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Introduction
As part of NR RRM enhancement WI, RAN4 needs to define the interruption and BWP switching delay requirements when UE is configured or indicated to change BWP on multiple CCs. In this contribution, we provide our views on BWP switching on multiple CC. 
Discussion
In RAN4#92-Bis, WF [1] was agreed for BWP switching on Multiple CCs.  Candidate scenarios (case 1 and case 2) for which RAN4 needs to define requirements are shown below. Time
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Out of DCI based, timer based and RRC based BWP switching triggering mechanisms, all permutations and combinations may be possible. However, RAN4 should decide which scenarios to be prioritized in Rel-16. Once the scenarios are finalised, defining requirements should be relatively easy (as baseline requirements can reused and/or extended for multiple BWP switching case).  In table 1, we analyse for which scenarios RAN4 may define requirements in Rel-16 timeframe. 
Table 1: Requirement analysis for different cases
	Scenario
	Simultaneous trigger
	Non-simultaneous trigger

	DCI on CC1 and DCI on CC2
	Possible and can be specified
	Depends on Per-FR capability of UE. However, it looks like a rare case and not important. Therefore RAN4 should not specify requirements in R-16

	DCI on CC1 and Timer on CC2
	Possible but may be a rare case. Need not be specified
	Depends on Per-FR capability of UE. However, it looks like a rare case and not important. Therefore RAN4 should not specify requirements in R-16

	RRC on CC1 and DCI on CC2
	Seems like a rare case and need not be specified
	During RRC based BWP switching, interruption can be anywhere within the total RRC based BWP switching time (16ms). However, it depends on UE per-FR capability. If UE is capable of per-FR gap, it causes interruption on same FR and not on other FR. DCI based BWP switching on CC2 while RRC based BWP switching is going on CC2 is possible if CC2 is on  other FR. 

	Timer on CC1 and Timer on CC2
	Possible and can be specified
	Depends on Per-FR capability of UE. However, not important and should not be specified 

	RRC on CC1 and Timer on CC2
	Possible but again this may also be a rare case. Need not be  specified
	Unlike RRC and DCI case, in RRC and timer case, there is no BWP switch request needs to be received from gNB during the interruption of RRC BWP switching. Hence, RRC based and timer based is possible irrespective of UE per-FR capability. Therefore non simultaneous triggering of RRC and timer based BWP switch  is possible and requirements can be specified

	RRC on CC1 and RRC on CC2
	Possible and can be specified
	During RRC based BWP switching, interruption can be anywhere within the total switching time, so UE cannot receive any message from gNB during that interruption time. However, it depends on UE per-FR capability. If UE is capable of per-FR gap, it causes interruption on same FR only.  RRC based BWP switching on CC2 while RRC based BWP switching is going on in CC1 is possible when CC2 is in other FR.



Proposal 1: RAN4 should define the requirements for following cases 
Simultaneous case:
· DCI on CC1 and DCI on CC2
· Timer on CC1 and Timer on CC2
· RRC on CC1 and RRC on CC2  
Non-simultaneous case:
· RRC on CC1 and DCI on CC2 (when the CC’s are in different FR)
· RRC on CC1 and timer on CC2
· RRC on CC1 and RRC on CC2 (when the CC’s are in different FR)
BWP switching delay
In this section, we provide our views on the BWP switch delay for each of the highlighted scenarios in table 1. 
Simultaneous triggering case
DCI on CC1 and DCI on CC2: Since both of them triggered simultaneously, it can be same as existing single carrier requirement.  
Timer on CC1 and Timer on CC2: Since both of them triggered simultaneously, it can be same as existing single carrier requirement.  
RRC on CC1 and RRC on CC2: Since both of them triggered simultaneously, it can be same as existing single carrier requirement.  
Proposal 2: All simultaneous cases (DCI on CC1 and DCI on CC2, Timer on CC1 and Timer on CC2, and RRC on CC1 and RRC on CC2) can reuse respective single CC BWP switching requirements
Non-Simultaneous triggering case:
RRC on CC1 and DCI on CC2: 
As explained in the table 1, this case is possible only when UE has per-FR capability and other CC is in other FR. That means single CC RRC based BWP switching and single CC DCI based BWP switching requirement can be re-used in this case also.
Proposal 3: RRC based single CC BWP switching requirements and DCI based single CC BWP switching requirements can be re-used for RRC on CC1 and DCI on CC2 non-simultaneous triggering case.
RRC on CC1 and Timer on CC2:
As explained in the table, this scenario is possible irrespective of per-FR UE capability. Interruption can occur at any time for RRC based BWP switching during RRC BWP switch delay. Unless timer based BWP switching starts at the end of RRC based BWP switching procedure, timer based BWP switching should finish earlier than RRC based BWP switching. In this case, RRC based BWP switching has to be extended by the interruption length of timer based BWP switching. If RRC based BWP switching finishes earlier than timer based BWP switching, then timer based BWP switching should be extended by the interruption length of RRC based BWP switching. In other words, whichever BWP switching finishes later, that BWP switching length has to be extended by the amount of interruption length of BWP switching that finished earlier.
Proposal 4: The delay of the BWP switching type whichever finishes later should be extended by the interruption length of BWP switching type that finished earlier for RRC on CC1 and Timer on CC2.

RRC on CC1 and RRC on CC2:
As explained in the table, this case is possible only when UE has per-FR capability and other CC is in other FR. Since other CC is in other FR there is no interruption caused by one CC to other CC. That means single CC RRC based BWP switching delay can be re-used as it is for this case also. 

Proposal 5: RRC based single CC BWP switching requirements can be re-used for RRC on CC1 and RRC on CC2 non-simultaneous triggering case.
1. Conclusion
In this contribution, we have analysed the requirements for BWP switching on multiple CC and made the following proposals:
[bookmark: _GoBack]Proposal 1: RAN4 should define the requirements for following cases 
Simultaneous case:
· DCI on CC1 and DCI on CC2
· Timer on CC1 and Timer on CC2
· RRC on CC1 and RRC on CC2
Non-simultaneous case:
· RRC on CC1 and DCI on CC2 (when the CC’s are in different FR)
· RRC on CC1 and timer on CC2
· RRC on CC1 and RRC on CC2 (when the CC’s are in different FR)
Proposal 2: All simultaneous cases (DCI on CC1 and DCI on CC2, Timer on CC1 and Timer on CC2, and RRC on CC1 and RRC on CC2) can reuse respective single CC BWP switching requirements
Proposal 3: RRC based single CC BWP switching requirements and DCI based single CC BWP switching requirements can be re-used for RRC on CC1 and DCI on CC2 non-simultaneous triggering case respectively.
Proposal 4: The delay of the BWP switching type whichever finishes later should be extended by the interruption length of BWP switching type that finished earlier for RRC on CC1 and Timer on CC2.
Proposal 5: RRC based single CC BWP switching requirements can be re-used for RRC on CC1 and RRC on CC2 non-simultaneous triggering case.
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