NR LAA to allow such sharing of the same antennas.  This should be applicable to not just NR-LAA, but also for the DC where SCG is operating as unlicensed NR.
Observation#3: RAN2 should study the mechanism needed to allow for hardware sharing of NR-unlicensed and WiFi.  
· Logical channel restriction on NR-LAA SCell
NR has already introduced such restriction via the parameter allowedServingCells which can configure whether a logical channel is allowed to use which serving cell(s) for transmission. There is thus no further work on this.
· Scheduling combinations
In order to reduce the number of LBT needed for UL scheduling in LTE UL LAA, UL can be configured to be scheduled cross-scheduled via a licensed serving cell while the DL is self-scheduled. This seems to be something that RAN2 can also introduced for NR LAA.
Observation#4: Allow configuring UL to be cross-scheduled via a licensed serving cell while DL is self-scheduled.
· Configured UL grant enhancement over unlicensed carrier
Configured UL grant can be useful to reduce the number of LBT for UL scheduling in NR LAA by removing the UL scheduling via PDCCH. However the current configured UL grant in NR is not efficient for retransmission over NR unlicensed.  The NR Type 1 and Type 2 configured UL grant require a slot to be associated with a HARQ process. More flexible retransmission timing for a HARQ process is needed to allow the UE to retransmit when the channel is available. For example, a HARQ process is allowed to retransmit immediately in subsequent configured UL grant opportunity (if available) if LBT fails. 
Due to no PDCCH in configured UL grant, the UE needs to select the LBT priority class needed for channel access
Observation#5: Enhancement to the configured UL grant over unlicensed carrier can be studied by RAN2.  
Based on the Observation#3 and#5, it is proposed that RAN 2 studies the following for NR LAA:
Proposal#1: For NR LAA, RAN2 can start working on the following topics:
· Study the mechanism needed to allow for hardware sharing of NR-unlicensed and WiFi
· Study the enhancement needed for Configured UL grant over unlicensed carrier
Based on Observation#4, it is proposed that:
Proposal#2: Allow the scheduling combinations where UL is cross-scheduled via a licensed serving cell while DL is self-scheduled.
DC: Licensed MCG (LTE or NR) with unlicensed NR SCG
As identified in [1], the following features are needed for supporting unlicensed NR SCG:
· Random access over serving cell
In DC with SCG NR (e.g. EN-DC), random access procedure is needed for UL synchronisation, scheduling request and also for synchronous reconfiguration. The contention based random access procedure is a 4-step procedure where the preamble is sent as Msg1, RAR is received as Msg2, RRC message or only MAC signalling is sent over Msg3 and contention resolution in Msg4 with/without RRC message. Due to the need to perform LBT, the transmit opportunity may be limited. For example, the UE starts a RAR window timer after sending the Msg1. It is expected that the RAR Msg2 is received before the RAR window timer expires. If the RAR Msg2 is not received during the RAR window, the UE reattempts the Msg1 with increase power. RAR window size needs to take into consideration LBT, in order to prevent unnecessary reattempts and UL interference. One thing that can be decided here is that both contention-free and contention-based random access should be supported over unlicensed serving cell as both UE initiated RACH (e.g. SR, Time alignment) and network controlled RACH (e.g. synchronised reconfiguration).
Observation#6: RAN2 can study the need to improve the random access procedure to overcome LBT. Both contention-free and contention-based random access should be supported over unlicensed serving cell.
· RLM
In NR, UE derives the quality of the radio link via measuring the reference signal such as SSB or CSI-RS. Due to LBT, this reference signal may not be transmitted at the designated position and if the UE assumes the presence of the reference signal may result in inaccurate evaluation. RAN1/4 may need to decide how to handle the evaluation. From RAN2 perspective, RAN2 can wait for the progress in RAN1 or 4 whether there is any change needed on the RLM procedure.
Observation#7: RLM evaluation may need to be studied by RAN1 and RAN4. RAN2 can wait for RAN1 and RAN4 to see whether there is any change needed on RLM procedure.
