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[bookmark: _Ref165266342]Introduction
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 in 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;
Furthermore, in the previous RAN2 #105bis meeting, an agreement with regard to enhancements to handle reduced transmission opportunities of Msg1 due to LBT failure has been achieved [2], which is given as following,
[bookmark: OLE_LINK5]MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies);
In this contribution, we would like to discuss some details on the RACH resource selection in NR-U, in order to increase the transmission probabilities for Msg1 in NR-U.
Discussion
In NR-U, the UE has to perform CCA procedure before transmitting Msg1. It is likely that the PHY layer in UE cannot transmit the preamble via the selected PRACH occasions (RO) due to UL LBT failure. In order to mitigate UL LBT impact on Msg1 transmission, a straightforward solution is to select more than one ROs in time domain or frequency domain as Msg1 transmission opportunities.
Whether can select multiple Msg1 transmission opportunities
Currently, a Rel-15 UE can only determine a single RO for Msg1 transmission after RACH initiation (e.g., UL carrier selection) and RACH resource selection (i.e., select a SSB/CSI-RS, an associated preamble, and the next available RO), as depicted in the Figure 1 below. 


Figure 1: RACH initiation and resource selection procedures in NR
On the other hand, according to the current NR specification, it is feasible that multiple ROs can be associated with one SSB and multiple SSBs can be supported for the 5GHz unlicensed band. For RACH resource selection, there are mainly two steps. Firstly, the UE selects a SSB/CSI-RS. Secondly, the UE selects a RO randomly amongst the ROs corresponding to the selected SSB/CSI-RS above.
Based on the description above, it can be generally concluded that multiple ROs can be provided by network configuration. Therefore, it is natural and feasible to consider the potential enhancements to support multiple Msg1 transmission opportunities via RACH resource selection.  
Observation 1: In NR, multiple PRACH occasions for Msg1 transmission can be provided to the UE by network configuration.   
Currently, RAN2 has agreed that, the MAC entity is able to return to the RACH resource selection procedure when UL LBT fails on all Msg1 transmission opportunities. That is implied that additional Msg1 transmission opportunities in time domain can be obtained by re-selecting the RACH resources. 
As for frequency domain, at least for RRC connected UE, it is possible that the ROs on the active UL BWP with more than 20MHz bandwidth can be configured on multiple LBT sub-bands. More specifically, multiple ROs, occurring simultaneously, across different LBT sub-bands can be configured to the UE, which helps to mitigate UL LBT impacts. Consequently, it is worthy to support selecting multiple ROs FDMed in different LBT sub-bands as Msg1 transmission opportunities in each RACH attempt. Thus, we propose:
[bookmark: OLE_LINK153][bookmark: OLE_LINK154]Proposal 1: Multiple FDMed PRACH occasions, occurring simultaneously, in different LBT sub-bands can be selected and indicated to PHY layer in each RACH transmission attempt.  
Enhanced RACH resource selection for multiple Msg1 transmission opportunities
In NR, a DL beam (i.e., SSB and CSI-RS) is usually associated with one or more than one associated ROs. The MAC entity in UE selects a SSB/CSI-RS and determine a corresponding RO. Then the PHY layer in UE is instructed to transmit the Msg1 via the selected RO. 
In order to support that N (N2) FDMed ROs can be selected by MAC entity, we could have the following three alternatives as enhanced RACH resource selection schemes:
· Option 1: Select N ROs amongst all the ROs corresponding to 1 selected SSB/CSI-RS.
· Option 2: Select N ROs amongst all the ROs corresponding to N selected SSB/CSI-RS. For each selected SSB/CSI-RS, selects 1 RO in the same manner as in NR.
· Option 3: Select N ROs amongst all the ROs corresponding to M (NM1) selected SSB/CSI-RS. For each selected SSB/CSI-RS, selects NM ROs amongst all the ROs corresponding to the selected SSB/CSI-RS.
Further, we are going to make a comparison among these three alternatives in terms of complexity and the number of Msg1 transmission opportunities in different LBT sub-bands.  
Complexity:
For option 1, the MAC entity in UE indicates the following information to the PHY layer in UE to prepare for Msg1 transmission:
1) N selected ROs and N corresponding RA-RNTIs;
2) 1 preamble index;
3) 1 PREAMBLE_RECEIVED_TARGET_POWER;
For option 2, the MAC entity in UE indicates the following information to the PHY layer in UE to prepare for Msg1 transmission:
1) N selected ROs and N corresponding RA-RNTIs;
2) N preamble indexes;
3) N PREAMBLE_RECEIVED_TARGET_POWER values;
For option 3, the MAC entity in UE indicates the following information to the PHY layer in UE to prepare for Msg1 transmission:
1) N selected ROs and N corresponding RA-RNTIs;
2) M preamble indexes;
3) M PREAMBLE_RECEIVED_TARGET_POWER values;
Besides, for option 2/3, the PHY layer in UE has to feedback which RO is finally selected when channel access succeeds. This is because the PREAMBLE_POWER_RAMPING_COUNTER is managed by MAC entity and the MAC entity needs to know which SSB/CSI-RS is selected in the current RACH attempt. 
The number of Msg1 transmission opportunities:
As is known, the mapping relation between the number of RO and SSB is configured by network. If the network configures that one SSB is only associated with one RACH occasions, multiple ROs cannot be selected via option1 while option 2/3 can. More specifically, in this case where the corresponding ROs, occurring simultaneously, of different SSB(s)/CSI-RS(s) are FDMed across multiple LBT sub-bands, more Msg1 transmission opportunities can be selected by option 2/3, as shown in the following Figure 2.

