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1. Introduction 
In RAN4#94e RRM requirements for BWP switching on multiple CCs was discussed and way forward [1] was approved. In this contribution, we provide our views on the remaining open issues related to BWP switching on multiple CCs. 
2. Discussion
2.1 Requirements for Simultaneous Triggering
The agreements in [1] related to simultaneously triggered BWP switching:
	RRC based simultaneous triggering for NR-DC operation
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
 ; 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.
Interruption requirements for simultaneous BWP switch
Consider interruption on each CC separately.




DCI and Timer based BWP switch
For DCI and timer based BWP switching with simultaneous triggering on multiple CCs, the delay components can be split as processing delay for command decoding that can happen in parallel for all CCs and RF and baseband processing and RF adjustment that needs to happen sequentially. The delay was agreed in [1] as , where TBWPSwitchDelay is the BWP switch delay on single CC and D is the incremental delay for BWP switch on other CCs. D is the processing time for RF and baseband processing and RF adjustment. The options for D discussed in RAN4#94e were:
· D=100us for Type 1; 200 us for Type 2
· D = 450us for Type 1; 1.5ms for Type 2 
Taking into account the sequential processing time on multiple CCs, D=450us for Type 1 and 1.5ms for Type 2 UE is reasonable. We propose to use D = 450us for Type 1; 1.5ms for Type 2.
Also, in [1] the value of K was FFS. The options for K discussed were:
· K=1 
· K based on UE capability indication
Taking worst case UE implementation into account, we propose to have K=1 for simultaneous BWP switching. 
Proposal #1: For DCI/ timer based BWP switch with simultaneous triggering, define D = 450us for Type 1; 1.5ms for Type 2 UE and define K=1. 
RRC based BWP switch
For RRC based BWP switch on multiple CCs with simultaneous triggering, the delay components include RRC processing time, RF/ baseband processing, RF adjustment and AGC settling time. In [1] the options for switching delay for RRC based BWP switch were:
· 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 the options discussed in [1], with option 1 the delay is very long and with option 2, it would not be possible to complete the RF/ baseband processing, RF adjustment and AGC settling on all CCs within the same time as allowed for a single CC. The RRC processing can be done in parallel on all CCs and need not be scaled by the number of CCs. The delay components of  are RF/ baseband processing time, RF adjustment, AGC settling time. Of these delay components, except AGC settling, the rest of the processing needs to be performed sequentially on multiple CCs. Assuming that UE can only process 1 CC at a time, the switching delay for RRC based BWP switch on multiple CCs would be:

Where DRRC is the incremental delay for processing each CC accounting for RF/baseband processing and RF adjustment time and can be defined as DRRC = 1.5ms.
Proposal #2: Define RRC based BWP switching delay on multiple CCs as ; Where DRRC = 1.5ms.

Interruption requirements
In [1] the interruption requirements were agreed to be considered due to BWP switch on each CC separately. When we have K=1, the interruption on each CC due BWP switching on another CC is the same as single CC case.
Observation #1: With K=1, the interruption on each CC due to simultaneous triggering of multiple BWP switch is the same as single CC.
The interruption requirements for single CC case can be reused for multiple CCs with simultaneous triggering with K=1. 
Proposal #3: The interruption requirements for BWP switch on single CC can be re-used for multiple CCs with simultaneous triggering with K=1.

2.2 Requirements for Partial Overlap Triggering
The agreements in [1] related to partial overlap triggered BWP switching:
	Conditions when requirements for partial overlap BWP switch are defined
For DCI and RRC based BWP switch with partial overlap switch requirements are defined only defined when UE is capable of per FR gap. No restriction for timer based.
DCI based partial overlap BWP switch for NR-DC
DCI based partial overlap BWP switch for NR-DC is defined.
Interruption requirements for partial overlap BWP switch
Same as single CC, considered on each CC separately. 



