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1. Introduction
In last RAN4#94-e meeting the RRM requirements of BWP switching on multiple CCs are discussed, and the potential agreements and the remaining open issues in the WF [1]. Based on the agreements in the last meeting, we present the analysis of the delay and interruption requirements of simultaneous BWP switching on multiple CCs in this paper.
2. Discussion
2.1 Delay
In the last RAN4#94-e meeting, the delay requirements for simultaneous BWP switching on multiple CCs were discussed with following agreements: 
	RAN4#94-e Agreement
RRC based simultaneous triggering for NR-DC operation
Agreement: RRC based simultaneous triggering for BWP switch on multiple CCs for NR-DC operation is not considered
Delay requirements for DCI/timer based BWP switch
Agreement: ; N: Number of CCs with simultaneous BWP switch; K is number of CCs that can be processed simultaneously; D is incremental delay for BWP switch processing on additional CCs
FFS on D and K
· Options for D
· D=100us for Type 1; 200 us for Type 2
· D = 450us for Type 1; 1.5ms for Type 2 
· Other options not precluded
· Options for K
· K=1 
· K based on UE 
· Other options not precluded
Delay requirements for RRC based BWP switch
Switching delay for RRC based simultaneous switching is FFS
· Option 1 : ; N: Number of CCs with simultaneous BWP switch; K: Number of CCs that can be processed simultaneously
· Options for K
· K=1	
· K = 4 
· Option 2 : Same as single CC ( without extension




For DCI and timer-based simultaneous BWP switching on multiple CCs, it was agreed to extend the delay requirements using the equation considering the number of CCs that can be processed simultaneously and the incremental delay. As mentioned in our contribution for the last meeting, because the number of CCs that can be process simultaneously may different due to the implementation of different companies, therefore, we proposal that K shall be equal to 1 which could be regarded as normalization. Since the simultaneous BWP switch could be processed simultaneously on multi CCs actually, the incremental delay shall be smaller because it is an average value per CC.
Proposal 1: The incremental delay shall be defined per CC, which means K is equal to 1.
Based on the proposal 1, the incremental delay is actually an averaged value of each CC, thus we proposal that D=100us for type 1 UE and D=200us for type 2 UE.
Observation 1: If K is equal 1, the incremental delay is actually an averaged value on each CC.
Proposal 2: D=100us for type 1 UE and D=200us for type 2 UE.
Per-UE gap and Per-FR gap were discussed at the end of last meeting when discussing the requirements of partial overlapping BWP switching multiple CCs. From our understanding, it shall also be considered in the simultaneous scenarios. For UE capable of Per-FR gap, the simultaneous BWP switching on multiple CCs within the same FR, it shall note impact the BWP switching on CCs of other FR. Thus, the definition of N shall be defined respectively for Per-UE gap capable UE and Per-FR gap capable UE.
Proposal 3: The definition of N shall be defined respectively for Per-UE gap capable UE and Per-FR gap capable UE.
Therefore, based on the analysis above, the delay for DCI and Timer-based simultaneous BWP switching on multiple CCs shall be defined as: 
DCI-based:
, where the switching delay on single CC, D is 100us for type 1 BWP switching delay and 200us for type 2 BWP switching delay. For UE which is capable of per-FR gap, N is the number of simultaneous BWP switching triggered by DCI on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching triggered by DCI.
Timer-based:
, where the switching delay on single CC, D is 100us for type 1 BWP switching delay and 200us for type 2 BWP switching delay. For UE which is capable of per-FR gap, N is the number of simultaneous BWP switching triggered by BWP-inactivity timer on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching triggered by BWP-inactivity timer.
Proposal 4:
DCI-based:
, where the switching delay on single CC, D is 100us for type 1 BWP switching delay and 200us for type 2 BWP switching delay. For UE which is capable of per-FR gap, N is the number of simultaneous BWP switching triggered by DCI on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching triggered by DCI.
Timer-based:
, where the switching delay on single CC, D is 100us for type 1 BWP switching delay and 200us for type 2 BWP switching delay. For UE which is capable of per-FR gap, N is the number of simultaneous BWP switching triggered by BWP-inactivity timer on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching triggered by BWP-inactivity timer.
For RRC-based simultaneous BWP switching on multiple CCs, the delay for single CC BWP switching is quite long compared with the delay of DCI and timer-based switching. Thus, we support option 2 where the delay shall be same as single CC (𝑇𝑅𝑅𝐶𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔+𝑇𝐵𝑊𝑃𝑠𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎𝑦  ) without extension
Proposal 5: For RRC-based simultaneous BWP switching on multiple CCs, the delay shall be same as single CC (𝑇𝑅𝑅𝐶𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔+𝑇𝐵𝑊𝑃𝑠𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎𝑦  ) without extension.

