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1   Introduction
In this contribution, we will discuss the impacts on random access procedure for NR-U due to LBT requirement. Some approaches are proposed and may be further studied.
2   Discussion 
2.1 RACH procedure
In NR, two types of RA procedure are supported: contention-based random access (CBRA) and contention-free random access (CFRA) as shown in Figure1 and Figure2 respectively.
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Figure 1 CBRA procedure                                             Figure 2 CFRA procedure

In RAN1 #92[1], the following agreement is reached:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
Agreement:
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U

· An NR cell with DL in unlicensed band and UL in licensed band

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

According to the above agreement, additional functionalities need to be studied for the above scenarios. At first, initial access through unlicensed carrier needs to be supported for SA NR-U scenario. CBRA procedure is needed for initial access since dedicated RA preamble assignment is not available. CFRA is useful for scenarios such as handover, SR transmission, etc., where low latency is required. In addition, CFRA can also be used to obtain timing advance alignment under CA and DC deployment. Therefore, both CBRA and CFRA should be supported in NR-U. 
Proposal 1: Both CBRA and CFRA can be supported and studied in NR-U.

For CBRA procedure in NR, both 4-step RACH and 2-step RACH procedure have been discussed. 4-step RACH procedure was standardized in R15. While for 2-step RACH procedure, it was not yet standardized in R15 due to the time limitation and technical problems.

In NR-U, we think 4-step CBRA procedure is still useful for some scenarios such as critical timing alignment requirement for example. However, when using 4-step RACH procedure, it may need to perform 4 times LBT for the 4 steps accordingly. This may incur excessive delay due to the LBT failures during channel access. Furthermore, PRACH resources may be wasted due to LBT failures. Therefore it would be more efficient to perform RACH procedure and subsequent message exchanges with fewer steps as possible. 
One simplification would be to combine Msg3 with Msg1, and Msg2 with Msg4 in 4-step RACH procedure for some scenarios, which is the simplified 2-step CBRA procedure as shown in Figure 3. For example, RRC Connection Setup can be completed in two steps with the simplified 2-step CBRA procedure which needs only two LBTs. Such simplified 2-step CBRA procedure should be applicable especially for NR-U cells since the coverage of NR-U cells is generally much smaller and thus timing alignment requirement on uplink should not be critical. Of course, the feasibility can also depend on the PRACH design for NR-U by RAN1.
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Figure 3 2-step CBRA procedure
Based on above analysis, it is of great value to further study 2-step CBRA procedure in NR-U.

Proposal 2: 4-step CBRA procedure can be supported as baseline, and 2-step CBRA procedure can be further studied in NR-U.

2.2 Enhancements on RACH procedure

In unlicensed spectrum, for both CBRA and CFRA procedure, LBT needs to be performed before each step of transmitting a message. The channel access delay may be even worse due to LBT failures so that control plane latency requirement will not be met. Therefore, some enhancements are essential in order to reduce access delay, e.g. multiple RACH procedures.

Multiple RACH procedures
 The scheme of multiple RACH procedures can be applied in frequency or time domain or both. 
· Option 1, multiple RACH occasions   are configured in time domain. UE starts multiple RACH procedures at different time. Multiple independent RACH procedures may proceed in parallel. 
· Option2, multiple RACH occasions are configured in frequency domain. UE performs multiple RACH procedures on different carriers or BWPs. Multiple independent RACH procedures may proceed in parallel.
· Option 2-1, one or more uplink carriers and downlink carriers are configured to UE by system information or RRC message. RACH configuration corresponding to each uplink carrier is also configured to UE. 
· Option 2-2, one or more initial uplink BWPs and initial downlink BWPs are configured to UE by system information or RRC message. RACH configuration corresponding to each uplink BWP is also configured to UE.
 preambleTransMax configured by the BS is used to control the maximum number of times that an UE can transmit preamble in each RACH procedure. When one of RACH procedures is successfully completed, the other ongoing RACH procedures will be terminated.

Proposal 3: Multiple RACH procedures can be studied.

LBT failure indication

In NR, two counters for random access procedure are defined. One counter is PREAMBLE_TRANSMISSION_COUNTER, which will be incremented by 1 if RAR reception is not successful or contention resolution is not successful. The other counter is PREAMBLE_POWER_RAMPING_COUNTER, which will be incremented by 1 if UE does not change “beam” for PRACH retransmission. 

In unlicensed spectrum, the PRACH transmission may be blocked due to LBT failure. In this case, if PREAMBLE_POWER_RAMPING_COUNTER is increased by 1, unnecessary power ramping of UE will occur. To avoid this, lower layer should give power ramping suspension indication to MAC as did in beam change case, and MAC shall not increase the PREAMBLE_POWER_RAMPING_COUNTER.
Proposal 4: When PRACH transmission is blocked due to LBT failure, power ramping counter suspension can be informed to MAC layer.

Proposal 5: The PREAMBLE_POWER_RAMPING_COUNTER should not be increased if power ramping suspension is indicated by the lower layer.

RAR reception

When the PRACH transmission is blocked due to LBT failures, there are two possible options for RAR reception as below:

· Option 1: the MAC entity will always perform corresponding RAR reception regardless of LBT result for the previous preamble transmission opportunity.
· Option 2: the MAC entity will not perform corresponding RAR reception if LBT fails for the previous preamble transmission opportunity.

Option 1 is simple and no additional specification change is needed. The MAC entity has to finish the corresponding useless RAR reception, i.e. monitor the PDCCH within the RAR window. Until RAR window expires, RAR reception is considered as failure, and then UE may perform the next preamble transmission.

Some specification changes are needed for option 2 but the UE can start the next preamble transmission earlier than option 1 does. From performance perspective, option 2 is better than option 1. 

Proposal 6: When PRACH transmission is blocked due to LBT failure, whether or not perform the corresponding RAR reception needs to be considered.
3   Conclusion

In this contribution, we discussed random access procedure in NR-U, and have made the following proposals.

Proposal 1: Both CBRA and CFRA can be supported and studied in NR-U.

Proposal 2: 4-step CBRA procedure can be supported, and 2-step CBRA procedure can be further studied in NR-U.

Proposal 3: Multiple RACH procedures can be studied.
Proposal 4: When PRACH transmission is blocked due to LBT failure, power ramping counter suspension can be informed to MAC layer.

Proposal 5: The PREAMBLE_POWER_RAMPING_COUNTER should not be increased if power ramping suspension is indicated by the lower layer.

Proposal 6: When PRACH transmission is blocked due to LBT failure, whether or not perform the corresponding RAR reception needs to be considered.
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