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The discussion on delay requirements for BWP switching of multiple component carriers continued at RAN4#95-e, with a few unresolved issues collected in a Way Forward document [1].
In this contribution we are providing our input on those issues.
Discussion
Remaining issues for simultaneous BWP switching

Delay requirements for DCI/timer-based BWP switching

At RAN4#95-e it was agreed that a new UE capability is to be defined for BWP switching of multiple CCs. With reference to the general expression for the time required for switching BWP on N CCs (where K=1 shall be applied as agreed at RAN4#94-e-Bis)

the following capabilities are to be introduced:
· Type 1: D = 100us, 200us
· Type 2: D = 400us, 800us, 1000us
· Same capabilities apply for FR1 and FR2

Regarding the definition of N, it is still to be decided whether it is to be derived per frequency range or as a total number over all frequency ranges. As captured in the Way forward: 

Definition of  N : 
· Option 1: N is the number of CCs with simultaneous BWP switch.
· Option 2: For DCI and timer-based BWP switch on multiple CCs, for UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of simultaneous BWP switching 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 on both FR.

Our preferrence is that the same logic is followed as for whether the UE is allowed to cause interruptions to serving cells in other frequency ranges (see e.g. 38.133 clause 8.2.2.2.5). Hence we are supportive of Option 2.

Proposal 1: 	For simultaneously triggered DCI or timer-based BWP switching of multiple carriers, and under the condition that neither of the BWP switchings entails a change in SCS, the value of N is determined per frequency range for UE with per-FR gap capability, and as summation over all frequency ranges for UE with per-UE gap capability. This corresponds to Option 2 in the WF. 
Delay requirements for RRC-based BWP switching

At RAN4#95-e there was no conclusion on the delay requirement for RRC-based BWP switching of multiple CCs. With reference to the general expression for time required for switching BWP on N CCs,  

the value of DRRC is still to be decided. As captured in the Way forward:

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.

As we have pointed out in previous contributions, we think that after the RRC processing time, the BWP switchings can be considered to have been triggered.  What remains at this point is to effectuate the new BWP configurations. For single CC the time for effectuation is  = 6 ms. On the other hand, the time required per CC for changing BWP can be assumed to be on par with that required for the DCI/Timer-based BWP switching. Hence it should be possible to carry out BWP switching of more than one CCs during the time period . At the same time there will be some upper bound of how many BWP switchings can be carried out during. We therefore are supportive of Option 3.
	
Proposal 2: 	For simultaneously triggered RRC-based BWP switching on multiple CCs, the incremental time for switching of each additional CC is DRRC for switching on N≤3 CCs, otherwise DRRC = D as reported by UE for DCI and timer-based BWP switching. This corresponds to Option 3 in the WF.

Remaining issues for partially overlapping BWP switching
Delay requirements for timer-based BWP switching:

Following were the agreements related to the partially overlapping BWP switching on multiple CCs [1]:

Sub1: 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

Sub2: 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. 
Note: more clarification can be added for Tdelay and TBWPSwitchDelayTimer if identified necessary
· 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
Note: more clarification can be added for Tdelay and TBWPSwitchDelayTimer if identified necessary

Regardless of whether the UE supports per FR measurement gaps or not, at least within the same CG the UE will perform the BWP switching sequentially to avoid interruption to the ongoing BWP switching on a CC. The main open issue is whether the UE supporting per FR measurement gaps should also perform the BWP switching sequentially or in parallel across the CG. As agreed in RAN4#94e-bis-the number of CCs that can be processed simultaneously is 1 (i.e. K=1) for simultaneous BWP switch on multiple CCs. This means from UE implementation perspective it is more realistic that the partially overlap BWP switching on CCs across the CGs are also done sequentially. This also allows one generic requirements for the UE Regardless of whether the UE supports per FR measurement gaps or not. 

To derive the delay when BWP switching on all CCs across including for those across the CGs are done sequentially consider an example in figure 1. In this example assume the BWP switch delay for CC11 in CG1 is to be derived and on which the BWP switch is triggered at time, T4. But there is already an ongoing BWP switching on CC12 of CG1 that starting at time, T1. Further assume, the BWP switch on CC21 and CC22 are also triggered at T3 and T2 respectively but before T1 and while BWP switching on CC12 is already ongoing. Since T1 < T2 < T3 < T4, therefore the BWP switch on CC11 will be done after the BWP switch on all the other CCs is completed. 

In the worst case the total BWP switch delay for CC11 will be 4* TBWPSwitchDelayTimer assuming the BWP switch on CC11 was triggered in the beginning of the ongoing BWP switching on CC12. Based on this analysis a generic delay requirement can be derived.
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Figure 1: An example of timer-based partially overlap BWP switching done sequentially on all CCs across both CGs

Proposal 3: 	Timer-based BWP switch on all CCs including across the two CGs are performed sequentially.   

