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1. Introduction
In RAN#88-e plenary meeting, the exception sheet for RRM enhancement has been approved in [1]. And the remaining open issues for the following RRM requirement are aimed to be concluded in this meeting:
· BWP switching on multiple CCs
· UL spatial relation change
· SRS carrier-based switching requirements
· CGI reading requirements with autonomous gap
· FR2 inter-band CA RRM
In this contribution, we would like to discuss the remaining issues on BWP switching on multiple CCs and provide our proposals.
2. Discussion
Simultaneous BWP switching on multiple CCs
In last meeting, RAN4 had reached the conclusion on the value of D for the delay of DCI/timer based BWP switch. However how to define N is FFS. And for RRC based BWP switch delay, the value of D is FFS. The related agreement were captured in agreed WF [2], which are copied as follows:
	Delay requirements for DCI/timer based BWP switch
; 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: 
   - Agreement in 2st round: 
· 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
· 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
Delay requirements for RRC based BWP switch
; 
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.


According to previous meetings, whether the N shall be defined based on per-UE gap capable UE or per-FR gap capable UE. In my understanding, for per-FR capable UE, the BWP switching on one FR shall not impact the BWP switching on the other FR. As the scaled part of the formula  is considered for the extra delay due to RF operations. Hence, we support option 2 in [2] for the definition of N.
Proposal 1: 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.
Regarding the extended delay for RRC based BWP switching on multiple CCs, we think the similar scaling part defined for DCI/Timer based BWP switching shall be introduced for RRC based BWP switching, hence, we support option 2 in [2].
Proposal 2: The extended delay for RRC based BWP switch (DRRC) shall be the same as that for DCI/timer based BWP switch.

Partial Overlap BWP switching on multiple CCs
	Timer based BWP switch 
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


For timer based BWP switching, if UE is capable of per-FR gap and the timer based BWP switching happens in two frequency range, whether UE handled timer-based BWP switch in parallel or sequentially is FFS. From our understanding, the timer based BWP switching occurs when the UE is not explicitly scheduled with a BWP after the timer expires, and the UE will automatically switch to the default BWP. Hence, we prefer to define the requirement that allow UE to handle timer based BWP switch sequentially.
Proposal 3: If UE is capable of per-FR gap and the timer based BWP switching happens in two frequency range, the UE is assumed to change timer-based BWP switch in sequentially.

Regarding the delay requirement for timer based BWP switch, we prefer option 1 in [2] to define the delay requirement for timer based BWP switching. From UE implementation point of view, UE is allowed to process the timer based switch sequentially irrespective of FR gap capability. Hence, the delay requirement can be defined as TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , where TDelay is the time delayed by ongoing BWP switching on other single or multiple CCs, which can be N* TBWPSwitchDelayTimer (N is the number of ongoing BWP switch on CCs).
Proposal 4: the delay requirement for partial overlap timer based BWP switching is defined as TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , 
Where TDelay is the time delayed by ongoing BWP switching on other single or multiple CCs, which can be N* TBWPSwitchDelayTimer (N is the number of ongoing BWP switch on CCs);
TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or multiple CCs.

	RRC based BWP switch 
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


For partial overlap RRC based BWP switching, according to 38.331, RRC processing time for BWP switch include the BWP switching delay. Thus, we support option 1 in [2].
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.
Proposal 5: 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.)
For the delay requirement for partial overlap RRC based BWP switching, we think the RRC procedure should be processed sequentially, in other word, after receiving one RRC based BWP switch command, UE should switch the BWP and send RRC reconfiguration complete message to the network before starting to process another RRC based BWP switch command. Hence, we support option 1 in [2].
Proposal 6: For the delay requirement for partial overlap RRC based BWP switching, the upper bounded by the multiple BWP switch time in CG1 shall be considered.
3. Conclusion
In this contribution, we discuss the remaining issues on BWP switching on multiple CCs and provide our proposals as follows:
Proposal 1: 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.
Proposal 2: The extended delay for RRC based BWP switch (DRRC) shall be the same as that for DCI/timer based BWP switch.
Proposal 3: If UE is capable of per-FR gap and the timer based BWP switching happens in two frequency range, the UE is assumed to change timer-based BWP switch in sequentially.
Proposal 4: the delay requirement for partial overlap timer based BWP switching is defined as TBWPSwitchDelayPartialOverlapTimer = TDelay + TBWPSwitchDelayTimer , 
Where TDelay is the time delayed by ongoing BWP switching on other single or multiple CCs, which can be N* TBWPSwitchDelayTimer (N is the number of ongoing BWP switch on CCs);
TBWPSwitchDelayTimer is the timer-based BWP switch delay on current single CC or multiple CCs.
Proposal 5: 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.)
Proposal 6: For the delay requirement for partial overlap RRC based BWP switching, the upper bounded by the multiple BWP switch time in CG1 shall be considered.
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