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1. Introduction & Background

In the RAN2#102 meeting, RACH procedure for NR-U was discussed. And the following agrememnts have been reached.
Agreements

1:
Both CBRA and CFRA are supported. Changes for NR-U operation will be studied

2:
4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress

3: 
We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

In this paper, the potential enchncement on 4-step RACH procedure  is discussed.
2. Discussion
It is well known that a node needs to perform LBT before transmission on unlicensed spectrum. If the LBT is successful, the transmission can be followed. Otherwise, the node needs to perform LBT again after random back off. Obviously, the LBT procedure introduces additional latency to transmission.   

In eLAA, only CFRA procedure is supported on unlicensed carrier, the procedure is shown in Figure1. The MSG0 and MSG2 are transmitted via PCell on licensed spectrum and the MSG1 is transmitted via SCell on unlicensed spectrum. Therefore, LBT is performed only once and the additional latency to RACH duration caused by LBT is not big. 
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 Figure 1 RACH Procedure in eLAA                                   Figure 2 RACH Procedure in NR-U
Thing is different for standalone NR deployment on unlicensed spectrum, i.e. PCell works on unlicensed spectrum. The 4-step RACH procedure on unlicensed PCell is shown in Figure2.  LBT is performed before each message. Therefore, the additional latency to RACH duration caused by LBT in NR-U is 4 times as much as in eLAA. 
Observation: The additional latency to RACH duration caused by LBT in NR-U is 4 times as much as in eLAA. 

For operators with no licensed spectrum, standalone NR cell on unlicensed spectrum is supposed to carry various services, including time sensitive service. Hence, it is necessary to enhance the RACH procedure for unlicensed spectrum to shorten the duration of RACH. 
Proposal1: RACH needs to be enhanced for unlicensed spectrum to shorten the duration of the procedure.
· Parallel RACH Procedures
One direction for RACH enhancement is parallel RACH. With parallel RACH, UE can start one RACH procedure before an ongoing RACH procedure finished.  It is illustrated in the Figure3.

In the figure, LBT channel is defined as a range of spectrum (e.g. 100MHz) for LBT. The results of LBT in different channels are independent. UE initials two RACH procedures in two LBT channels simultaneously. The durations of the two RACH procedures are different, caused by the different LBT results and the scheduling of the network. The actual RACH duration UE experienced is the shorter one of the parallel RACH procedures, i.e. RACH duration1. And the UE can stop RACH procedures on F2 when the RACH procedure on F1 is finished. Without parallel RACH, UE may experience very long RACH duration (i.e. RACH duration2) if it tries to perform RACH on F2. Hence, parallel RACH is a good solution to avoid UE experience very long RACH duration. 
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Figure 3 parallel RACH
From the network perspective, the parallel RACH is totally transparent, i.e. the network can regard two parallel RACH procedures initialled by two UEs as two separated RACH procedures triggered by two UEs, which is already supported. However, the parallel RACH has some impact to UE, e.g. the UE needs to manage two C-RNTI, and may need to transmit MSG3 in different LBT channels with different time alignment values according to different MSG2.   
· Single RACH Procedure cross multiple LBT channels

The other direction is single RACH procedure cross multiple LBT channels. As is illustrated in the Figure4, the transmission node performs LBT on multiple LBT channels.  If LBT is successful on at least one of the LBT channels, the transmission node selects the successful LBT channel and transmits on the resource corresponding to the selected LBT channel. The more LBT channels are monitored, the lower RACH duration can be achieved.
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Figure 4 single RACH procedure cross multiple LBT channels
This solution avoids parallel RACH procedures in UE side. But it introduces impact to both UE and network side, e.g. the MSG2 needs to include more than one UL grant to enable UE to perform LBT on multiple LBT channels for MSG3 transmission.

Take the above into account, we propose：
Proposal2： Both the parallel RACH and single RACH procedure cross multiple LBT channels solutions need to be studied further.
3. Conclusion

In this contribution, the potential enchncement on 4-step RACH procedure in NR-U  is discussed. And we have the following observation and proposals:
Observation: The additional latency to RACH duration caused by LBT in NR-U is 4 times as much as in eLAA. 

Proposal1: RACH needs to be enhanced for unlicensed spectrum to shorten the duration of the procedure.

Proposal2： Both the parallel RACH and single RACH procedure cross multiple LBT channels solutions need to be studied further.
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