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1.	Introduction
At the last RAN1/2 meeting, the following agreements were made separately:
Agreements@ RAN2 #104:
RAN2 assumes that ra-ContentionResolutionTimer may need to be extended to overcome the LBT impact in NR-U. Detailed value should be studied during the WI.
ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.
For NR-U, the MAC entity does not support multiple RACH procedure in parallel as the current NR
For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.


Agreement@ RAN1 #94: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented

Agreement@ RAN1 #94bis: 
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

According to the agreements in the last meeting, RACH in NR-U can be enhanced by additional opportunities and the additional opportunities should apply to msg1 and msg3. In this contribution, we’d like to propose the details to enhance the transmission opportunities for msg1 and msg3.
[bookmark: _Toc476230925]2.	Discussion
To enhance the transmission opportunities for msg1, the simplest way seems to be multiple PRACH transmissions. Based on the agreement in RAN1#94, the number of allowed transmissions is pre-defined or indicated in RMSI. So, we propose that RAN2 support the multiple transmissions for msg1 within a single RA attempt.
Proposal 1. RAN2 allow for a UE to transmit multiple MSG1s.
Additionally, RAN1 recommends that the preamble transmission counter is not incremented if preamble transmissions are dropped due to LBT failure. It may be beneficial to know the LBT failure in MAC because the UE may retry the RAP retransmission as soon as possible. But it may not timely perform RLF or RA retries because the UE cannot reach to the maximum value of the preamble transmission counter in the worst case where LBT fails continuously. That is, if a UE increments the preamble transmission counter only when receiving the LBT success, the RACH procedure can be stuck in RA resource selection step. In order to avoid this problem, we propose to define the maximum number (N) of transmission opportunities for MSG1 per RA attempt. The N may mean the number of multiple PRACH transmissions agreed at the last RAN1 meeting. 
Observation 1. If a UE increments the preamble transmission counter only when receiving the LBT success, the RACH procedure can be stuck in RA resource selection step, especially in the worst case where LBT fails continuously.
Proposal 2. RAN2 define the maximum number (N) of transmission opportunities for MSG1 per RA attempt.
According to the agreement at RAN2 #104 meeting, ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure. It may mean that MAC knows the LBT results for MSG1. If the number of LBT failures for MSG1s per RA attempt has reached the maximum number (N), or the UE doesn’t receive all RARs for the transmitted preambles, then the UE can consider the RA procedure unsuccessfully completed. So, we proposed that the UE increment the preamble transmission counter in these two cases.
Proposal 3. PREAMBLE_TRANSMISSION_COUNTER should be increment: 
       - if the number of LBT failures for MSG1s per RA attempt has reached the maximum number (N); or 
       - if the UE doesn’t receive all RARs for transmitted multiple preambles (N).
In 4-step RACH procedure, the transmission opportunity for MSG3 is provided by a UL grant in a RAR, and the network transmits a RAR including only one UL grant for a successfully received preamble. In other words, the additional transmission opportunities for MSG3 depends on the number of UL grants received from the RAR message. The ways to provide the multiple UL grants by using the RAR message are two options as follows: 
· Option 1. By receiving multiple UL grants in a RAR 
· Option 2. By receiving multiple RARs
In option 1, since the UE receives a RAR with multiple UL grants, it is sufficient that the UE transmits one preamble only for the PRACH occasion in which LBT succeeds. An example for the option1 is shown in Figure 1. This means that MAC in option 1 may know the LBT result for each PRACH occasion, and it additionally requires the change of the current RAR format. Therefore, option1 not only may require additional modification, such as multiple UL grants in a RAR, but also has the limitation of flexibly providing additional opportunities for MSG3 due to the fixed RAR format.


Figure 1. Single RACH procedure with multiple UL grants in a RAR
On the other hand, a UE in option 2 should monitor the multiple RARs within a single RACH procedure. The simplest way to receive multiple RARs is that the UE transmits multiple preambles and monitors the RAR for each transmitted preamble. In other words, if a UE transmits multiple preambles based on Proposal 1, 2, the transmission opportunity of MSG3 can be improved through one or more RAR(s) received for the successfully transmitted preambles. For the flexibility of transmission opportunities and simple design, we propose that a UE monitor multiple RARs for the transmitted multiple MSG1s.


Figure 2. Single RACH procedure with multiple RARs
Observation 2. It seems simpler to receive multiple RARs than to receive multiple UL grants in a RAR to improve the transmission opportunities for MSG3 with the current format.
Proposal 4. UE monitor multiple RARs for the transmitted multiple MSG1s.
3.	Conclusion
In this contribution, we address several solutions to enhance the CBRA procedure in a single RA model, and our observations and proposals are as follows.
Proposal 1. RAN2 allow for a UE to transmit multiple MSG1s.
Observation 1. If a UE increments the preamble transmission counter only when receiving the LBT success, the RACH procedure can be stuck in RA resource selection step, especially in the worst case where LBT fails continuously.
Proposal 2. RAN2 define the maximum number (N) of transmission opportunities for MSG1 per RA attempt.
Proposal 3. PREAMBLE_TRANSMISSION_COUNTER should be increment: 
       - if the number of LBT failures for MSG1s per RA attempt has reached the maximum number (N); or 
       - if the UE doesn’t receive all RARs for transmitted multiple preambles (N).
Observation 2. It seems simpler to receive multiple RARs than to receive multiple UL grants in a RAR to improve the transmission opportunities for MSG3 with the current format.
Proposal 4. UE monitor multiple RARs for the transmitted multiple MSG1s.
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