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1 Introduction

In RAN#82, a new work item on NR-based Access to Unlicensed Spectrum was approved [1]. The corresponding technical report for the study item was also approved in [2].  Enhancements for NR-U studied in the SI phase were captured in TR 38.889. 

Modifications to the random access request procedure in unlicensed spectrum due to the effect of LBT is part of the NR-U work item objectives [1]:
- 
Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1) 
In RAN1#97 [4], it has been agreed that multiple msg3 transmission opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 and that RAN1 will continue discussions on the support of multiple msg3 tx opportunities. This contribution discusses aspects of the 4-step NR random access procedure in unlicensed spectrum.
2 Impact of LBT on RA Procedure
RAN1 agreed that LBT can be performed in units of 20 MHz, at least in spectrum shared with WiFi. When the NR-U carrier is composed of multiple LBT subbands, it can be beneficial to select a subband in the active bandwidth part prior to msg 1 transmission. The UE then selects a subband on which LBT was successful to perform a single msg 1 transmission, or a subband for which it has detected a low level of channel occupancy. This reduces the delay associated with transmitting msg 1, which can be significant if different subbands experience various channel occupancy conditions, especially given that a single UE in the cell transmitting RACH on a given subband can block other UEs from accessing the channel even if they would use different preambles. 
Proposal 1: 
UE considers multiple subbands in the active BWP for selection of a RACH resource for Msg1 transmission.
Proposal 2: 
Upon a successful LBT, the UE transmits a single preamble on the subband on which LBT was successful.

Similarly, multiple opportunities for Msg3 are beneficial to combat the LBT effect, as agreed in the study item phase. Additional opportunities may be in time or frequency domains. For, additional opportunities in the time domain, RAN1 is currently discussing the design aspects of multi-TTI scheduling. For additional opportunities in the frequency domain, the RAR can be enhanced to provide more than one grant, e.g. on different subbands. A single or multiple RARs in the time domain can be received to provide additional opportunities for Msg3. RAN1 sent a reply LS to RAN2 confirming that multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective.
Proposal 3: 
RAR reception is enhanced to support additional opportunities for Msg3 transmission.
In RAN1#97, to facilitate COT sharing between Msg2 and Msg3, it has been agreed the LBT category for Msg3 initial transmission is provided to the UE in RAR. It would also be beneficial to enhance RAR format to indicate the LBT category of Msg3. The gNB may either indicate Cat 1, Cat 2 with a 25 us contention window size, Cat 2 with a 16 us window size, or no COT sharing (i.e. Cat 4) for Msg3 transmission. Therefore, two bits are required to indicate one of those four options.
Proposal 4: 
2 additional bits are added to the MAC RAR format to indicate LBT category for Msg3 transmission.

An FFS from RAN2#105bis is whether a) ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + the UE immediately restarts from RACH resource selection if all MSG3 transmissions fail. Option (a) assumes that the gNB may send a different RAR for the same preamble during the contention resolution time. However, this results in having multiple RARs received for a single preamble transmitted, possibly for a different UE that selects the same preamble. Option (b) keeps the same RA procedure and aims to reduce the delay of waiting until the expiry of the contention resolution time before attempting another preamble transmission. Given the delay caused by a 4-step RA procedure in NR-U can be considerable, option (b) is preferred.
Proposal 5: 
The UE starts ra-ContentionResolutionTimer only after successful LBT outcome for msg3 transmission. The UE restarts from RACH resource selection (step 1) immediately after LBT fails for the last MSG3 transmission opportunity.

3 Conclusion
This contribution discussed enhancements to support the random access procedure in the NR unlicensed spectrum. The following observations and proposals are made:
Proposal 1: 
UE considers multiple subbands in the active BWP for selection of a RACH resource for Msg1 transmission.

Proposal 2: 
Upon a successful LBT, the UE transmits a single preamble on the subband on which LBT was successful.

Proposal 3: 
RAR reception is enhanced to support additional opportunities for Msg3 transmission.
Proposal 4: 
2 additional bits are added to the MAC RAR format to indicate LBT category for Msg3 transmission.

Proposal 5: 
The UE starts ra-ContentionResolutionTimer only after successful LBT outcome for msg3 transmission. The UE restarts from RACH resource selection (step 1) immediately after LBT fails for the last MSG3 transmission opportunity.
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