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Introduction
The study item of NR-based access to unlicensed spectrum was approved in RAN #75 meeting. Besides NR based license assisted access, standalone (SA) operation of unlicensed spectrum is also in the scope of this study item. In this contribution, we take a high level survey of current NR features in licensed spectrum that may have impact on unlicensed operations, with a focus on channel access mechanism since it is crucial to the efficient utilization of the unlicensed spectrum.  
	Agreement: (RAN1 #93)
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.



Discussion
In this section, we discuss channel access procedures for several different channels and signals.  
Channel access procedure for RACH messages
	Agreement: (RAN1 #93)
The following modifications to initial access procedures are beneficial
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access



Unlink in NR licensed spectrum, channel access to unlicensed spectrum is regulated by listen-before-talk (LBT) clear channel assessment. Due to LBT, the overall access latency is expected to increase in a RACH procedure. In order to mitigate the impact of LBT for a procedure, one straightforward solution is to reduce the number of steps in the procedure which results in the proposal of 2-step RACH. But since the 4-step RACH seems to be the baseline for NR-U, enhancement on 4-step RACH for NR-U should be discussed. Based on regulation, a COT acquired by an initiating device can be shared with a responding device so that LBT requirement within a shared COT can be alleviated. Therefore, if two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT duration for the procedure is expected to be reduced compared with that when separate COTs are initiated for each step in the procedure. Hence, NR-U should strive to transmit two or more steps belonging to a same procedure in the same COT to reduce LBT overhead.   
[bookmark: _Ref528951204]Observation 1: If two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT overhead in the procedure can be reduced.
[bookmark: _Ref528951099][bookmark: _Ref528951133]Proposal 1: RAN1 should strive to transmit two or more steps belonging to a same procedure in the same channel occupancy time to reduce the overall LBT overhead in a RACH procedure.   
[bookmark: _Ref528951140]Proposal 2: NR-U should strive to minimize the overall LBT overhead in a RACH procedure (instead of the LBT duration for an individual RACH message).

In a 4-step contention-based random access, after UE transmits Msg1 on PRACH, the UE has to start monitoring Msg2 (random access response, RAR). And when a UE receives a RAR that includes the preamble index that UE has selected for Msg1 transmission, the UE has to transmit Msg3 with its ID on the UL grant that is carried by RAR. Finally, the base station responds with Msg4 for the UE to carry out contention resolution. Note the timeline of messages in the 4-step RACH has been discussed in NR. Since gNB has higher computational capability and often demands much shorter processing time, the timing gap between an uplink transmission and a downlink reception (mainly determined by UE processing time) is often longer than the timing gap between a downlink signal reception and an uplink transmission (mainly determined by gNB processing time). For example, the timing gap between Msg1 transmission and Msg2 reception can be as short as one OFDM symbol while the timing gap between Msg2 reception and Msg3 transmission is N1+N2+0.5msec which is about 2.5msec and 1.5msec for SCS=15kHz and SCS=30kHz, respectively. Therefore, it is reasonable that NR-U should support that gNB can transmit RAR in the UE-initiated COT that has been acquired by UE(s) for PRACH transmission(s) when PRACH is not done within a gNB-initiated COT. Similarly, it would be beneficial in terms of the overall RACH latency and LBT overhead reduction if transmission of Msg4 in the same COT as Msg3 is supported in NR-U.
[bookmark: _Ref528951211]Observation 2: In NR, the timing gap between Msg1 transmission and Msg2 reception is much shorter than that between Msg2 reception and Msg3 transmission because gNB has higher computational capability. It is hence beneficial to support Msg2 transmission in the same COT as Msg1. 
[bookmark: _Ref528951148]Proposal 3: If Msg1 is transmitted in a UE-initiated COT, i.e. outside of gNB-initiated COTs, NR-U supports COT sharing for gNB to transmit Msg2 in the same COT as Msg1.
[bookmark: _Ref528951155]Proposal 4: If Msg3 is transmitted in a UE-initiated COT, i.e. outside of gNB-initiated COTs, NR-U supports COT sharing for gNB to transmit Msg4 in the same COT as Msg3.

As illustrated in Figure 1, if PRACH is transmitted outside of gNB-initiated COTs, then we propose to apply Category 4 LBT so that the COT acquired by UE(s) can be shared with gNB for immediate random access response (RAR). Within the UE-initiated COT, gNB can apply Category2 LBT (one-shot LBT) or even no-LBT for the RAR transmission. 
[bookmark: _Ref528951219]Observation 3: UE can only share a COT with gNB when Cat.4 LBT has been applied to obtain that COT. 
[bookmark: _Ref528951164]Proposal 5: One-shot LBT or no-LBT can be applied for Msg1 and Msg3 in gNB-initiated COTs while Cat.4 LBT is the baseline for Msg1 and Msg3 transmission in UE-initiated COTs. 
[bookmark: _Ref528951172]Proposal 6: Cat.4 LBT is the baseline for Msg2 and Msg4 transmission in gNB-initiated COTs while one-shot LBT or no-LBT can be considered for Msg2 and Msg4 transmission in UE-initiated COTs that are shared with gNB. 



