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1 Introduction

In RAN1 #92bis meeting, it was agreed:

	Agreement:
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.




In RAN1#94bis meeting, regarding wideband operation, it was further agreed:

Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· 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

· Note: CCA is declared to be successful or not in multiples of 20 MHz.

· FFS for UL operation including some or all of above options can be applied

· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

An LS [R1-1812026] is sent to RAN2 and RAN4 to consider the above agreements into account. 
In this paper, we discuss the impact of BWP operation in NR-U from RAN2 point of view.

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 can 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 active DL BWP.

Observation 1 Several ways of BWP switching are supported in NR licensed. Autonomously BWP switching is supported when RACH is initiated and the active UL BWP is not configured with PRACH resources.

2.2 DL BWP operation in NR-U

The options from RAN1’s agreement can be classified into two categories:

· Option A: support multiple active DL BWPs at a given time;
· Option B: support a single active DL BWP at a given time;
Option A: multiple active DL BWPs at a given time
Option A is a new option compared to the BWP operation in NR licensed. For multiple active DL BWPs at a given time, there are understandings which corresponding to Option 1a and Option 1b in the RAN1 LS:
· 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
For the RAN2 impacts, RAN2 may need to consider the following aspects:
· How to activate/deactivate BWP; current mechanism supports BWP activation/deactivation, i.e., activating a configured deactivated BWP and deactivating the current active BWP. If multiple active BWPs are supported, some mechanisms may be introduced to activate multiple configured BWPs simultaneously. Meanwhile, UE needs to differentiate the new mechanism and the legacy mechanism, since both are to be supported.

· How to maintain the bwp-InactivityTimer; timer-based BWP switch should also be supported if multiple BWPs are active at a given time. However, whether all the activated BWPs share a same bwp-InactivityTimer or different active BWP has different bwp-InactivityTimer should be considered.
· As also indicated in the LS, whether PDSCH transmission is allowed on all the activated BWPs or just one of activated BWPs is to be studied. 

Observation 2 Some impacts are identified to RAN2 if multiple BWPs are active at a given time.
Since the motivation of supporting multiple active BWPs is to increase the transmission opportunities and enabling wideband operation, RAN2 should firstly consider whether these motivation can be achieved by reusing the current baseline, i.e., single active BWP at a time. 
Proposal 1 Supporting multiple active BWPs is for increasing the transmission opportunities and enabling wideband operation, RAN2 to consider whether the motivation can be achieved by reusing the current baseline, i.e., single active BWP at a time.
Option B: single active DL BWP at a given time

Option B is the current baseline for which only single BWP is activated at any given time. Since LBT is in the unit of 20MHz subband for NR-U operation, in order to support wideband operation, the BWP may be configured multiple 20MHz subbands. 
Observation 3 BWP may be configured with multiple 20MHz subbands for supporting wideband operation.
Depends on the LBT results, there are two different understandings on how to use the activated wideband BWP, which results in option 2 and option 3 in RAN1 discussion.
· 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 option 2, gNB can use the activated BWP to transmit PDSCH only if LBT is successful on all the subbands. In other words, if any of the subbands on the activated BWP fails to do LBT, the entire BWP can not be used for transmission. It would restrict the usage of BWP if multiple subbands are configured.
Observation 4 For option 2 in the LS, it would restrict the usage of BWP if multiple 20MHz subbands are configured. 

In order to alleviate the restriction on wideband operation, RAN1 also discussed an option for which PDSCH can be allowed to transmit on pat of the subbands of the BWP if it is configured with multiple 20MHz subbands. For this option, RAN1 has sent LS to RAN4 for asking some potential issues, e.g., for those subbands fails to do LBT, either RF leakage may occur into these parts or interference may be received from these parts due to transmission of other nodes. If this operation is confirmed by RAN4, e.g., introducing guard bands between 20MHz subbands, it can bring flexibility on using wideband BWP.
Observation 5 For option 3 in the LS, it may bring flexibility on using wideband BWP, however it needs confirmation from RAN4. 

It seems less impact to RAN2 are foreseen for single active BWP compared to multiple active BWPs, furthermore, if option 3 can be supported, the benefits are identified to achieve wideband operation and increased transmission opportunities.
Proposal 2 RAN2 considers single wideband BWP operation as the first priority.
2.3 Autonomous BWP switching due to LBT

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.

Observation 6 LBT increases the delay for performing RACH procedure.

The active UL BWP configured with PRACH occasions is used to initiate RACH, however, the channel on which the BWP is configured may not be available for much longer timer due to un-certainty of unlicensed band.
In order to mitigate this impact, it could be beneficial for the UE to perform autonomous BWP switching if the UL BWP is not available. Some mechanisms can be considered:

UE performs LBT before initiating RACH on the active UL BWP, after several number of failure LBT 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. This behaviour is with the assumption that the UE can perform one LBT at any given time due to capability limitation.
Proposal 3 UE performs LBT on the active BWP upon initiating RACH, after several number of failure LBT or time duration, if the UL BWP is not available, the UE can switch to another UL BWP configured with PRACH occasion.
Alternatively, if UE can perform LBT in parallel, i.e., UE performs LBT on several UL BWPs simultaneously, it could be beneficial that UE performs parallel LBTs on different configured UL BWPs which configured with PRACH occasions. Then, the UE can choose the UL BWP on which the LBT is first available due to successful LBT, and initiate RACH on the selected UL BWP. This behaviour is shown in the following figure:

[image: image1]
Proposal 4 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
Autonomously BWP switching is supported when the active UL BWP is not configured with PRACH resources.
Observation 2
Some impacts are identified to RAN2 if multiple BWPs are active at a given time.
Observation 3
BWP may be configured with multiple 20MHz subbands for supporting wideband operation.
Observation 4
For option 2 in the LS, it would restrict the usage of BWP if multiple 20MHz subbands are configured.
Observation 5
For option 3 in the LS, it may bring flexibility on using wideband BWP, however it needs confirmation from RAN4.
Observation 6
LBT increases the delay for performing RACH procedure.
Proposal 1
Supporting multiple active BWPs is for increasing the transmission opportunities and enabling wideband operation, RAN2 to consider whether the motivation can be achieved by reusing the current baseline, i.e., single active BWP at a time.
Proposal 2
RAN2 considers single wideband BWP operation as the first priority.
Proposal 3
UE performs LBT on the active BWP upon initiating RACH, after several number of failure LBT or time duration, if the UL BWP is not available, the UE can switch to another UL BWP configured with PRACH occasion.
Proposal 4
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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