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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last RAN4 meeting, a WF [1] was agreed to investigate the interruption requirement due to BWP switching.
	· BWP switching on a NR serving carrier (carrier1) will cause interruption in at least serving carrier1.  
· If it is identified that BWP switching in NR serving carrier(s) will cause interruption on LTE serving carrier(s) in EN-DC then the interruption on LTE serving carrier(s) shall be specified in terms of subframes.
· Investigate whether or not BWP switching for the 4 BWP reconfiguration scenarios on cell1 will also cause interruption:
· on LTE PCell and LTE activated SCell(s) and other NR serving cells (e.g. PSCell, SCells) in EN-DC,
· on other NR serving cells (e.g. PCell, SCells) in NR CA.
· Investigate suitable interruption duration (in number of symbols or slots) on NR serving cell(s) due to BWP switching.
· Investigate for scenario where BWP switching results in change of the SCS from old SCS (SCS1) to a new SCS (SCS2), whether the time unit (number of symbols or slots) to express interruption time is based on SCS1 or SCS2.
· Investigate whether there is any problem for the UE to transmit and/or receive signals in one or more time resources (symbols or slots) occurring immediately after the interruption time due to BWP switching e.g.
· any impact on channel estimation,
· any possible impact on measurements,
· analysis to identify other possible impacts is not precluded.
· Investigate whether BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will cause any interruption and the interruption time (if the procedure is supported and the interruption occurs). 
· Additionally investigate if changing baseband parameters without BWP switch will need interruptions (if the procedure is supported). 


In short, we summarize the WF [1] into the following questions
Q1: Whether BWP switching for the 4 BWP reconfiguration scenarios on cell1 will also cause interruption to other serving cells?
Q2: What the victims are
Q3: How long the interruption duration is
Q4: Determine the time unit of interruption duration when SCS is changing.
Q5: Whether UE can receive immediately after the interruption time due to BWP switching
Q6: Whether BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will cause any interruption
In this paper, we provide our view regarding above questions. 
2	Discussion
Q1: Whether BWP switching for the 4 BWP reconfiguration scenarios on cell1 will also cause interruption to other serving cells?
Since the first 3 scenarios involves changes in RF, interruption to other serving cells is expected. 
For the 4th scenario with only SCS change, whether the interruption will happen is up to UE implementation strategy. 
· If there are some tight baseband resource sharing among different CCs, then interruption may happen. For an example, the polar decoding engines could be shared among all CCs. Changing the numerology of one CC from 15KHz to 30KHz means that BWP-changing CC needs to access the polar decoding twice as frequent as it did in 15KHz. In this case, re-arrangements of the baseband resources inside UE is needed and interruption is expected. 
· If there is no such a tight sharing among CCs, e.g., dedicated resources are allocated for different CCs, then it is possible to avoid the interruption. However, such UE would turn out to have higher complexity and cost. 
Therefore, in general, we think interruption should also be considered for scenario 4. Moreover, it should be noted that the SCS change should be still within UE’s capability. E.g., if UE can only support same numerology for intra-band CA, then it is not possible for a UE to change the SCS for only a single CC in that band.
[bookmark: _Ref513559528]Proposal 1: BWP reconfiguration scenarios 1, 2, 3 and 4 will cause interruption to other serving cells. 

Q2: What the victims are
If we consider only the RF retuning, then typically all CCs in the same frequency range as the CC performing BWP switching will be interrupted. In other words, when UE is performing BWP switching involving RF changes in a CC in FR1, then all the other CCs FR1 are interrupted. For those CCs in FR2, whether they will be interrupted depends on UE RF architecture. Determining the victims is based on the frequency range, but not the RAT.
However, if SCS change is also considered, then interruption could happen in all CCs.
[bookmark: _Ref513559530]Proposal 2: If only the RF retuning is considered, all CCs in the same frequency range as the CC performing BWP switching will be interrupted. If SCS change is also considered, all CC in all frequency ranges will be interrupted. 

Q3: How long the interruption duration is
To determine the interruption duration, the first thing is to first determine the duration of time needed by UE. This is illustrated as the red arrow in Figure 1. After calculating and loading the RF and/or baseband parameters, UE applies the new parameter for the new BWP. Interruptions occur in the time duration (Tapply) when UE is applying the new parameters, e.g., RF is re-tuned based on the new parameters. Regarding Tapply, we think it is possible to limit the time in 250us if only RF retuning is considered, but 500us if SCS change is involved.. 
[bookmark: _Ref513559532]Proposal 3: The time duration that UE needs to apply the new parameters for new BWP is 250us if only RF retuning is considered, but 500us if SCS change is involved.
[image: ]
[bookmark: _Ref513114228]Figure 1. Interruption caused by BWP-switching CC to other CCs

On the other hand, the starting time of Tapply is also a key issue to be discussed. In our opinion, UE can start to apply the new parameters Tapply before the slot boundary of starting the new BWP. This is also illustrated in Figure 1.
[bookmark: _Ref513559533]Proposal 4: UE starts to apply the new parameters 250us or 500us before the slot boundary of starting the new BWP.

