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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting the following agreements were made regarding the active BWP switching requirements in NR-U:
Agreement: The basic time period over which the BWP switching occurs shall be the same as defined in the existing requirements (applies for DCI-, timer-, and RRC-based active BWP switching).
Agreement: The impact of LBT failures on PDSCH reception or PUSCH transmission after the BWP switching needs further investigation.
Agreement: The duration of interruption on a serving cell in licensed band or unlicensed band or due to BWP switching on a licensed or unlicensed band can be based on the existing interruption requirements.
In his paper we provide further analysis of the open issues related to BWP switching delay and interruption requirements in NR-U. 
2. Impact of LBT failures on PDSCH/PUSCH reception/transmission
As agreed in the last meeting that the basic active BWP switching time period can be the same as defined in Rel-15 of TS 38.133.  
However, one remaining issue is the impact of LBT failures on the PDSCH reception or PUSCH transmission after the BWP switch has been completed. Due to the DL LBT failures the UE will not be able to receive the PDSCH immediately after the DL BWP switch. Similarly, due to the UL LBT failures the UE will not be able to transmit the PUSCH immediately after the UL BWP switch. There are few issues:
· If the delay due to the LBT failure becomes too long then the UE may not have a valid scheduling grant for transmitting in UL. This is mainly a problem when there are DL LBT failure over a long time and the UE is doing UL BWP switching after which the UE has to send PUSCH. There might be some additional delay to receive the grant for transmitting in the UL. 
· If the delay due to LBT failure becomes too long then UE might need to perform AGC setting etc., which may require SSB reception. This is also a problem when there are DL LBT failures over a long period of time.
There are different options:
· One option is to allow the UE to further extend the BWP switching delay. 
· Another option is that if the delay due to LBT failure becomes larger than certain value then the UE is not required to receive in the new DL BWP or transmit in the new UL BWP. This approach is relatively simple. Also a typical case is when both DL and UL BWP are switched together. 
The proposed updates to the DCI-based, timer-based and RRC-based BWP switching delay requirements are described in the following sections.
2.1. DCI-based BWP swiching
DCI-based DL BWP switching: 
For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, the UE shall be able to receive PDSCH for DL active BWP switch on the new BWP on the serving cell on which the BWP is switched on the first available DL slot occurring immediately after slot:
n+ TBWPswitchDelay + TDCI_DL
Where:
· TDL is the time period starting from slot n+ TBWPswitchDelay and over which DL slot is unavailable at the UE due to DL CCA failures in the serving cell. It is expressed in slots.
· When TDCI_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. Where Tmax = TBD. 
DCI-based UL BWP switching: 
For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, the UE shall be able to transmit PUSCH for UL active BWP switch on the new BWP on the serving cell on which the BWP is switched on the first available UL slot occurring immediately after slot:
n+ TBWPswitchDelay + TDCI_UL
Where:
· TDCI_UL is the time period staring from slot n+ TBWPswitchDelay and over which UL slot is unavailable at the UE due to UL CCA failures in the serving cell. It is expressed in slots.
· When TDCI_UL > Tmax then the UE is not expected to transmit the PUSCH on the new BWP. 
2.2. Timer-based BWP swiching
Timer-based DL BWP switching: 
For timer-based BWP switch, the UE shall start BWP switch at DL slot n, where n is the beginning of a DL subframe (FR1) or DL half-subframe (FR2) immediately after a BWP-inactivity timer bwp-InactivityTimer [2] expires on a serving cell and the UE shall be able to receive PDSCH for DL active BWP switch on the new BWP on the serving cell on which the BWP is switched on the first available DL slot occurring immediately after slot:
n+ TBWPswitchDelay + TTimer_DL
Where:
· TDL is the time period starting from slot n+ TBWPswitchDelay and over which DL slot is unavailable at the UE due to DL CCA failures in the serving cell. It is expressed in slots.
· When TTimer_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. Where Tmax = TBD.
Timer-based UL BWP switching: 
For timer-based BWP switch, the UE shall start BWP switch at DL slot n, where n is the beginning of a DL subframe (FR1) or DL half-subframe (FR2) immediately after a BWP-inactivity timer bwp-InactivityTimer [2] expires on a serving cell and the UE shall be able to transmit PUSCH for UL active BWP switch on the new BWP on the serving cell on which the BWP is switched on the first available UL slot occurring immediately after slot:
n+ TBWPswitchDelay + TTimer_UL
Where:
· TTimer_UL is the time period starting from slot n+ TBWPswitchDelay and over which UL slot is unavailable at the UE due to UL CCA failures in the serving cell. It is expressed in slots.