2.2 Interruption
From the last meeting, the agreements and potential options of interruption requirements of simultaneous BWP switching is shown below:
	RAN4#94-e Agreement
Interruption requirements for simultaneous BWP switch
Agreement: Consider interruption on each CC separately
FFS on interruption length
· Option 1: Same interruption as Rel-15 single CC on each CC. 
· Option 2 :Extend interruption compared to single CC case; Extension depends on number of CCs undergoing simultaneous BWP switch
· Option 3a : Interruption length is determined by smallest SCS among all CCs before and after BWP switch
· Option 3b : ; K=1



For the interruption requirements, the views from companies are quite different. From our understanding, it is because the interruption requirements shall be divided to interruptions on aggressor CCs and victims CCs. For the aggressor CCs, which is the CCs that UE performing the BWP switching, the requirement shall keep aligned with current requirements that the UE is not required to transmit UL signals or receive DL signals during time switching delay.
Proposal 6: For the aggressor CCs, which is the CCs that UE performing the BWP switching, the requirement shall keep aligned with current requirements that the UE is not required to transmit UL signals or receive DL signals during time switching delay.
For interruption on victim CCs, the interruption caused by each CC where UE performing BWP switching shall be considered separately, and the length is same as Rel-15 single CC, which is the option 1 in the WF. For example, when the simultaneous BWP switching is performed on N CCs, it could cause N independent interruptions on victim CCs, and the length of each interruption is same as Rel-15 single CC.
Proposal 7: For interruption on victim CCs, the interruption caused by each CC where UE performing BWP switching shall be considered separately, and the length is same as Rel-15 single CC, which is the option 1 in the WF

3. Conclusions
Proposal 1: The incremental delay shall be defined per CC, which means K is equal to 1.
Observation 1: If K is equal 1, the incremental delay is actually an averaged value on each CC.
Proposal 2: D=100us for type 1 UE and D=200us for type 2 UE.
Proposal 3: The definition of N shall be defined respectively for Per-UE gap capable UE and Per-FR gap capable UE.
Proposal 4:
DCI-based:
, where the switching delay on single CC, D is 100us for type 1 BWP switching delay and 200us for type 2 BWP switching delay. For UE which is capable of per-FR gap, N is the number of simultaneous BWP switching triggered by DCI on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching triggered by DCI.
Timer-based:
, where the switching delay on single CC, D is 100us for type 1 BWP switching delay and 200us for type 2 BWP switching delay. For UE which is capable of per-FR gap, N is the number of simultaneous BWP switching triggered by BWP-inactivity timer on CCs within the same frequency range; For UE which is not capable of per-FR gap, N is the number of simultaneous BWP switching triggered by BWP-inactivity timer.
Proposal 5: For RRC-based simultaneous BWP switching on multiple CCs, the delay shall be same as single CC (𝑇𝑅𝑅𝐶𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔+𝑇𝐵𝑊𝑃𝑠𝑤𝑖𝑡𝑐ℎ𝐷𝑒𝑙𝑎𝑦  ) without extension.
Proposal 6: For the aggressor CCs, which is the CCs that UE performing the BWP switching, the requirement shall keep aligned with current requirements that the UE is not required to transmit UL signals or receive DL signals during time switching delay.
Proposal 7: For interruption on victim CCs, the interruption caused by each CC where UE performing BWP switching shall be considered separately, and the length is same as Rel-15 single CC, which is the option 1 in the WF
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