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At the RAN#82 Plenary, a new WID on NR-based access to unlicensed spectrum has been approved [1]. The following is the consideration on 4-step RACH procedure for NR-U:
-	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;
In this contribution, we would like to discuss some details on how to increase the transmission opportunities for Msg1 and provide the corresponding proposals. 
Discussion 
In NR, a UE has to perform four main steps to determine a PRACH occasion for Msg1 transmission. These steps are shown in the Figure 1 below. 
Firstly, select a UL carrier for performing RACH procedure. The UE selects the signalled UL carrier. Otherwise, it selects a UL carrier based on the RSRP of the downlink pathloss reference and the rsrp-ThresholdSSB-SUL, if SUL is configured for the serving cell.      
Secondly, choose a UL BWP for performing RACH procedure. If the active UL BWP is not configured with PRACH occasions, the UE will switch the active UL BWP to the initial UL BWP.
Thirdly, select a SSB/CSI-RS (For CFRA only). The UE should select a SSB/CSI-RS with measured RSRP above a configured threshold. If any SSBs/CSI-RSs with RSRP above the configured threshold is not available, the UE will select any SSB.
Fourthly, determine the next available PRACH occasion. Currently, the MAC entity of UE shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions corresponding to the selected SSB/CSI-RS above.  


Figure 1: Four main steps to determine a PRACH occasion for Msg1 transmission
If this model of determining a PRACH occasion is reused in NR-U, the UE may fail to transmit the Msg1 on the only selected RO due to UL LBT failure. To this end, it is necessary to increase the Msg1 transmission opportunities for RACH procedure in NR-U. Some potential enhancements to the selection of UL carrier, UL BWP, DL beam (i.e., SSB/CSI-RS), and PRACH occasion can be considered.
Observation 1: From RAN2 perspective, multiple Msg1 transmission opportunities could be provided via the selection of UL carrier, active UL BWP, DL beam, and PRACH occasion.
UL carrier selection 
According to new WID on NR-U [1], there exists a deployment scenario that a stand-alone NR cell working in unlicensed band (5GHz and 6GHz) could be configured with another UL in licensed band. In such case, we consider that the licensed UL carrier is configured as a SUL carrier in order to improve uplink coverage. 
Based on this fact, an obvious and efficient approach to increase Msg1 transmission opportunities is to allow the UE to select the SUL carrier for RACH procedure in NR-U. More specifically, when a stand-alone NR-U cell is configured with both SUL carrier and normal unlicensed UL carrier, and if the channel contention (e.g., channel occupancy, UL LBT failure ratio) measured by the UE on unlicensed UL carrier is high, the UE will initiate and complete the random access procedure on the SUL carrier since Msg1 transmission can be always guaranteed in licensed spectrum. 
Observation 2: It can be beneficial for the UE to transmit Msg1 on the licensed SUL carrier when the channel contention of the unlicensed normal UL carrier is high.
From the observation above, we think RAN2 should consider an enhanced rule to select the UL carrier based on both downlink pathloss and channel contention level. For example, if the RSRP of the downlink pathloss reference is smaller than a threshold and the channel contention of unlicensed carrier is higher than another threshold, the UE will select SUL carrier for random access procedure.    
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BWP selection 
Further, the UE has to check whether PRACH occasions are configured for the active UL BWP. If so, the UE will transmit the Msg1 on the active UL BWP. For BWP operation in NR-U, it is agreed that the initial active UL BWP is approximately 20MHz for 5GHz and the CCA is performed in integer multiples of 20 MHz. The relevant question is how to increase transmission opportunities for Msg1 by BWP operation.   
For RRC connected UE, it is possible that the UE is configured with more than one UL BWPs with PRACH occasions and all these UL BWPs span across different LBT sub-bands in frequency domain. In this scenario, an intuitive way is to introduce contention-sensitive BWP operation mechanism for RACH procedure. For instance, the UE may have the ability to measure the channel contention of different UL BWPs multiplexed in frequency domain in advance. Then it could switch the active UL BWP to a UL BWP with the lowest channel contention for RACH procedure. Generally, this kind of sub-band diversity helps the UE to access channel for Msg1 transmission with higher probability. An example of contention-sensitive BWP operation is depicted in the following Figure 2.


