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1   Introduction
In RAN1 #92bis [1], the following agreement is reached:
· Study the design changes needed to support the following channels /signals in NR-U

· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range
In the report of email discussion [101bis #49] NR unlicensed SI[2], the following question 7 is put forward:

Question 7: Do you agree that RACH, RLM, paging, and for NR-U SA, initial access, SI broadcasting will be part of the RAN2 scope?
According to the above agreement, the design changes for PRACH in NR-U need to be studied in RAN1, so RAN2 should also follow the agreement form RAN1 and study RACH procedure.

In addition, since the deployment scenarios, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band have been agreed for RAN1 evaluation, RAN2 should also support these scenarios. To support these scenarios, some functions mentioned in question 7 need to be as the part of the RAN2 scope, such as RACH and initial access for NR-U SA.

Therefore, 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

For NR-U SA scenario, initial access through unlicensed band needs to be supported. CBRA procedure is needed to be performed to support initial access. Meanwhile, CFRA procedure is useful for scenarios such as handover, where low latency is required. In addition, CFRA procedure can also be used to obtain timing advance alignment under CA and DC deployment. Therefore, both CBRA and CFRA procedure 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. However, when using 4-step RACH procedure, it may need to perform at least 4 times of LBT for the 4steps 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 band, 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 uplink BWPs and downlink BWPs are configured to UE by system information or RRC message. RACH configuration corresponding to each uplink BWP is also configured to UE.

The preambleTransMax configured by gNB is used to control the maximum times that an UE can transmit preamble in each RACH procedure. When the preamble transmission times in each RACH procedures reach preambleTransMax, UE will indicate random access problem to the upper layer. When one of RACH procedures is successfully completed, the other ongoing RACH procedures will be terminated.

Proposal 3: Multiple RACH procedures should be studied.

RAR window extend

In NR, ra-ResponseWindow maximum value is 10ms. However in unlicensed band, UE may not be able to receive Msg2 within the maximum 10ms window due to LBT. Therefore, in order to provide sufficient opportunity to transmit Msg2, ra-ResponseWindow may need to be extended. 

Proposal 4: ra-ResponseWindow may be extended due to LBT.

Power ramping suspension due to LBT failure
In NR, two counters for random access procedure are defined. One counter is PREAMBLE_TRANSMISSION_COUNTER, which will be incremented by 1 for the next preamble transmission 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” and SS block for preamble retransmission. 

In unlicensed band, messages during RACH procedure may be blocked due to LBT failure. When preamble transmission/retransmission is blocked by LBT, unnecessary power ramping of UE might occur if PREAMBLE_POWER_RAMPING_COUNTER is increased by 1 for the next preamble transmission. To avoid it, lower layer should give power ramping suspension indication to MAC so that MAC will not increase the PREAMBLE_POWER_RAMPING_COUNTER.For Msg2 if not received by UE, PREAMBLE_POWER_RAMPING_COUNTER shall be increased by 1 since UE cannot be notified whether or not LBT failures happen on base station side. 

Proposal 5: When transmission/retransmission is blocked due to LBT failures, power ramping counter suspension can be informed to MAC layer from lower layer.

RAR reception

When the preamble transmission is blocked due to LBT failure, 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 corresponding preamble transmission opportunity.

· Option 2: the MAC entity will not perform corresponding RAR reception if LBT failure is informed by lower layer for the corresponding 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 latency perspective, option 2 is better than option 1. 

Proposal 6: When preamble transmission is blocked due to LBT failure, UE may terminate the ongoing RAR reception and start the next preamble transmission.
Proposal 7:  LBT failure indication for the corresponding preamble transmission opportunity can be informed to MAC layer from lower layer.
Msg3 repetition

In the unlicensed band, LBT needs to be performed before transmitting Msg3. If LBT fails, Msg3 cannot be transmitted, and will wait for the next scheduled opportunity from gNB. In order to increase the transmission opportunities of Msg3, some enhancements may be done, e.g., slot aggregation. When using it, both repetitionK and repetition RV might be configured to UE by MAC RAR or RMSI and UL grant is configured accordingly by MAC RAR. When UE receives MAC RAR, Msg3 may be transmitted one or multiple times using the corresponding UL grant in case of LBT success.  
Proposal 8: In order to increase the transmission opportunities of Msg3, repetitionK and repetition RV need to be configured to UE and corresponding UL grant can be scheduled by MAC RAR.
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: ra-ResponseWindow needs to be extended due to LBT.

Proposal 5: When transmission/retransmission of preamble is blocked due to LBT failure, power ramping counter suspension can be informed to MAC layer from lower layer.

Proposal 6: When preamble transmission is blocked due to LBT failure, UE may terminate the ongoing RAR reception and start the next preamble transmission.
Proposal 7:  LBT failure indication for the corresponding preamble transmission opportunity can be informed to MAC layer from lower layer.
Proposal 8: In order to increase the transmission opportunity of Msg3, repetitionK and repetition RV need to be configured to UE and corresponding UL grant can be scheduled by MAC RAR.
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