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1 Introduction
A WF [1] was agreed in last meeting, the open issues are captured below. 
	· Simultaneous BWP switching on multiple CCs
· 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.

· Partial Overlap BWP switching on multiple CCs
· Delay requirements for 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

· Delay requirements for 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 


In this paper, we provide our view on the open issues.
2 Discussion
[bookmark: _Ref23594810]Delay Requirements of simultaneous triggered DCI-based or timer-based BWP switch
In last meeting, there was an agreement for parameter D. For Type 2 UE, D can be 400us, 800us, 1000us based on UE’s capability. However, in RAN1 spec, there is a limitation on BWP switch delay which shall be smaller than PDSCH reception or PUSCH transmission. Thus, the duration of DCI-based BWP switching shall be no larger than K0, K2 which are used to schedule for UE’s PDSCH reception and PUSCH transmission.
	TS38.213 section 12
A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating respectively an active DL BWP or an active UL BWP change with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP change or UL BWP change [10, TS 38.133].


[bookmark: _GoBack]This BWP switch delay limitation hereafter will impact the maximum activation number for dormancy SCell simultaneously. From the figure below, the activation delay for FR2 dormancy SCell will be extended to larger than the HARQ scheduling limitation. When extension delay D = 0.8/1 ms for multiple BWP switch, the simultaneous activation SCell number will be at most only 2 cells. The intention on introducing dormancy SCell in Rel-16 is to speed up the SCell activation time, such that Network will be more willing to allow UE to enter the SCell dormancy. Dormancy SCell is very helpful to user experience by power saving, especially in FR2. If the maximum simultaneous activation number for dormancy SCell is at most only 2 cells, it would limit the usage scenarios of dormancy SCell and reduce its power saving ability.     
	SCS(KHz)
	Single BWP switch delay(ms)
	Multiple BWP extension D(ms)
	Multiple dormancy SCell activation delay(N=7)(ms)
	HARQ schedule limitation from RAN1(ms)

	15
	3
	0.4
	5.4
	32

	
	
	0.8
	7.8
	

	
	
	1
	9
	

	30
	2.5
	0.4
	4.9
	16

	
	
	0.8
	7.3
	

	
	
	1
	8.5
	

	60
	2.25
	0.4
	4.65
	8

	
	
	0.8
	7.05
	

	
	
	1
	8.25
	

	120
	2.25
	0.4
	4.65
	4

	
	
	0.8
	7.05
	

	
	
	1
	8.25
	


[bookmark: _Ref20944033]Thus, it is suggested to send a LS to RAN1 to check whether currently RAN4’s agreement is applied for HARQ processing timeline design in dormancy SCell.  
[bookmark: _Ref46569007]Proposal 1: Send LS to RAN1 to clarify whether currently RAN4’s agreement for multiple BWP switch is applied for HARQ processing timeline design in dormancy SCell.
	1. Overall Description:
RAN4 had defined the DCI-based simultaneous multiple BWP switch delay as follow.
; N: Number of CCs with simultaneous BWP switch; D is incremental delay for BWP switch processing on additional CCs.
· Value of D: 
· 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
The overall activation delay for dormancy SCell(N=7) based on RAN4’s agreements is shown as the table below. 
	SCS(KHz)
	Single BWP switch delay(ms)
	Multiple BWP extension D for Type2 UE(ms)
	Multiple dormancy SCell activation delay(N=7) (ms)

	15
	3
	0.4
	5.4

	
	
	0.8
	7.8

	
	
	1
	9

	30
	2.5
	0.4
	4.9

	
	
	0.8
	7.3

	
	
	1
	8.5

	60
	2.25
	0.4
	4.65

	
	
	0.8
	7.05

	
	
	1
	8.25

	120
	2.25
	0.4
	4.65

	
	
	0.8
	7.05

	
	
	1
	8.25


2. Actions:
To RAN1.
ACTION: RAN4 kindly asks RAN1 whether current RAN4’s agreement on multiple BWP switch will be applied for HARQ processing timeline in dormancy SCell’s design.



