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1   Introduction
In RAN2 #105-bis, the following agreements were reached regarding 4-step RACH for NR-U.

	· From MAC perspective, multiple msg1 transmissions are not supported (does not preclude beam sweeping enhancement if decided for NR)
· We ask R1 regarding the support of multiple MSG3 transmission opportunities


Although multiple parallel msg1 transmissions are not supported, it is still beneficial if multiple msg1 transmission opportunities are provided to the UE so that the LBT success probability increases. In this contribution, we mainly discuss how to increase additional opportunities in frequency domain for Msg1, and provide our proposals.

2   Discussion 
In NR, the MAC entity selects an SSB with SS-RSRP above rsrp-ThresholdSSB. If there is no SSB with SS-RSRP above rsrp-ThresholdSSB, it will select any SSB. Subsequently, the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions corresponding to the selected SSB. If the same procedure is used for unlicensed spectrum, only one PRACH occasion is indicated to the physical layer. If LBT fails, another PRACH occasion will be selected, and this will increase the random access delay. Therefore, we may consider frequency domain enhancement, such as multiple sub-band transmission opportunities.
Proposal 1: Multiple sub-band transmission opportunities in the frequency domain may be considered for Msg1 enhancement.
For multiple sub-band transmission opportunities, the network needs to configure RACH resource in multiple sub-bands to UE. At least msg1-FrequencyStart in the different sub-bands should be configured to UE. Once RACH procedure is triggered, UE may select an available PRACH occasion in the sub-bands with RACH resource. 
Proposal 2: In order to support multiple sub-band transmission opportunities, multiple FDMed RACH resources in the sub-bands should be configured to UE, such as msg1-FrequencyStart in the different sub-bands.
RACH resource selection

In NR, there is an association relationship between SSB and RACH occasion. Once one SSB is selected, RACH occasion may be selected based on the selected SSB. Then for NR-U, similar association relationship may also used considering multiple beams are supported as in NR. According to the different association relationship, the following two options are listed.
Option 1: one SSB is associated with multiple sub-band RACH occasions
Option 2: multiple SSBs are associated with multiple sub-band RACH occasions

For option 2, in order to select multiple sub-band RACH occasions, multiple SSBs should be selected. It means that multiple PRACH transmission power should be counted for the different SSB, i.e. it involves multiple beam power control, which is very complex. While for option 1, since one SSB is associated with multiple sub-band RACH occasions, one PRACH transmission power is counted. It is simpler compared to option 2. Hence, we prefer option 1. For option 1, once one SSB is selected, multiple RACH occasions in the different sub-bands may be selected. 
Proposal 3: one SSB may be associated with ROs in multiple sub-bands.
One RACH attempt

When multiple RACH occasions in the different sub-bands are selected, we will discuss whether all RACH occasions in the different sub-bands may be treated as one RACH attempt. In the first, if all sub-bands use the same time domain resource configuration, for example, one prach-ConfigurationIndex is configured for all sub-bands, the time domain instance of all sub-band RACH occasions are the same as in figure 1. For this case, they can be considered as one RACH attempt. However, if time domain resource is individually configured for all sub-bands, the time domain instance may be different as in figure 2. In the case that the time difference between the starting instance of the first RACH occasion and the starting instance of the last RACH occasion are very large, one RACH attempt will increase the RACH access delay. 
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Figure 1: Time domain resource is identically configured for each sub-band
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Figure 2: Time domain resource is individually configured for each sub-band


In order to solve the issue, some restrictions need to be considered. For example, RACH occasion overlapping or part overlapping in the time domain may be used in one RACH attempt.
Proposal 4: For one RACH attempt, the MAC should select one or more ROs and indicate these to the physical layer. The selected ROs in different sub-band should have the same starting point or should be overlapping in time domain. 
RACH attempt in multiple sub-bands

When the physical layer receives multiple sub-band attempts, it will perform multiple LBTs in the different sub-bands. Since multiple Msg1 transmissions are not supported, only one transmission for Msg1 is performed, i.e. it is a single message transmission for Msg1. In the following, given that one or more LBT attempts may succeed, three cases can occur:

Case 1: only one LBT on multiple sub-bands succeeds: 

· This case is simple, the UE performs RACH transmission on the sub-band where the LBT succeeds.

