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1. Introduction 
In RAN4#94e-Bis 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
Requirements for Simultaneous Triggering
The agreements in [1] related to simultaneously triggered BWP switching:
	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
K = 1
D is FFS

Delay requirements for RRC based BWP switch
; 
Where DRRC is FFS

Interruption requirements for simultaneous BWP switch
The length of each separate interruption caused by each CC where UE performs BWP switching is same as Rel-15 single CC




Delay requirements for DCI/timer-based BWP switch
For DCI and timer-based BWP switching with simultaneous triggering on multiple CCs, 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. K was agreed as 1. 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 on the CCs. D is the processing time for RF and baseband processing and RF adjustment. The options for D discussed in RAN4#94e-Bis 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.

Proposal #1: For DCI/ timer-based BWP switch with simultaneous triggering, define D = 450us for Type 1; 1.5ms for Type 2 UE.

Delay requirements for RRC based BWP switch
For RRC based BWP switch on multiple CCs with simultaneous triggering, in [1] the agreement for switching delay was 
	;
In case of RRC based BWP switching the delay components include RRC processing time, RF/ baseband processing, RF adjustment and AGC settling time. Since RRC processing and AGC settling can be handled in parallel for all CCs, the incremental delay would consist of time for RF/ baseband processing, RF adjustment. 
The options for DRRC discussed in RAN4#94e-Bis were: 
· DRRC = 1.5ms
· DRRC = 0
In case of DRRC = 0, the assumption is that all CCs BWP switching can be completed within 6ms. This requirement is very tight. We propose to define DRRC = 1.5ms to account for extra time for RF/ baseband processing and RF adjustment time on each CC.
Proposal #2: For RRC based BWP switch with simultaneous triggering, define DRRC = 1.5ms. 

Requirements for Partial Overlap Triggering
The agreements in [1] related to partial overlap triggered BWP switching:
	Conditions for requirements with partial overlap switch
For DCI and RRC based BWP switch with partial overlap, partial overlap is defined for FR1+FR2 in NR-DC when UE is capable of per FR gap.

Delay requirements for DCI based BWP switch 
No extra waiting time is considered. Re-use the switching delay requirements from single CC and simultaneous triggering case. 
Delay requirements for Timer based BWP switch 
Timer-based BWP switch should be delayed by ongoing timer-based BWP switch.
UE should be allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner for non-simultaneous Timer-based BWP switch in the same FR, i.e. additional TDelay is allowed, where TDelay is the time delayed by ongoing BWP switching on other CCs.
· It is FFS how to address the impact from partial overlap BWP switching in the other FR.

Delay requirements for RRC based BWP switch 
It is FFS whether extra waiting time should be defined. If the extra waiting time is needed, it should be upper bounded by 
	option 1: the multiple BWP switch delay of the 1st CG.
	option 2: the RRC processing time in the 1st CG.



Conditions for requirements with partial overlap switch
The conditions to define requirements with partial overlap BWP switch for RRC and DCI based triggering is when BWP switching on one CC or group of simultaneously triggered CCs doesn’t cause an interruption during BWP switch such that the BWP switch command can be successfully received on the 2nd CC (or group of CCs). In [1] the agreement is to define requirements for partial overlap switch for FR1+FR2 in NR-DC when UE is capable of per FR gap. In 38.133, section 8.2.2.2.5, BWP switch can cause interruption on other active CCs for DCI based switch if BWP switch involves SCS change or UE doesn’t support per-FR gap. In case of RRC based BWP switch, in addition to the conditions for interruption from DCI based BWP switch, interruption can also be caused when BWP switch involves change in any of the parameters listed in the table below.
Table 1: Parameters which cause interruption other than SCS
	Parameters
	Comment

