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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF on identified RRM requirement for the three NR-U prirotized scenarios (A, B and C) was approved [1]. The WF also contains the impact on the active BWP switching requirements, which comprises the switching delay and interruption as reproduced below:
Table 1: RRM requirements for supporting scenarios with different NR-U cells
	Requirements
	Comments
	NR-U SCell (Scenario A, Scenario B with CA, Scenario C with CA)
	NR-U PSCell (Scenario B Note 2)
	NR-U PCell (Scenario C Note 2)

	
	
	DL
	DL+UL
	
	

	Active BWP switching
	Interruptions at active BWP switching
	Yes
	Yes
	Yes

	
	Active BWP switching delay
	Requirement is needed, TBD whether it is same or different from Rel-15 NR
	Requirement is needed, TBD whether it is same or different from Rel-15 NR
	Requirement is needed, TBD whether it is same or different from Rel-15 NR


The scenarios A, B and C are defined as follows:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U
In his paper we provide an initial analysis of BWP switching delay and interruption requirements for NR-U in different scenarios. 
2. Analysis of active BWP switching delay
[bookmark: _Hlk16504901]The BWP switching can be performed via DCI or can be triggered upon expiration of timer or can be done via RRC message. RAN4 has defined the BWP switching delay requirements for all these three cases. The delay is the same for both DCI-based and timer-based BWP switch as shown in table 2:
Table 2: Delay for DCI-based or timer-based BWP switch
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



The RRC-based BWP switch delay in number of slots is expressed by: 
where
 is RRC procedure delay], and
 is the time used by the UE to perform BWP switch.
The BWP switching from the old BWP to the new BWP in a serving cell is done within the bandwidth of that serving cell. All the three types of requirements are derived under the assumption that the UE does not need to warm up its receiver for switching to the target BWP. Therefore, the basic BWP switching procedure is an internal UE operation which should not be impacted by the LBT failures. However, the UE is required to receive PDSCH or transmit PUSCH on the new BWP within the BWP switching delay. The reception of PDSCH for DL BWP switch or transmission of PUSCH for UL BWP switch can be interrupted due to LBT failure. However, regardless of the LBT failures the UE should still complete the ongoing active BWP switching operation as soon as the UE can access the DL channel (for DL BWP switch) or UL channel (for DL BWP switch). Therefore, the total BWP switching delay may have to be extended according to some rule for enabling the UE to receive PDSCH or transmit PUSCH in the new BWP after accounting for LBT failures in the BS in DL or in the UE in UL respectively. The rule should ensure there is no additional delay in switching the BWP when there are no LBT failures. This needs further investigation.
· Observation #1: The PDSCH reception and/or PUSCH transmission on the new BWP may be delayed due to LBT failures in DL and/or in UL respectively. 
· Proposal # 1: The basic time period over which the BWP switching occurs shall be the same as defined in the existing requirements. 
· Proposal # 2: The impact of LBT failures on PDSCH reception or PUSCH transmission after the BWP switching needs further investigation. 
3.  Analysis of interruption due to active BWP switching
In the existing requirements during the BWP switching in a serving cell (aggressor serving cell), the UE is allowed an interruption in both DL and UL on other serving cells (victim serving cells) including LTE serving cells in EN-DC or NE-DC. The interruption on the victim serving cell depends on factors such as RF tuning, synchronization level in CA or DC (e.g. whether synchronous or asynchronous) etc. 
In the existing EN-DC, the length of interruption on the victim LTE serving cell due to BWP switching on NR serving cell depends on whether the UE is configured in synchronous EN-DC (1 subframe) or asynchronous EN-DC (2 subframes). NE-DC scenario is not relevant for NR-U. 
Table 3 shows an example of different combinaton of aggressor serving cells (where BWP is switched) and the victim serving cells where interruption can occur in different NR-U scenarios. For simplicity the examples in table assume basic CA/DC/SA configuration in terms of number of serving cells e.g. only NR PCell and NR-U SCell in CA, only LTE PCell and NR-U PSCell in E-N-DC and NR-U PCell and NR-U SCell in SA. The actual CA/DC/SA configurations depend on agreements in RF group. In our view in all these cases, the existing requirement related to interruption on the other serving cell due to BWP switching can be reused in NR-U in the relevant NR-U scenario.
Table 3: Interruption on other serving cells due to BWP switching in NR-U scenarios
	Scenario
	NR Serving cell where BWP is switched
	Victim serving cell(s) where interruption occurs

	Scenario A: CA
	PCell in licensed band
	SCell in unlicensed band

	
	SCell in unlicensed band 
	PCell in licensed band

	Scenario B: EN-DC
	PSCell in unlicensed band
	LTE PCell in licensed band

	Scenario C: SA
	PCell in unlicensed band
	SCell in unlicensed band

	
	SCell in unlicensed band
	PCell in unlicensed band


· Observation #2: 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. 
4. Summary
In this paper we have analysed the impact of the active BWP switching on the active BWP delay and interruption requirements in different NR-U scenarios. Following are the observation and proposals based on our initial assessment:
· Observation #1: The PDSCH reception and/or PUSCH transmission on the new BWP may be delayed due to LBT failures in DL and/or in UL respectively. 
· Proposal # 1: The basic time period over which the BWP switching occurs shall be the same as defined in the existing requirements. 
· Proposal # 2: The impact of LBT failures on PDSCH reception or PUSCH transmission after the BWP switching needs further investigation. 
· Observation #2: 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. 
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