DCI and RRC based BWP switch
In [1] it was agreed that requirements with partial overlap BWP switch would be defined only when UE is capable of per FR gap for DCI and RRC based BWP switch. With this restriction, the switching delay would be the same as single CC case when there are 2 CCs in each FR with partial overlap triggering. 
Observation #2: The BWP switching delay for partial overlap triggering with 1 CC in each FR would be the same as single CC case.
For the case when there are multiple CCs in each FR undergoing simultaneous BWP switch, the switching delay would be that from BWP switch with simultaneous triggering. 
Observation #3: The BWP switching delay for partial overlap triggering with multiple CCs in each FR undergoing simultaneous BWP switch would be the same as that for simultaneous triggering.
Based on the above observations, for DCI and RRC based BWP switch with partial overlap triggering, the switching delay requirements from single CC and simultaneous triggering case can be re-used. 
Proposal #4: For DCI and RRC based BWP switch with partial overlap triggering, re-use the switching delay requirements from single CC and simultaneous triggering case

Timer based BWP switch
For timer based BWP switch with partial overlap triggering, in [1] it was agreed that no restriction on UE capability of per FR gap shall be imposed. With no restriction, the UE might need to wait until BWP switch on first CC is complete to start the BWP switch on the next CC, as CC1 might cause an interruption on CCs or the RF and baseband processing might be impacted based on the BWP switch on CC1. Hence with partial overlap triggering, the overlapped CCs need to be processed sequentially and this leads to total delay of N*TBWPSwitchDelay. 
[bookmark: _Hlk37280837]Observation #4: With partial overlap triggering, the BWP switch on CCs needs to be processed sequentially resulting in switching delay of N*TBWPSwitchDelay.
When the CCs are within the same CG there would be co-ordination between the cells and the network would be aware of the switching delay in partial overlap case to schedule data on the new BWP after the required delay.
For NR-DC case when there is no co-ordination between different CGs, the network would not be aware of the actual delay with partial overlap triggering. Hence we recomment to restrict partial overlap triggering for timer based BWP switch in NR-DC to UE supporting per FR gap. 
Proposal #5: For timer based BWP switch with partial overlap in NR-DC operation is only defined when UE supports per FR gap.
In NR-DC, for timer based BWP with partial overlap same delay requirements as single CC and simultaneous triggering case with multiple CCs can be used. 
Proposal #6: In NR-DC, for timer based BWP switch with partial overlap triggering re-use the switching delay requirements from single CC and simultaneous triggering case.
For NR-CA operation, with timer based BWP switch with partial overlap triggering, the delay requirement shall be N*TBWPSwitchDelay.
Proposal #7: In NR-CA, for timer based BWP switch with partial overlap triggering the switching delay is defined as N*TBWPSwitchDelay.
3. Conclusion
In this paper, we provide our views on the remaining open issues related to BWP switching on multiple CCs. Our observations and proposals are captured below:
For simultaneous triggering:
Proposal #1: For DCI/ timer based BWP switch with simultaneous triggering, define D = 450us for Type 1; 1.5ms for Type 2 UE and define K=1. 
Proposal #2: Define RRC based BWP switching delay on multiple CCs as ; Where DRRC = 1.5ms.
Observation #1: With K=1, the interruption on each CC due to simultaneous triggering of multiple BWP switch is the same as single CC.
Proposal #3: The interruption requirements for BWP switch on single CC can be re-used for multiple CCs with simultaneous triggering.
For partial overlap triggering:
Observation #2: The BWP switching delay for partial overlap triggering with 1 CC in each FR would be the same as single CC case.
Observation #3: The BWP switching delay for partial overlap triggering with multiple CCs in each FR undergoing simultaneous BWP switch would be the same as that for simultaneous triggering.
Proposal #4: For DCI and RRC based BWP switch with partial overlap triggering, re-use the switching delay requirements from single CC and simultaneous triggering case with K=1.
Observation #4: With partial overlap triggering, the BWP switch on CCs needs to be processed sequentially resulting in switching delay of N*TBWPSwitchDelay.
Proposal #5: For timer based BWP switch with partial overlap in NR-DC operation is only defined when UE supports per FR gap.
Proposal #6: In NR-DC, for timer based BWP switch with partial overlap triggering re-use the switching delay requirements from single CC and simultaneous triggering case.
Proposal #7: In NR-CA, for timer based BWP switch with partial overlap triggering the switching delay is defined as N*TBWPSwitchDelay.
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