With the understanding of Tapply, the number of interrupted slots in other CC would depend on 
· Whether the aggressor and victim are synchronous or asynchronous
· The SCS of the victim.
Therefore, the exact numbers of slots on the victim serving cells can be calculated in Table 1.
[bookmark: _Ref513124567]Table 1. Number of interrupted slots
	
	If only RF retuning is considered,
Tapply = 250 us
	If SCS change is involved,
Tapply = 500 us

	SCS of Victim serving cell 
[slot length, us]
	Whether the aggressor and victim are synchronous or asynchronous
	Whether the aggressor and victim are synchronous or asynchronous

	
	Sync 
	Async
	sync
	Async

	15KHz [1000]
	[1]
	2
	[1]
	2

	30KHz [500]
	[1]
	2
	[1]
	2

	60KHz [250]
	[1]
	2
	[2]
	3

	120KHz [125]
	[2]
	3
	[4]
	5



[bookmark: _Ref513559534]Proposal 5: Consider Table 1 when specifying the number of interrupted slots for victim serving cells. Further changes may be considered, depending on the conclusion of MRTD in sync NR-DC and EN-DC.

Q4: Determine the time unit of interruption duration when SCS is changing.
In our understanding, since Tapply =250us or 500us is clear, only the SCS of the victim cells needs to be considered in the requirement, but not the SCS of the BWP-switching CC. 
[bookmark: _Ref513559521]Observation 1: The SCS of the BWP-switching CC does not need to be considered in the interruption requirement.

Q5: Whether UE can receive immediately after the interruption time due to BWP switching
Since BWP switching is always within the same carrier, UE can always assume the same timing and frequency offset before and after BWP switching. On the other hand, the DMRS for PDCCH and PDSCH can work without cross-slot processing. Therefore, in general UE should have no problem decoding the PDCCH and PDSCH right after BWP switching. 
However, network may not have the full information of the CSI (CQI/PMI/RI/…) reporting for the new BWP. Therefore, it is not guaranteed that UE can achieve the same decoding performance if the PDCCH/PDSCH is scheduled based on the CSI reported in the previous BWP. 
[bookmark: _Ref513559525]Observation 2: UE may not keep the same DL decoding performance right after BWP switching because of the mismatch in CSI (CQI/PMI/RI/…) reporting.

Q6: Whether BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will cause any interruption
In our understanding, there is no interruption to other serving cells if only baseband parameters are changed in the BWP switching.
[bookmark: _Ref513559536]Proposal 6: There is no interruption to other serving cells if only baseband parameters are changed in the BWP switching. But interruption on the BWP-switching CC is expected. 

3	Conclusions
In the contribution, we discuss the Interruption requirement for BWP switching. We have the following observations and proposals.
Observation 1: The SCS of the BWP-switching CC does not need to be considered in the interruption requirement.
Observation 2: UE may not keep the same DL decoding performance right after BWP switching because of the mismatch in CSI (CQI/PMI/RI/…) reporting.
Proposal 1: BWP reconfiguration scenarios 1, 2, 3 and 4 will cause interruption to other serving cells.
Proposal 2: If only the RF retuning is considered, all CCs in the same frequency range as the CC performing BWP switching will be interrupted. If SCS change is also considered, all CC in all frequency ranges will be interrupted. 
Proposal 3: The time duration that UE needs to apply the new parameters for new BWP is 250us if only RF retuning is considered, but 500us if SCS change is involved.
Proposal 4: UE starts to apply the new parameters 250us or 500us before the slot boundary of starting the new BWP.
Proposal 5: Consider Table 1 when specifying the number of interrupted slots for victim serving cells. Further changes may be considered, depending on the conclusion of MRTD in sync NR-DC
Table 1. Number of interrupted slots
	
	If only RF retuning is considered,
Tapply = 250 us
	If SCS change is involved,
Tapply = 500 us

	SCS of Victim serving cell 
[slot length, us]
	Whether the aggressor and victim are synchronous or asynchronous
	Whether the aggressor and victim are synchronous or asynchronous

	
	Sync 
	Async
	sync
	Async

	15KHz [1000]
	[1]
	2
	[1]
	2

	30KHz [500]
	[1]
	2
	[1]
	2

	60KHz [250]
	[1]
	2
	[2]
	3

	120KHz [125]
	[2]
	3
	[4]
	5



[bookmark: _GoBack]Proposal 6: There is no interruption to other serving cells if only baseband parameters are changed in the BWP switching. But interruption on the BWP-switching CC is expected.
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