· When TTimer_UL > Tmax then the UE is not expected to transmit the PUSCH on the new BWP. Where Tmax = TBD.
2.3. RRC-based BWP swiching
RRC based DL BWP switching: 
For RRC-based BWP switch, after the UE receives BWP switching request, the UE shall be able to receive PDSCH/PDCCH for DL active BWP switch on the new BWP on the serving cell on which BWP switch occurs on the first available DL slot immediately after the beginning of slot: 
 + TRRC_DL, where
Where 
· n is the last slot containing the RRC command,
·  is the length of the RRC procedure delay in millisecond as defined in clause 12 in TS 38.331 [2],
·  is the time used by the UE to perform BWP switch, and
· TRRC_DL is the time period starting from slot and over which the DL slot is unavailable at the UE due to CCA failures in the serving cell. It is expressed in slots.
· When TRRC_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. 
RRC based UL BWP switching: 
For RRC-based BWP switch, after the UE receives BWP switching request, UE shall be able to transmit PUSCH for UL active BWP switch on the new BWP on the serving cell on which BWP switch occurs on the first available UL slot immediately after the beginning of slot: 
 + TRRC_DL, where
Where 
· n is the last slot containing the RRC command,
·  is the length of the RRC procedure delay in millisecond as defined in clause 12 in TS 38.331 [2],
·  is the time used by the UE to perform BWP switch, and
· TRRC_DL is the time period starting from slot and over which the DL slot is unavailable at the UE due to CCA failures in the serving cell. It is expressed in slots.
· When TRRC_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. 


3. Summary
In this paper we have further analysed the impact of the active BWP switching on the active BWP delay due to DL and UL LBT failures. Following are the observation and proposals based on the analysis:
· Observation #1: If the delay due to the DL LBT failure becomes too long then the UE may not have a valid scheduling grant for transmitting in UL there may be additional delay to receive the grant for transmitting PUSCH. 
· Observation #2: If the delay due to DL LBT failure becomes too long then UE might need to perform AGC setting.
· Proposal # 1-1: The total time period over which DCI-based DL BWP switching occurs shall be:
n+ TBWPswitchDelay + TDCI_DL, slots
· TDL is the time period starting from slot n+ TBWPswitchDelay and over which DL slot is unavailable at the UE due to DL CCA failures in the serving cell. It is expressed in slots.
· When TDCI_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. Where Tmax = TBD. 
·  Proposal # 1-2: The total time period over which DCI-based UL BWP switching occurs shall be:
n+ TBWPswitchDelay + TDCI_UL, (slots)
· TDCI_UL is the time period staring from slot n+ TBWPswitchDelay and over which UL slot is unavailable at the UE due to UL CCA failures in the serving cell. It is expressed in slots.
· When TDCI_UL > Tmax then the UE is not expected to transmit the PUSCH on the new BWP. 
· Proposal # 2-1: The total time period over which timer-based DL BWP switching occurs shall be:
n+ TBWPswitchDelay + TTimer_DL, (slots)
· TDL is the time period starting from slot n+ TBWPswitchDelay and over which DL slot is unavailable at the UE due to DL CCA failures in the serving cell. It is expressed in slots.
· When TTimer_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. Where Tmax = TBD.
· Proposal # 2-2: The total time period over which time-based UL BWP switching occurs shall be:

n+ TBWPswitchDelay + TTimer_UL, (slots)
· TTimer_UL is the time period starting from slot n+ TBWPswitchDelay and over which UL slot is unavailable at the UE due to UL CCA failures in the serving cell. It is expressed in slots.
· When TTimer_UL > Tmax then the UE is not expected to transmit the PUSCH on the new BWP. Where Tmax = TBD.
· Proposal # 3-1: The total time period over which RRC-based DL BWP switching occurs shall be:
 + TRRC_DL, (slots)
· TRRC_DL is the time period starting from slot and over which the DL slot is unavailable at the UE due to CCA failures in the serving cell. It is expressed in slots.
· When TRRC_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. 
· Proposal # 3-2: The total time period over which RRC-based UL BWP switching occurs shall be:
 + TRRC_DL, (slots)
· TRRC_DL is the time period starting from slot and over which the DL slot is unavailable at the UE due to CCA failures in the serving cell. It is expressed in slots.
· When TRRC_DL > Tmax then the UE is not expected to receive the PDSCH on the new BWP. 
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