Proposal 4: 	Define one set of requirements for timer-based BWP switch on multiple CCs regardless of whether the UE supports per FR measurement gaps or not.   

Proposal 5: 	The partially overlap timer-based BWP switch delay (TMultipleBWPSwitchDelayTimer) for a CC (CC1) can be expressed as follows:
TMultipleBWPSwitchDelayTimer = (1+M)*TBWPSwitchDelayTimer
where:
· M=0 when the timer-based BWP switch is triggered on CC1, no timer-based BWP switch is ongoing on any other CC.
· M> 0 if the timer-based BWP switch is triggered on CC1 and a timer-based BWP switch is ongoing on another CC (CC2).
· (M-1) is the number of CCs on which the timer-based BWP switch is triggered before the triggering of the timer-based BWP switch on CC1 but while the timer-based BWP is ongoing on CC2.

Delay requirements for RRC-based BWP switching:

Following were the agreements related to the RRC-based BWP switching on multiple CCs [1]:

Sub1: 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
Sub2: 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

On the first issue (sub1) as also discussed in the last meeting that according TS 38.133 section 12:

“In case the RRC procedure triggers BWP switching, the RRC procedure delay is the value defined in the following table plus the BWP switching delay defined in TS 38.133 [14], clause 8.6.3.”

From the above it is clear that RRC processing time when triggering BWP switch includes RRC procedure delay and BWP switch delay. In any case RAN4 will refer the RRC processing time to TS 38.331.

The second issue (sub2) in related to the first issue (sub1). The UE processes the RRC messages sequentially according to TS 38.331. If we consider option 1 in sub1, then UE will have to wait until the completion of BWP switch before it can start processing another RRC message triggering the BWP switch. This means when the UE receives RRC message to switch BWP on CC1 in the CG2 while it is performing the BWP switch on CCs on CG1 then the UE will have to wait before the BWP switch on CCs in CG1 is completed. Therefore, we support option 1. 

Proposal 6: 	The RRC processing time for RRC-based BWP switch includes RRC procedure delay in Table 12.1-1, 38.331 and RRC based BWP switching delay in section 8.6.3, 38.133.   

Proposal 7: 	Delay requirement for RRC based BWP switch for CG2 is upper bounded by the multiple BWP switch time in CG1. 
Summary and Conclusion
In this contribution we have provided input on remaining issues for BWP switching on multiple CCs. 
The following proposals are made regarding simultaneously triggered BWP switching: 
Proposal 1: 	For simultaneously triggered DCI or timer-based BWP switching of multiple carriers, and under the condition that neither of the BWP switchings entails a change in SCS, the value of N is determined per frequency range for UE with per-FR gap capability, and as summation over all frequency ranges for UE with per-UE gap capability. This corresponds to Option 2 in the WF. 

Proposal 2: 	For simultaneously triggered RRC-based BWP switching on multiple CCs, the incremental time for switching of each additional CC is DRRC for switching on N≤3 CCs, otherwise DRRC = D as reported by UE for DCI and timer-based BWP switching. This corresponds to Option 3 in the WF.

The following proposals are made regarding partially overlapping BWP switching: 
Proposal 3: 	Timer-based BWP switch on all CCs including across the two CGs are performed sequentially.   

Proposal 4: 	Define one set of requirements for timer-based BWP switch on multiple CCs regardless of whether the UE supports per FR measurement gaps or not.   

Proposal 5: 	The partially overlap timer-based BWP switch delay (TMultipleBWPSwitchDelayTimer) for a CC (CC1) can be expressed as follows:
TMultipleBWPSwitchDelayTimer = (1+M)*TBWPSwitchDelayTimer
where:
· M=0 when the timer-based BWP switch is triggered on CC1, no timer-based BWP switch is ongoing on any other CC.
· M> 0 if the timer-based BWP switch is triggered on CC1 and a timer-based BWP switch is ongoing on another CC (CC2).
· (M-1) is the number of CCs on which the timer-based BWP switch is triggered before the triggering of the timer-based BWP switch on CC1 but while the timer-based BWP is ongoing on CC2.

Proposal 6: 	The RRC processing time for RRC-based BWP switch includes RRC procedure delay in Table 12.1-1, 38.331 and RRC based BWP switching delay in section 8.6.3, 38.133.   

Proposal 7: 	Delay requirement for RRC based BWP switch for CG2 is upper bounded by the multiple BWP switch time in CG1. 
A CR covering the proposals is provided in [2].
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