Figure 2: Contention-sensitive UL BWP operation for RACH procedure in NR-U
Observation 3: Switching the active UL BWP based on the channel contention helps to increase the probability to access channel for Msg1 transmission.
Although obvious benefits can be brought by the contention-sensitive BWP operation described above, the feasibility needs to be considered as well. On one hand, the UE might not be able to carry out the channel contention measurement on different UL BWPs without measurement gap, during which time the UE cannot monitor the PDCCH and receive the DL-SCH. On another hand, the network cannot notice that the active UL/DL BWP of the UE has been switched, which could lead to unnecessary transmission interruption. Hence, it is proposed to further study the feasibility of the contention-sensitive UL BWP operation for random access procedure. 
Observation 4: Measuring the channel contention of different UL BWPs and switching the active UL BWP based on the channel contention by UE itself might lead to unnecessary transmission interruption.
Proposal 2: RAN2 is kindly requested to first discuss whether the UL BWP switch based on channel contention for RACH procedure can be supported.
DL beam selection 
In NR, A SSB/CSI-RS is usually configured with one or more than one associated PRACH occasions. The MAC entity of UE selects a SSB/CSI-RS and determine a corresponding RO. And then the PHY layer of UE is instructed to transmit the Msg1 using the selected RO.    
Obviously, if multiple DL beams above the threshold could be selected and the associated PRACH occasions, occurring simultaneously, of different SSBs/CSI-RSs are FDMed across multiple LBT sub-bands, more Msg1 transmission opportunities can be provided to the UE. To implement this solution, the MAC entity of UE has to indicate multiple selected PRACH occasions, corresponding RA-RNTIs, Preamble indexes, PREAMBLE_RECEIVED_TARGET_POWER values to the PHY of UE to prepare for Msg1 transmission. Different from parallel Msg1 transmission, the PHY layer of UE will transmit the Msg1 only on one of the selected PRACH occasions based on the successful LBT, as depicted in the following Figure 3. 
This solution also can be applicable to random access procedure initiated by PDCCH order. On one hand, there are still several reserved bits in DCI format 1_0 used as a PDCCH order. More SSB and PRACH Mask indexes can be transmitted via the current PDCCH order format. On another hand, it is also agreed that new PRACH resources can be scheduled via PDCCH for RRC connected UE.  

 
Figure 3: Multiple DL beams selection to increase Msg1 transmission opportunities
Therefore, we propose that
Proposal 3: RAN2 is kindly request to discuss whether and how to support multiple DL beams selection to increase Msg1 transmission opportunities. 
PRACH occasion selection 
As analyzed above, if multiple DL beams could be selected and the associated PRACH occasions are different, more than one PRACH occasions will be instructed from MAC layer to PHY layer. From this perspective, it is necessary to support multiple PRACH occasions selection. 
Even though multiple DL beams selection is not adopted, it is still beneficial to support multiple PRACH occasions selection because one SSB/CSI-RS might be associated with multiple PRACH occasions FDMed across multiple LBT sub-bands at the same time. In such scenario, the MAC entity of UE instructs PHY layer with N selected PRACH occasions, which are not belong to the same LBT sub-band. Then it can be up to implementation to transmit the Msg1 on one of the selected PRACH occasions where CCA successes. 
Proposal 4: The MAC entity of UE is allowed to indicate multiple PRACH occasions to PHY.
Proposal 5: The PHY layer of UE only selects one of the selected PRACH occasions for Msg1 transmission after UL LBT succeeds.
Handling of UL LBT failure when transmitting Msg1
Due to the uncertain of LBT results, the UE might nonetheless fail to access channel for Msg1 transmission even with potential enhancements given above. According to the current specification and agreements, the UE has no choices to perform the random access resource selection procedure after initial UL LBT fails. The reason is that the RAR window will not be started when the Msg1 cannot be transmitted due to LBT failure, as agreed in [2]. 
To solve this dilemma, if the PHY of UE fails to access channel on any PRACH occasions indicated by MAC entity, a LBT failure indication needs to be indicated from PHY layer to MAC layer so that the MAC entity can perform the subsequent random access resource selection procedure. 
Proposal 6: A LBT failure indication should be indicated to MAC entity to perform the subsequent random access resource selection procedure, if the PHY of UE fails to access channel on any PRACH occasions. 
Conclusions
[bookmark: _Toc502437832]In this contribution, we provide our understanding on how to increase the Msg1 transmission opportunities for Msg1 with potential solutions. And we have the following observations and proposals:
Observation 1: From RAN2 perspective, multiple Msg1 transmission opportunities could be provided via the selection of UL carrier, active UL BWP, DL beam, and PRACH occasion.
Observation 2: It can be beneficial for the UE to transmit Msg1 on the SUL carrier when the channel contention of the unlicensed UL carrier is high.
Proposal 1: Enhance the UL carrier selection mechanism for RACH, i.e. UE is allowed to select licensed SUL carrier to send Msg1 if the load on unlicensed normal UL carrier is high.
Observation 3: Switching the active UL BWP based on the channel contention helps to increase the probability to access channel for Msg1 transmission.
Observation 4: Measuring the channel contention of different UL BWPs and switching the active UL BWP based on the channel contention by UE itself might lead to unnecessary transmission interruption.
Proposal 2: RAN2 is kindly requested to first discuss whether the UL BWP switch based on channel contention for RACH procedure can be supported.
Proposal 3: RAN2 is kindly request to discuss whether and how to support multiple DL beams selection to increase Msg1 transmission opportunities. 
Proposal 4: The MAC entity of UE is allowed to indicate multiple PRACH occasions to PHY.
Proposal 5: The PHY layer of UE only selects one of the PRACH occasions for Msg1 transmission after UL LBT succeeds.
Proposal 6: A LBT failure indication should be indicated to MAC entity to perform the subsequent random access resource selection procedure, if the PHY of UE fails to access channel on any PRACH occasions. 
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