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1 Introduction

In this contribution, we discuss a possible way to improve the msg1 transmission opportunities by enabling LBT aware UL BWP selection.
2 Discussion

For BWP switching due to RACH initiation, if the active UL BWP is not configured with PRACH occasions, the UE will autonomously switches to the initial BWP, and also the downlink active BWP will be switched to the initial BWP. If the active UL BWP is configured with PRACH occasions, UE would switch the downlink active BWP to the BWP with the same BWP ID as the active uplink BWP. In some senses, the BWP switching due to RACH can be regarded as UE proactive BWP switch, since until the network can identify the UE when RACH is successful, the network is not aware of the BWP switching behaviour of the UE side.
Observation 1 UE can proactively switch the BWP when RACH is initiated.

In order to increase the channel access opportunities, it may also be possible that the UE performs LBT on multiple BWP in parallel. Then, the UE can select any uplink BWP whichever the LBT passes. Somehow, this behaviour means UE autonomous selects BWP based on the LBT outcome. However, in this case, it may require the network to monitor uplink transmission on all the configured uplink BWPs for the UE.

Observation 2 It’s beneficial for channel access if UE is allowed to perform LBT on multiple configured BWP in parallel. 
For the current BWP operation, UE may switch BWP when RACH is initiated, i.e., when there is no PRACH occasion configured on the active uplink BWP. When the active UL BWP is configured with PRACH occasion, the UE will stay on this active BWP to perform RACH. 
However, in NR-U, msg1 transmission may be blocked by LBT, in this case, the UE will wait until next available PRACH occasion which will cause delay for the RACH procedure. Normally, the gNB configures PRACH occasion without channel situation, i.e., gNB is not aware whether the channel is congested or not. When the UE performs RACH based on the configuration, it’s possible that the channel can not be obtained due to high load and thus the RACH performance is not guaranteed.

Observation 3 LBT increases the delay for performing RACH procedure.

In order to mitigate this impact due to channel uncertainty, it could be beneficial for the UE to perform BWP switching if the UL BWP is not available due to LBT failure. Some mechanisms can be considered based on the outcome from RAN1 on whether UE is allowed to perform LBT on multiple BWP in parallel.
However, from RAN2 perspective, there are following ways to improve the RACH performance by considering the LBT outcome for the UL BWP.

If the UE is not expected to perform LBT on multiple UL BWPs in parallel, the UE performs LBT only on the active uplink BWP when RACH is initiated. After several number of LBT attempts or time duration, if the UL BWP is still unavailable, the UE can switch to another UL BWP which is configured with PRACH occasion. The other UL BWP to be switched can be configured by network or it could be the initial BWP.
Proposal 1 If UE performs LBT on only one BWP when RACH is initiated, the UE can switch to another UL BWP configured with PRACH occasion after several LBT attempts or time duration.
If the UE is capable of performing LBT on multiple UL BWPs in parallel, the UE can choose whichever uplink BWP with successful LBT, then the RACH is initiated on that selected UL BWP. This would somehow improve the RACH procedure on unlicensed band. This behaviour is shown in Figure 1 as an example, for which the gNB configured 3 uplink BWP with PRACH occasions. When the RACH is initiated, the UE is able to perform LBT on all the configured uplink BWP in parallel. If LBT is successful for one of BWPs, e.g., BWP#1, even if it’s not active BWP, the UE can select it and activated it for performing RACH procedure. 
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Figure 1 Example on LBT based BWP switching
Proposal 2 The UE performs LBT on multiple UL BWPs configured with PRACH occasion in parallel, and select the first available one to perform RACH.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
UE can proactively switch the BWP when RACH is initiated.
Observation 2
It’s beneficial for channel access if UE is allowed to perform LBT on multiple configured BWP in parallel.
Observation 3
LBT increases the delay for performing RACH procedure.
Proposal 1
If UE performs LBT on only one BWP when RACH is initiated, the UE can switch to another UL BWP configured with PRACH occasion after several LBT attempts or time duration.
Proposal 2
The UE performs LBT on multiple UL BWPs configured with PRACH occasion in parallel, and select the first available one to perform RACH.
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