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1 Introduction

In TR38.889, for BWP operation, the following has been captured:

For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

-
Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

-
Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

-
Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

-
Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
-
Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs

-
Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP

-
Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP

-
Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE

In last RAN1#AH1901 meeting, it’s agreed to rule out the multiple active BWPs operation for both DL and UL and an LS [R1-1901460] has been sent out to both RAN4 and RAN2, and the main agreements from the LS are captured as follows:
Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)

· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 

· each block spans contiguous (one or) multiple successful LBT sub-bands

· each gap spans one or multiple contiguous unsuccessful LBT sub-bands

· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur

· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)

Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.

In this contribution, we discuss the possible impacts to RAN2 based on the RAN1’s progress on BWP operation for NR-U.
2 Discussion

2.1 BWP operation in NR licensed
In NR, network can configure up to 4 BWPs for DL and UL. At any given time, there is only one active BWP for DL and UL respectively. In current specification, there are four ways to switch the active BWP to another configured BWP:

· DCI-based BWP switching;

· RRC-based BWP switching;

· Timer-based BWP switching;

· BWP switching due to RACH initiated;

In general, BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. The BWP switching triggered by DCI or RRC signalling is controlled by network, for example, when UE requires high data throughput the network can switch the UE to BWP with larger bandwidth. For timer-based BWP switching, i.e., due to expiry of bwp-InactivityTimer, it makes the UE switch to a default/initial BWP. Normally, the initial/default BWP is configured with small bandwidth, so that it’s friendly to UE power saving when current active BWP is without data transmission for a certain time.

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 Several ways of BWP switching are supported in NR licensed. 
Observation 2 UE can proactively switch the BWP when RACH is initiated.

2.2 Possible enhancements for BWP operation
It’s agreed operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI. Based on this agreement, in general, there may not be too much impacts on the current BWP operation. However, considering channel uncertainty on unlicensed carrier and also the LBT failure, some potential enhancements may consider during the NR-U WI phase.
Firstly, for downlink operation, the current behaviour of activated BWP and deactivated BWP is clearly defined in R15 MAC specification. For example, if a configured BWP is deactivated, the UE does not monitor PDCCH nor receiving DL-SCH on the BWP. However, on unlicensed carrier, in order to increase the channel access opportunities, gNB may perform LBT not only on the active BWP but also on other configured BWPs.
If the gNB only performs LBT on the active BWP for downlink transmission, the UE can detect the gNB transmission by monitoring PDCCH or possible other signal. However, if gNB is able to perform LBT on multiple configured BWP, e.g., for the purpose of increasing channel access opportunities, once it gets channel on a deactivated BWP, it may require the UE to detect downlink transmission on deactivated BWP which is not supported for the current behaviour.

Observation 3 For downlink operation, it’s not clear whether gNB perform channel access only on the active DL BWP or it can perform channel access on multiple configured BWPs.

Observation 4 The current behaviour does not support UE detecting downlink transmission if channel is obtained on deactivated BWP. 
Proposal 1 Send an LS to RAN1 to clarify whether UE needs to detect downlink transmission burst on deactivated BWP. 

Secondly, regarding bwp-InactivityTimer, the current behaviour is that the UE will switch the active DL BWP to default/initial BWP if the timer expired. For unlicensed operation, gNB occupies the channel once LBT is successful and the there is a so-called maximum channel occupancy time (MCOT) depends on LBT type. If the MCOT is initiated due to gNB transmission, it’s regarded as gNB initiated COT and same for the UE initiated COT.

If bwp-InactivityTimer is configured also for unlicensed operation, it would be possible that the timer expires in MCOT. In this case, the active BWP needs to be switched to the default/initial BWP on which the gNB has to perform another LBT to acquire the channel, even though the channel is available in the active BWP. So, we propose:
Proposal 2 bwp-InactivityTimer is not expected to be expired during MCOT. 
Thirdly, for uplink operation, the case is similar as the downlink operation. When there is uplink traffic, UE perfomrs LBT on the active uplink BWP. Meanwhile, 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 5 It’s beneficial for channel access if UE is allowed to perform LBT on multiple configured BWP in parallel. 
Proposal 3 Ask RAN1 whether UE is allowed to perform LBT on multiple configured BWPs in parallel. 

2.3 LBT based BWP switching in NR-U
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 occupied due to high load and thus the RACH performance is not guaranteed.

Observation 6 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. Some mechanisms can be considered based on the outcome from RAN1 on whether UE is allowed to perform LBT on multiple BWP in parallel:

If the answer is no, 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 4 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 answer is yes, the UE is able to perform LBTs on multiple configured BWP with PRACH occasions configured in parallel. In this case, 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 5 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
Several ways of BWP switching are supported in NR licensed.
Observation 2
UE can proactively switch the BWP when RACH is initiated.
Observation 3
For downlink operation, it’s not clear whether gNB perform channel access only on the active DL BWP or it can perform channel access on multiple configured BWPs.
Observation 4
The current behaviour does not support UE detecting downlink transmission if channel is obtained on deactivated BWP.
Observation 5
It’s beneficial for channel access if UE is allowed to perform LBT on multiple configured BWP in parallel.
Observation 6
LBT increases the delay for performing RACH procedure.
Proposal 1
Send an LS to RAN1 to clarify whether UE needs to detect downlink transmission burst on deactivated BWP.
Proposal 2
bwp-InactivityTimer is not expected to be expired during MCOT.
Proposal 3
Ask RAN1 whether UE is allowed to perform LBT on multiple configured BWPs in parallel.
Proposal 4
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 5
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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