Figure 2: An example of enhanced RACH resource selection on the active UL BWP of 40MHz
Generally, considering that the SSB is firstly mapped to FDMed ROs in increasing order of frequency resource indexes and at most 8 SSBs can be configured in FR1. More Msg1 transmission opportunities can also be selected by option 1 if one SBB is configured to be associated with multiple ROs, as shown in the following Figure 3. 


Figure 3: Another example of enhanced RACH resource selection on the active UL BWP of 40MHz
Based on the analysis above, we summarize the advantages and disadvantages of option1/2/3 as shown in the following table 1. Besides, our preference is also given.
Table 1. Comparison of potential alternatives for increasing Msg1 transmission opportunities
	
	UE complexity
	Gains
	Preference

	Option 1
	Low 
	High, but it depends on NW configuration
	

	Option 2
	High
	High 
	

	Option 3
	High
	The highest in both time and frequency domain
	


Therefore, we propose:
Proposal 2: In NR-U, the MAC entity only select one SSB/CSI-RS in each RACH transmission attempt. 
RACH resource selection after encountering UL LBT failure
Due to the uncertain of LBT outcomes, the UE might nonetheless fail to access channel for Msg1 transmission even with potential enhancements given in the previous section. As a result, the UE performs resource selection step again. Usually, there is a high probability of UE failing to access the channel when the congestion of the unlicensed carrier is heavy. 
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]A better and efficient approach could be to allow the UE to switch to SUL carrier to re-attempt Msg1 transmission during the RACH procedure initiated on a NR-U cell, if this cell is configured with SUL carrier. More specifically, when a NR-U cell is configured with both SUL carrier and normal unlicensed UL carrier, the network can configure a maximum number of Msg1 transmission attempts on normal unlicensed UL carrier. If the UE selects the normal unlicensed UL carrier but fails to access the channel after the maximum number of Msg1 transmission attempts, the UE should select the SUL carrier to re-attempt Msg1 transmission, even when the RSRP of the DL pathloss reference is higher than rsrp-ThresholdSSB-SUL.
Proposal 3: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after the maximum number of Msg1 transmission attempts on the unlicensed UL carrier, even the DL RSRP is above the rsrp-ThresholdSSB-SUL.
Conclusions
[bookmark: _Toc502437832]In this contribution, we provide our understandings on how to select multiple PRACH occasions as Msg1 transmission opportunities and the resource selection step after encountering UL LBT failure. And we have the following observations and proposals:
Observation 1: In NR, multiple PRACH occasions for Msg1 transmission can be provided to the UE by network configuration.   
Proposal 1: Multiple FDMed PRACH occasions, occurring simultaneously, in different LBT sub-bands can be selected and indicated to PHY layer in each RACH transmission attempt.   
Proposal 2: In NR-U, the MAC entity only select one SSB/CSI-RS in each RACH transmission attempt. 
Proposal 3: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after the maximum number of Msg1 transmission attempts on the unlicensed UL carrier, even the DL RSRP is above the rsrp-ThresholdSSB-SUL.
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