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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 to address the open issue [1]:
· If the delay due to the DL LBT failure in the target BWP becomes too long then:
· Some UE may not have a valid scheduling grant for transmitting in UL there may be additional delay to receive the grant for transmitting PUSCH
· Some UE may need to perform AGC setting
· UE behavior is FFS with respect to TDL,max and TUL,max
· TDL,max is the maximum allowed duration over which the DL signal/channel is unavailable at the UE (“DL signal/channel” is TBD) after the UE has completed the DL BWP switching
· TUL,maxis the maximum allowed duration over which the UE was not able to transmit the UL signal/channel due to UL LBT (“UL signal/channel” is TBD) after the UE has completed the UL BWP switching
In his paper we analyse and express our views regarding the above open issues related to DL and UL BWP switching in NR-U. 
2. Impact of LBT failures on PDSCH reception after DL BWP switching
The UE upon triggering the DL BWP switching (DCI or timer-based) in slot n, completes the DL BWP switching (from old to new DL BWP) by slot n+TBWPswitchDelay. In the existing requirements the UE shall be able to receive PDSCH on the new BWP in the DL slot occurring immediately after slot n+TBWPswitchDelay. This is how the DL BWP switching delay is verified. However, in NR-U due to DL CCA failures the UE may not be able to receive the PDSCH in the new BWP immediately after slot n+TBWPswitchDelay. This is shown in figure 1. As agreed in the WF the maximum allowed duration over which the DL signal/channel is unavailable at the UE and the UE behaviour needs to be defined. 
Time
Trigger active BWP switch 
[bookmark: _Hlk23968735][bookmark: _Hlk23968736]TBWPswitchDelay
Active BWP switch completed
slot n
UE may not receive PDSCH on new BWP due to DL CCA failures over K slots
slot n+ TBWPswitchDelay

slot n+ TBWPswitchDelay + K
 

Figure 1: Impact of CCA failure on receiving PDSCH on the new active BWP after the active BWP switching 
The DL CCA failure is detected by the UE based on SSB. Therefore, the maximum allowed duration can be expressed in terms of K slots starting from slot n+TBWPswitchDelay. Where K=Lmax*TSSB *  slots and Lmax depends on the SSB periodicity (TSSB) as proposed in table 1.
Table 1: Maximum allowed number of missed SSB for PDSCH reception after the active BWP switching
	SSB periodicity (TSSB)
	Maximum allowed number of missed SSB (Lmax)

	TSSB ≤ 40 ms
	8

	TSSB > 40 ms
	4


Regarding the UE behaviour we propose that after slot n+TBWPswitchDelay+K, the UE is not expected to receive PDSCH in the new DL BWP since duration = K slots is suffiently long duration to verify that the UE receives PDSCH immediately after the DL CCA is successful. 
The same explanation applies for RRC-based DL BWP switching delay except that the DL BWP switching delay is expressed as  slots. This means the maximum allowed duration can be expressed in terms of K slots starting from slot n+.
3. Impact of LBT failures on PUSCH transmission after UL BWP switching
The UE upon triggering the UL BWP switching (DCI or timer-based) in slot n, completes the UL BWP switching (from old to new UL BWP) by slot n+TBWPswitchDelay. In the existing requirements the UE shall be able to transmit PUSCH on the new BWP in the UL slot occurring immediately after slot n+TBWPswitchDelay. This is also how the UL BWP switching delay is verified. However, in NR-U due to UL CCA failures the UE may not be able to transmit the PUSCH in the new BWP immediately after slot n+TBWPswitchDelay two to at least 3 reasons:
· UL channel (PUSCH) cannot be transmitted due to UL CCA failures,
· Scheduling grant may be delayed due to unavailability of the DL channel (PDCCH) at the UE due to DL CCA failures and
· SSB is unavailable at the UE for more than 160 ms due to DL CCA failures. The SSB is used for deriving the UL transmit timing. 
The UE should transmit the PUSCH at the first UL available opportunity after the BWP switching. As stated above the delay in PUSCH transmission can also be due to DL CCA failures. Therefore:
· For DCI or timer-based UL BWP switching, the maximum allowed duration for PUSCH transmission after the UL BWP switch can also be expressed in terms of K slots starting from slot n+TBWPswitchDelay as described in secion 2 (for DL BWP switching). After slot n+TBWPswitchDelay+K, the UE is not expected to transmit PUSCH in the new UL BWP.
· For RRC-based UL BWP switching, the maximum allowed duration can be expressed in terms of K slots starting from slot n+. After slot n++K, the UE is not expected to transmit PUSCH in the new UL BWP.


4. Summary
In this paper we have analysed the impact of the active BWP switching on the active BWP delay due to DL and UL LBT failures. Following are the proposals based on the analysis:

For DL BWP switching:
· Proposal # 1-1: The UE shall be able to receive PDSCH on the new DL BWP in the first available downlink slot occurring immediately after the DL BWP switching. 
· Proposal # 1-2: For DCI-based or timer-based UL BWP switching, the UE is not expected to receive the PDSCH on the new DL BWP after K slots starting from slot n+TBWPswitchDelay; where K=Lmax*TSSB *  and Lmax depends on SSB periodicity (TSSB).
· Proposal # 1-3: For RRC-based UL BWP switching, the UE is not expected to receive the PDSCH on the new DL BWP after K slots starting from slot n+; where K = Lmax *TSSB *  and Lmax depends on SSB periodicity (TSSB).
For UL BWP switching:
· Proposal # 2-1: The UE shall be able to transmit PUSCH on the new UL BWP in the first available uplink slot occurring immediately after the UL BWP switching. 
· Proposal # 2-2: For DCI-based or timer-based BWP switching, the UE is not expected to transmit the PUSCH on the new UL BWP after K slots starting from slot n+TBWPswitchDelay; where K=Lmax*TSSB *  and Lmax depends on SSB periodicity (TSSB).
· Proposal # 2-3: For RRC-based UL BWP switching, the UE is not expected to transmit the PUSCH on the new UL BWP after K slots starting from slot n+; where K = Lmax *TSSB *  and Lmax depends on SSB periodicity (TSSB).
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