Case 2: multiple LBTs on multiple sub-bands succeed simultaneously.

· Since there are multiple sub-bands where LBT succeeds, UE has to select one of these sub-bands to perform the RACH. Two options may be considered for this case:

· Option 1: UE may select one sub-band based on implementation.

· Option 2: UE may select one sub-band based on a criterion, such as channel condition, channel occupancy estimated, and etc.

· Since option 1 is simpler and given that once LBT succeeds, there is a good chance that the transmission succeeds in either of the sub-bands, we can choose option 1 (i.e. leave the selection to UE implementation)

Case 3: LBTs on all sub-bands fail:

· In this case, the physical layer should indicate to MAC layer that RACH transmission has been dropped due to LBT failure and MAC shall then initiate a new RACH transmission

Proposal 5: When there are multiple sub-bands of LBT success, since only one transmission is performed, the UE selects one sub-band based on implementation.
In addition, when the LBT succeeds in one of the sub-bands, since only one transmission is performed, any other pending RACH attempts need to be cancelled, i.e. LBT on these other sub-bands can be stopped and nothing is transmitted on these sub-bands.  

Proposal 6: When LBT succeeds on one of the sub-bands, other pending RACH attempts on other LBT-sub-bands should be cancelled and the LBT on these sub-bands can be stopped – how to specify this is up to RAN1.
RAR window start
When LBT of all sub-bands fail, in order to trigger another RACH attempt (again on multiple sub-bands), LBT failure indication needs to be informed to the MAC layer. While the absence of the indication which implicitly means that the LBT was successful. Then in the following, we will discuss whether the implicit indication is enough for multiple sub-band attempts for RAR window starting.

In NR, RAR window will be started at the first PDCCH occasion from the end of the Random Access Preamble transmission. Then for multiple sub-band attempts in unlicensed spectrum, in order to start RAR window, the MAC layer needs to know the time of end of preamble transmission. If the time domain instances of different ROs in the different sub-bands are the same, then the implicit indication is enough. However, if time domain instance of the different ROs in different LBT sub-bands is different, the MAC layer does not know which RO has been used for the transmission of RACH. Hence, for this case, the physical layer should indicate the RO used for the transmission of RACH to the MAC layer.
Proposal 7: 

- If the time domain instances of different ROs in different LBT sub-bands are the same then the implicit indication (i.e. no LBT failure indication) is enough to enable MAC to appropriately start the RAR window (i.e. at the first PDCCH occasion after the time domain occurrence of the RO). 

- However, if time domain instance of different ROs in different LBT sub-bands is different, then physical layer should indicate which one of the ROs was actually used for the transmission of RACH. 
As noted above, some of the proposals (e.g. proposal 3) impact RAN1. So, we propose to send an LS RAN1 informing them about these agreements: 

Proposal 8: Inform RAN1 about the above agreements. 

3   Conclusion

In this contribution, we discussed random access procedure for multiple Msg1 transmission opportunities and made the following observations/proposals.

Proposal 1: Multiple sub-band transmission opportunities in the frequency domain may be considered for Msg1 enhancement.
Proposal 2: In order to support multiple sub-band transmission opportunities, multiple FDMed RACH resources in the sub-bands should be configured to UE, such as msg1-FrequencyStart in the different sub-bands.
Proposal 3: one SSB may be associated with ROs in multiple sub-bands.

Proposal 4: For one RACH attempt, the MAC should select one or more ROs and indicate these to the physical layer. The selected ROs in different sub-band should have the same starting point or should be overlapping in time domain.

Proposal 5: When there are multiple sub-bands of LBT success, since only one transmission is performed, the UE selects one sub-band based on implementation.
Proposal 6: When LBT succeeds on one of the sub-bands, other pending RACH attempts on other LBT-sub-bands should be cancelled and the LBT on these sub-bands can be stopped – how to specify this is up to RAN1.
Proposal 7: 

- If the time domain instances of different ROs in different LBT sub-bands are the same then the implicit indication (i.e. no LBT failure indication) is enough to enable MAC to appropriately start the RAR window (i.e. at the first PDCCH occasion after the time domain occurrence of the RO). 

- However, if time domain instance of different ROs in different LBT sub-bands is different, then physical layer should indicate which one of the ROs was actually used for the transmission of RACH. 
Proposal 8: Inform RAN1 about the above agreements. 
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