	locationAndBandwidth
	From TS 38.331 

	nrofSRS-Ports
	

	Editor’s note: More parameters can be added if identified 



Observation #1: DCI and RRC based BWP switch can cause interruption due to BWP switch involving SCS change. RRC based BWP switch can cause interruption due to change in parameters involving locationAndBandwidth or nrofSRS-Ports
Hence the conditions for when BWP switch requirements with partial overlap are not applicable should be extended to all cases that cause interruption on other active CCs. We propose to extend the conditions for which DCI and RRC based BWP switch requirements are defined. DCI and RRC based partial overlap BWP switch should be defined for FR1+FR2 NR-DC operation when BWP switch on one CC (or set of CCs) doesn’t cause interruption on another CC or set of CCs.
Proposal #3: DCI based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
Proposal #4: RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when UE supports per-FR gap and BWP switch doesn’t involve change in SCS or change in parameters for locationAndBandwidth or nrofSRS-Ports. 
Delay requirements for Timer based BWP switch 
In [1] it was agreed that for timer based BWP switch with partial overlap, UE should be allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner for BWP switch in the same FR, i.e. additional TDelay is allowed; where TDelay is the time delayed by ongoing BWP switching on other CCs. For the case of timer-based BWP switch partial overlap, we need to discuss the delay requirements on a case-by-case basis. 
TS 38.213 specifies the following for partially overlapped timer-based BWP switch:
When a UE's BWP inactivity timer for a cell within FR1 (or FR2) expires within a time duration where the UE is not required to receive or transmit for an active UL/DL BWP change in the cell or in a different cell within FR1 (or FR2), the UE delays the active UL/DL BWP change triggered by the BWP inactivity timer expiration until a subframe for FR1 or half a subframe for FR2 that is immediately after the UE completes the active UL/DL BWP change in the cell or in the different cell within FR1 (or FR2). 
In the above, sequential processing of partially overlapped BWP switch are for BWP inactivity timer expiry within the same FR. Hence, the sequential processing for timer-based switch would be applicable when CCs are in the same FR, i.e., FR1 CA, FR2 CA and FR1-FR1 NR-DC operation. 
Observation #2: Sequential processing of partially overlapped BWP switch due to inactivity timer expiry is within same FR.
[image: ]
Figure 1: Timer based partial overlap with sequential processing
Hence, for FR1 CA, FR2 CA and, FR1-FR1 NR-DC operation the UE shall handle the BWP switch sequentially and the total delay can be defined as N*TBWPSwitchDelay. Where N is the number of CCs undergoing partial overlap switch. 
Proposal #5: For FR1 CA, FR2 CA and FR1-FR1 DC operation, the delay for timer based partial overlap switch, the delay requirement shall be defined as N*TBWPSwitchDelay.
In case of partial overlap switch in different FR - FR1+FR2 CA and FR1+FR2 NR-DC, when BWP inactivity timer expires during an ongoing BWP switch in another FR, the UE would be able to start the BWP switch on the 2nd CC, provided the BWP switch on 1st CC didn’t cause an interruption on the 2nd CC. If UE supports per-FR gap and the BWP switch on CC1 didn’t involve SCS change, BWP switch on CC2 would be processed after timer expiry, without additional delay. In case UE supports per-UE gap or the BWP switch on CC1 involves SCS change, the BWP switch processing on CC2 shall be delayed until the first BWP switch is complete. 
[image: ]
Figure 2: Timer based partial overlap processing without additional delay
Proposal #6: For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-FR gap and BWP switch doesn’t involve SCS change, switching delay for timer based partial overlap case shall be same as single CC on each of the CCs

Proposal #7: For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-UE gap or BWP switch involves SCS change, switching delay for timer based partial overlap case will be defined as N*TBWPSwitchDelay.

Delay requirements for RRC based BWP switch 
For RRC based partial overlap BWP switch, based on RRC processing defined in TS 38.331, section 5.1.2 the UE shall process RRC messages sequentially. 
The UE shall: 
1> process the received messages in order of reception by RRC, i.e. the processing of a message shall be completed before starting the processing of a subsequent message; 
NOTE: Network may initiate a subsequent procedure prior to receiving the UE's response of a previously initiated procedure. 
In the last meeting, it was FFS if extra waiting time needs to be considered and what the extra waiting time should be bounded by. If the extra waiting time is needed, it should be upper bounded by 
	option 1: the multiple BWP switch delay of the 1st CG.
	option 2: the RRC processing time in the 1st CG.

From 38.331, Section 12, the RRC procedure delay for BWP switching is stated as including RRC processing time and BWP switch time as highlighted below.
The UE performance requirements for RRC procedures are specified in the following tables. The performance requirement is expressed as the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation). 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. 
[image: ]
Figure 3: RRC based partial overlap switch processing
As illustrated in the above figure, the RRC processing of CC2 shall be delayed until the BWP switch on CC1 is completed. In case of simultaneous BWP switch on CG1, the RRC processing on CG2 shall after simultaneous BWP switch on CG1. We propose that extra waiting time should be considered for RRC based BWP switch for partial overlap case and that the extra delay should be upper bounded by the multiple BWP switch time in CG1.
Proposal #8: For RRC based BWP switch with partial overlap, extra waiting time should be considered, and the extra delay should be upper bounded by the multiple BWP switch time in CG1.


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.

Proposal #2: For RRC based BWP switch with simultaneous triggering, define DRRC = 1.5ms. 
For partial overlap triggering
Observation #1: DCI and RRC based BWP switch can cause interruption due to BWP switch involving SCS change. RRC based BWP switch can cause interruption due to change in parameters involving locationAndBandwidth or nrofSRS-Ports
Proposal #3: DCI based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when BWP switch doesn’t involve SCS change and UE supports per-FR gap.
Proposal #4: RRC based BWP switch with partial overlap are defined for FR1+FR2 in NR-DC operation, when UE supports per-FR gap and BWP switch doesn’t involve change in SCS or change in parameters for locationAndBandwidth or nrofSRS-Ports. 
Observation #2: Sequential processing of partially overlapped BWP switch due to inactivity timer expiry is within same FR.
Proposal #5: For FR1 CA, FR2 CA and FR1-FR1 DC operation, the delay for timer based partial overlap switch, the delay requirement shall be defined as N*TBWPSwitchDelay.
Proposal #6: For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-FR gap and BWP switch doesn’t involve SCS change, switching delay for timer based partial overlap case shall be same as single CC on each of the CCs

Proposal #7: For FR1+FR2 CA and FR1+FR2 NR-DC operation, if UE supports per-UE gap or BWP switch involves SCS change, switching delay for timer based partial overlap case will be defined as N*TBWPSwitchDelay.
Proposal #8: For RRC based BWP switch with partial overlap, extra waiting time should be considered, and the extra delay should be upper bounded by the multiple BWP switch time in CG1.
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