[bookmark: _Ref528943823]Figure 1: UE(s) applies Category 4 LBT for PRACH transmission outside of gNB-initiated COTs. Then the COT can be shared with gNB for transmitting random access response (RAR) to enhance the 4-step RACH in NR-U.

In NR, RACH procedures have been differentiated into two priority groups based on their purposes. Specifically, RACH triggered for beam failure recovery and handover can be treated with higher priority than other purposes such as initial access, uplink timing alignment, or RRC reconfiguration. If configured by gNB, a RACH procedure triggered for beam failure recovery and handover can be prioritized by larger power ramping steps and shorter back-off time. Along this line, we hence propose that RACH procedures triggered for purposes with higher priority shall be allowed to apply shorter LBT. To be specific, we think high priority channel access priority class (CAPC) should be assigned for RACH triggered for beam failure recovery and handover while lower priority CAPC can be applied for RACH triggered for other purposes. 
[bookmark: _Ref528951226]Observation 4: In NR, random access is classified into two major types: (1) High Priority (beam failure recovery, handover) and (2) Low Priority (initial access, timing alignment, RRC reconfiguration).
[bookmark: _Ref528951179]Proposal 7: Channel access priority class (CAPC) for RACH messages should be based on the purpose for RACH.
[bookmark: _GoBack]
Channel access procedure for PUCCH
Since both stand-alone and dual-connectivity are supported in NR-U, PUCCH needs to be supported on unlicensed bands. We hence need to decide what LBT category and channel access priority class (CAPC) that UE applies to PUCCH transmission. 
Similar to the discussion on channel access procedure for RACH, we think one-shot or no-LBT can be applied to PUCCH when it is transmitted within a gNB-initiated COT. On the other hand, if it is transmitted outside of gNB-initiated COTs, it is beneficial to support both one-shot LBT and Cat.4 LBT for PUCCH transmission. When Cat.4 is applied, UE can share this UE-initiated COT with gNB. For example, if UE transmits PUCCH for Scheduling Request, then gNB can transmit PDCCH within this UE-initiated COT immediately after it detects the transmitted PUCCH for SR as illustrated in Figure 2. When gNB transmits PDCCH and/or PDSCH within a UE-initiated COT, no-LBT or one-shot LBT can be applied to reduce the overall latency and LBT overhead for a Scheduling Request procedure.  
[bookmark: _Ref528951186]Proposal 8: Both Cat.4 and one-shot LBT can be considered for PUCCH transmission outside of gNB-initiated COTs.
[bookmark: _Ref528951193]Proposal 9: If Cat.4 LBT is applied to a UE-initiated COT for PUCCH transmission, the COT can be shared with gNB for downlink transmission. 



[bookmark: _Ref528950346]Figure 2: When Category 4 LBT is applied to PUCCH outside of gNB-initiated COTs, this UE-initiated COT can be shared with gNB to reduce LBT overhead and the overall latency for example for a SR procedure. 

Conclusion
In this contribution, we discuss channel access procedures for RACH messages and PUCCH. We have the following observations. 
Observation 1: If two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT overhead in the procedure can be reduced.
Observation 2: In NR, the timing gap between Msg1 transmission and Msg2 reception is much shorter than that between Msg2 reception and Msg3 transmission because gNB has higher computational capability. It is hence beneficial to support Msg2 transmission in the same COT as Msg1.
Observation 3: UE can only share a COT with gNB when Cat.4 LBT has been applied to obtain that COT.
Observation 4: In NR, random access is classified into two major types: (1) High Priority (beam failure recovery, handover) and (2) Low Priority (initial access, timing alignment, RRC reconfiguration).

Base on the above observations, we have the following proposals. 
Proposal 1: RAN1 should strive to transmit two or more steps belonging to a same procedure in the same channel occupancy time to reduce the overall LBT overhead in a RACH procedure.
Proposal 2: NR-U should strive to minimize the overall LBT overhead in a RACH procedure (instead of the LBT duration for an individual RACH message).
Proposal 3: If Msg1 is transmitted in a UE-initiated COT, i.e. outside of gNB-initiated COTs, NR-U supports COT sharing for gNB to transmit Msg2 in the same COT as Msg1.
Proposal 4: If Msg3 is transmitted in a UE-initiated COT, i.e. outside of gNB-initiated COTs, NR-U supports COT sharing for gNB to transmit Msg4 in the same COT as Msg3.
Proposal 5: One-shot LBT or no-LBT can be applied for Msg1 and Msg3 in gNB-initiated COTs while Cat.4 LBT is the baseline for Msg1 and Msg3 transmission in UE-initiated COTs.
Proposal 6: Cat.4 LBT is the baseline for Msg2 and Msg4 transmission in gNB-initiated COTs while one-shot LBT or no-LBT can be considered for Msg2 and Msg4 transmission in UE-initiated COTs that are shared with gNB.
Proposal 7: Channel access priority class (CAPC) for RACH messages should be based on the purpose for RACH.
Proposal 8: Both Cat.4 and one-shot LBT can be considered for PUCCH transmission outside of gNB-initiated COTs.
Proposal 9: If Cat.4 LBT is applied to a UE-initiated COT for PUCCH transmission, the COT can be shared with gNB for downlink transmission.
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