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1 Introduction
For an NR licensed cell it is agreed that multiple BWPs can be configured, and there is at most one BWP activated at any time for a serving cell. However, for an NR unlicensed cell, a BWP may be unavailable due to LBT failure which may occur for a new transmission or a transmission timeout. In this contribution, we discuss potential BWP operations that can be used against LBT failure.
2 Discussion
In LTE LAA [1], LBT procedures on a node attempting to transmit on a carrier in unlicensed spectrum require the node to perform a clear channel assessment (CCA) to determine if the channel is free for use. As shown in Figure 1, for a new transmission (e.g. UE wakes up from idle mode and needs transmission) the Initial CCA (ICCA) procedure is needed, while Extended CCA (ECCA) is used for: 1) another required transmission after the previous transmission timeout; 2) channel is occupied when performing initial CCA. If NR-U plans to reuse this mechanism for LBT, LBT failure may occur or a new transmission or a transmission timeout as well.
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Figure 1: LTE LAA LBT procedure

For NR licensed, it is agreed that multiple BWPs can be configured, and there is at most one BWP activated at any time for a serving cell. A UE in idle or inactive mode reads initial BWP information from SI to perform initial access. And after entering connected mode the active BWP can be switched by: 1) RRC configuration; 2) BWP inactivity timer; 3) DCI.
Random Access
The UE will use the PRACH occasions configured for the activated BWP when performing the RA procedure. Due to the mandatory LBT operation, Msg1 may fail to transmit if LBT failure occurs on the activated BWP. In this case the UE has to wait until the next PRACH occasion for another attempt, which may fail again. To reduce the impact of LBT failure, a simple way is to define multiple RACH configurations on different BWPs. Therefore the UE can:

1) First select a BWP referring to history LBT failure or success probability and perform LBT afterwards;
If 1) fails in LBT, switch to another BWP referring to history LBT failure or success probability and try again until all available BWPs fail in LBT and unsuccessful RA is considered;
or:
2) First perform LBT on each BWP and select a BWP with successful LBT afterwards, unless all available BWPs fail in LBT and unsuccessful RA is considered.
Note that if a BWP is large enough containing multiple channels, multiple parallel LBT procedures for this BWP are also supported.

Proposal 1: At least for RA operation, multiple RACH configurations can be configured on different BWPs in unlicensed band to cope with LBT failure.

Proposal 2: The UE can switch to another BWP to perform LBT if it fails on the previous one.
From the network perspective it should try to configure the PRACH occasions on different BWPs to avoid overlapping in time. The BWPs configuration may refer to history LBT failure or success probability as well. These can help to reduce the impact of LBT failure on a single BWP.
Another method is to allow multiple BWP activation to further increase the probability of successful LBT. But more standard efforts are required as it is against the agreement of “at most one BWP activated”. Meanwhile the power consumption and bandwidth efficiency should be considered as well.
Proposal 3: At least for RA operation, discuss on the necessity of multiple activated BWPs with consideration on power consumption and bandwidth efficiency.
Transmission Timeout
For fairness reasons, the total time (i.e. Maximum Channel Occupancy Time) that a UE makes use of a channel in unlicensed band is applied. A UE has to perform ECCA after transmission timeout and may encounter LBT failure even on the channel it previously used. Similar to RA, the network can configure multiple RACH configurations on different BWPs for the UE to switch on. And multiple activated BWPs can also be considered.
Proposal 4: Multiple RACH configurations can be configured on different BWPs for UE transmission timeout.
3 Conclusions
In this contribution we discuss potential BWP operations against LBT failure in RA and transmission timeout cases. We would like to propose:
Proposal 1: At least for RA operation, multiple RACH configurations can be configured on different BWPs in unlicensed band to cope with LBT failure.

Proposal 2: The UE can switch to another BWP to perform LBT if it fails on the previous one.
Proposal 3: At least for RA operation, discuss on the necessity of multiple activated BWPs with consideration on power consumption and bandwidth efficiency.
Proposal 4: Multiple RACH configurations can be configured on different BWPs for UE transmission timeout.
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