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1. Introduction
BWP switch delay and interruption requirement over multiple CCs has been discussed within the Rel-16 time frame and most part of requirements were finished at RAN4 95e meeting. A few issues are still open and solutions for these open issues are discussed in this contribution. 
2. Discussion
2.1 Simultaneously cases
Based on [1], for the DCI/timer and RRC based simultaneously BWP switch over multiple CCs, the following agreements have been achieved at RAN4 95e meeting. 

Agreement: 
Delay requirements for DCI/timer based BWP switch:
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; 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

· Value of D: 

· Define new UE capabilities for BWP switching on multiple CCs

· Type 1: D = 100us, 200us

· Type 2: D = 400us, 800us, 1000us

· Same capabilities apply for FR1 and FR2
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Where DRRC is FFS.

· Option 1: DRRC = 0ms 

· Option 2: DRRC = D (agreed value for DCI/timer based BWP switch)
· Option 3: if N<=3, re-use the existing requirement. if N>3, DRRC =D. where N is the total number of CCs.
The left issue is the delay requirements for RRC based BWP switch, the agreement in [1] is copied below and three options are available for DRRC
Our view is the difference on the switch delay between RRC based and DCI/timer based simultaneously BWP switch over multiple CCs has already been absorbed into the first part of the formula of the switch delay and the length of the scaled part of the switch delay, which is accounting for the RF operations etc., should be same. 
Proposal 1: Use option 2 DRRC = D for simultaneously RRC based BWP switch.
In the case if it is concerned that the value is too relaxed when the value N is large, an upper bound Nbound could be defined. When the value of N is larger than this upper bound, the value of scaled part could be bound by DRRC *(Nbound -1), i.e., the switch delay will not go up when N is larger than Nbound.   
Proposal 2: An upper bound Nbound on N could be defined and the total switch delay will not further increase when N is larger than Nbound.

2.2 Partial overlapping cases

2.2.1 Delay requirements for Timer based BWP switch 
Two following two issues are left from RAN4 95e meeting:
Issue 1: if UE is capable of per-FR gap and the timer based BWP switch happens in two frequency range, whether UE handled timer-based BWP switch in parallel or sequentially

· Option 1: in parallel
· Option 2: sequentially
Issue 2: Delay requirement for timer based BWP switch
· Option 1: Don’t differentiate UE capability of per-FR gap 
TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple CCs. 
· Option 2: Dependent on the UE capability of per-FR gap
      Requirements are defined when when BWP switch doesn’t involve SCS change 
For UE capable of per-FR gap:

TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered 
multiple CCs within the same frequency range. TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple 
CCs. 
For UE not capable of per-FR gap:

TDelay+TMultipleBWPSwitchDelay, where TDelay is the time delayed by ongoing timer-based BWP switching with in the same frequency range; 
TMultipleBWPSwitchDelay is TBWPSwitchDelay+ D(N-1), N is the number of timer-based BWP switch on CCs in the other FR of which the time periods 
of BWP switching delay are overlapped with TNonSimultaneousTimer, and D is the incremental delay, which is same as that of simultaneous BWP 
switch on multiple CCs
We think the two issues should be jointly considered. For issue 1, option 2 is preferred for simplicity reason and if option 2 is used for issue 1, it is naturally to use option 1 for issue 2. 
Based on option 1, TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or simultaneously triggered multiple CCs and TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or simultaneously triggered multiple CCs. TBWPSwitchDelayTimer could be expressed as TBWPSwitchDelay+ D*(N-1), where D is defined in the DCI/timer based simultaneously BWP switch requirement and N is the total number of involved   
Proposal 3: For issue 1, option 2 is preferred, i.e., UE handled timer-based BWP switch sequentially. For issue 2, option 1 should be selected if option 2 is used for issue 1, i.e., delay requirement is not differentiated when a UE is per-FR gap capable or not. 
2.2.2 Delay requirements for RRC based BWP switch 
Again, two issues are left for this area:
Issue 1: Whether RRC processing time is equal to BWP switch time in RAN2 (In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table (Table 12.1-1 in TS 38.331) plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.)
· Option 1: Yes
· Option 2: No
Issue 2: Delay requirement for RRC based BWP switch
· Option 1:upper bounded by the multiple BWP switch time in CG1.
· Option 2:upper bounded by the RRC processing time in the 1st CG.
· Option 3:No need to introduce the waiting time for RRC based partial overlap BWP switching on multiple CCs, and the delay requirements for simultaneous BWP switch on multiple CCs shall be reused
The issue for discussion is whether extra waiting time should be defined and if it is needed, how large it is. Based on the discussion of RAN4 94 e bis meeting the extra waiting time should be introduced based on RAN2’s procedure. As the current delay of RRC procedure triggering BWP switch consists of RAN2’s RRC procedure delay plus the BWP switch delay, the upper bound of the waiting time should be the multiple BWP switch delay of the 1st CG.
Proposal 4: Use option 1 for both issue 1 and issue 2. 
3. Conclusion
In this paper, we provide our analysis on BWP switching over multiple CCs and we have the following proposals: 
Proposal 1: Use option 2 DRRC = D for simultaneously RRC based BWP switch.
Proposal 2: An upper bound Nbound on N could be defined and the total switch delay will not further increase when N is larger than Nbound.

Proposal 3: For issue 1, option 2 is preferred, i.e., UE handled timer-based BWP switch sequentially. For issue 2, option 1 should be selected if option 2 is used for issue 1, i.e., delay requirement is not differentiated when a UE is per-FR gap capable or not. 
Proposal 4: Use option 1 for both issue 1 and issue 2. 
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