· UCI transmission over unlicensed SCG
With DC, UCI for unlicensed serving cell cannot be transmitted on licensed PCell/SCell due to the possible non-ideal backhaul. Hence UCI needs to be sent over unlicensed SCG. RAN1 will have to study this so that UCI can be sent on unlicensed UL. Again, RAN2 needs to wait to see whether there is any RAN2 impact (e.g. the SR procedure).
Observation#8: RAN2 can wait for RAN1 to see whether UCI transmission over unlicensed will impact RAN2.
Based on the above observations, it is proposed that:
Proposal#3: Both contention-free and contention based random access procedure should be supported over unlicensed serving cell.
Proposal#4: RAN2 can study the need to improve the random access procedure to overcome LBT (e.g. improve the transmission opportunity for RAR etc.)
Standalone unlicensed NR
As on standalone unlicensed NR, the followings are the impact:
· Idle/Inactive mode functionality
This includes paging, cell reselection and SI acquisition.  All these functions are currently still being discussed for licensed standalone. RAN2 should wait for equivalent of the licensed standalone part to be stable before studying any enhancement is needed for unlicensed.
Observation#9: Idle/Inactive mode functionality is still being discussed for standalone licensed. RAN2 should study them once the functionality is stable for standalone licensed.  
· Enhanced connected mode mobility
Due to LBT delay, handover command may arrive at the UE late or measurement report may arrive at the gNB late resulting in HO failure. One simple method of making connected mode mobility more robust is to reintroduce the LTE ‘T312’ method (which is stated when HO event (e.g. Event A3) is triggered). With this, the UE may perform RRC Connection re-establishment/resume once the T312 expires (regardless of whether the UE sends the measurement report or receives the handover command).  Such HO enhancement can also benefit the connected mobility of the licensed NR.
Observation#10: Improve mobility robustness may help UE mobility for standalone unlicensed NR.
Based on the above observations
Proposal#5: RAN2 should wait for further progress on the standalone NR licensed, particularly on topics relate to idle mode mobility. As on improving connected mobility for UE in standalone unlicensed, such improvement is applicable to standalone licensed NR, hence it does not need to be unlicensed specific.
[bookmark: _GoBack]Conclusion and proposals
It is requested that RAN 2 agreed to the proposal below:
Observation#1: Reference signal enhancement for RRM measurement may need to be studied. RAN1 may need to progress on this before RAN2 can decide whether there is any impact to RRM measurement.
Observation#2: Hidden node detection in terms of channel measurement and channel access/selection needs to be studied. RAN1 needs to first discuss the type of hidden node detection that they would like to introduce for NR, before RAN2 can proceed.
Observation#3: RAN2 should study the mechanism needed to allow for hardware sharing of NR-unlicensed and WiFi.  
Observation#4: Allow configuring UL to be cross-scheduled via a licensed serving cell while DL is self-scheduled.
Observation#5: Enhancement to the configured UL grant over unlicensed carrier can be studied by RAN2.  
Proposal#1: For NR LAA, RAN2 can start working on the following topics:
· Study the mechanism needed to allow for hardware sharing of NR-unlicensed and WiFi
· Study the enhancement needed for Configured UL grant over unlicensed carrier
Proposal#2: Allow the scheduling combinations where UL is cross-scheduled via a licensed serving cell while DL is self-scheduled.
Observation#6: Study the need to improve the random access procedure to overcome LBT
Observation#7: RLM evaluation may need to be studied by RAN1 and RAN4. RAN2 can wait for RAN1 and RAN4 to see whether there is any change needed on RLM procedure.
Observation#8: RAN2 can wait for RAN1 to see whether UCI transmission over unlicensed will impact RAN2.
Proposal#3: Both contention-free and contention based random access procedure should be supported over unlicensed serving cell.
Proposal#4: RAN2 can study the need to improve the random access procedure to overcome LBT
Observation#9: Idle/Inactive mode functionality is still being discussed for standalone licensed. RAN2 should study them once the functionality is stable for standalone licensed.  
Observation#10: Improve mobility robustness may help UE mobility for standalone unlicensed NR.
Proposal#5: RAN2 should wait for further progress on the standalone NR licensed, particularly on topics relate to idle mode mobility. As on improving connected mobility for UE in standalone unlicensed, such improvement is applicable to standalone licensed NR, hence it does not need to be unlicensed specific.
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