From the table above, it can been seen that Type 2 UE cannot activate 7 dormancy SCells in FR2 simultaneously. We suggest to at least add another option D=200us for type 2 UE. This extension delay can support 7 simultaneous activation FR2 SCells for type 2 UE. Moreover, adding another optional value for type 2 UE does not increase the number of bits in current RAN2’s signalling design. 
[bookmark: _Ref46569010]Proposal 2: Add additional D=200us for type 2 UE in simultaneous DCI-based BWP switching.
For the activation number N, we supports that N is the number of simultaneous BWP switching CCs within the same FR for the UE supporting per-FR gap. When the UE supports per-FR gap, it means this UE has two independently processing chains for FR1 and FR2. Therefore, UE can handle these two FRs’ BWP switching independently and no additional extension delay is needed.
[bookmark: _Ref46570688]Proposal 3: N is the number of simultaneous BWP switching CCs within the same FR for the UE supporting per-FR gap.      
Delay requirements of simultaneous triggered RRC-based BWP switch
In last meeting, there are three options are left for this issue. In our opinion, currently RRC-based BWP switching time already has enough margin for multiple BWP switching in one CG, thus UE doesn’t need too much margins on RRC based BWP switch. However, some companies suggest to re-use the agreements in simultaneous DCI-based BWP switch. To simplified discussion, we support to re-use the agreed D extension from DCI-based BWP switch and suggest to add an additional value D=200us for type 2 UE. 
[bookmark: _Ref32446819]Proposal 4: For simultaneous RRC-based BWP switch, the agreed D for DCI/timer based BWP switch can be reused with additional D=200us for type 2 UE.
Delay Requirements of non-simultaneous triggered Timer-based BWP switch
Since the BWP switch requests are triggered by timer in different time, the normal UE behavior is to process the request one-by-one, e.g., UE will finish the BWP switch of the earliest request first. Therefore, except for those scenarios that are already precluded in RAN1 spec, UE should be also allowed to conduct the BWP switch for different request sequentially in a first-come-first-serve manner for Timer-based BWP switching.
Timer-based is triggered if UE cannot detect any PDCCH for a certain period of time. If it is triggered, that means UE is now in a very low traffic mode, and it is highly likely that UE will still detect no PDCCH right after BWP switch. Thus, conducting the BWP switch for different request sequentially is reasonable for Timer-based BWP switching.
[bookmark: _Ref32446824]Proposal 5: UE should be allowed to conduct the BWP switch sequentially for non-simultaneous timer-based BWP switch in NR-DC whatever UE supports per-FR gap.
Delay Requirements of non-simultaneous triggered RRC-based BWP switch
UE may conduct the multiple BWP switch in one CG at the same time when UE receives the non-simultaneous BWP switch commands from the other CG. UE will postpone the 2nd BWP switch RRC request from the later CG based on spec. TS38.331. 
	5.1.2       General requirements
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.


At the same time, TS38.331 also define the RRC processing delay for RRC procedure triggering BWP switch as shown below. It implies UE will sequentially process the BWP switch per CG. Thus, some waiting time is needed before conducting the 2nd BWP switch from the other CG. The waiting time is upper bounded by the total BWP switch delay in the 1st CG. 
	[bookmark: _Toc20426267][bookmark: _Toc29321664][bookmark: _Toc36219847][bookmark: _Toc36220523][bookmark: _Toc36513943][bookmark: _Hlk535949666]12	Processing delay requirements for RRC procedures
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 1. RRC-based BWP switch processing flow for non-simultaneous request
[bookmark: _Ref37163271][bookmark: _Ref37357744]Proposal 6: The total RRC processing time equals RRC procedure delay plus BWP switch time. 
Proposal 7: Delay requirement for non-simultaneous RRC based BWP switch is upper bounded by the multiple BWP switch delay of the 1st CG.
3 Summary
In this paper, we provide our views on the issue of BWP switch on multiple CCs. We have the following proposals.
Proposal 1: Send LS to RAN1 to clarify whether currently RAN4’s agreement for multiple BWP switch is applied for HARQ processing timeline design in dormancy SCell.
	1. Overall Description:
RAN4 had defined the DCI-based simultaneous multiple BWP switch delay as follow.
; N: Number of CCs with simultaneous BWP switch; D is incremental delay for BWP switch processing on additional CCs.
· Value of D: 
· 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
The overall activation delay for dormancy SCell(N=7) based on RAN4’s agreements is shown as the table below. 
	SCS(KHz)
	Single BWP switch delay(ms)
	Multiple BWP extension D for Type2 UE(ms)
	Multiple dormancy SCell activation delay(N=7) (ms)

	15
	3
	0.4
	5.4

	
	
	0.8
	7.8

	
	
	1
	9

	30
	2.5
	0.4
	4.9

	
	
	0.8
	7.3

	
	
	1
	8.5

	60
	2.25
	0.4
	4.65

	
	
	0.8
	7.05

	
	
	1
	8.25

	120
	2.25
	0.4
	4.65

	
	
	0.8
	7.05

	
	
	1
	8.25


2. Actions:
To RAN1.
ACTION: RAN4 kindly asks RAN1 whether current RAN4’s agreement on multiple BWP switch will be applied for HARQ processing timeline in dormancy SCell’s design.


Proposal 2: Add additional D=200us for type 2 UE in simultaneous DCI-based BWP switching.
Proposal 3: N is the number of simultaneous BWP switching CCs within the same FR for the UE supporting per-FR gap.
Proposal 4: For simultaneous RRC-based BWP switch, the agreed D for DCI/timer based BWP switch can be reused with additional D=200us for type 2 UE.
Proposal 5: UE should be allowed to conduct the BWP switch sequentially for non-simultaneous timer-based BWP switch in NR-DC whatever UE supports per-FR gap.
Proposal 6: The total RRC processing time equals RRC procedure delay plus BWP switch time. 
Proposal 7: Delay requirement for non-simultaneous RRC based BWP switch is upper bounded by the multiple BWP switch delay of the 1st CG.
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