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1 Introduction
A WF [1] was agreed in last meeting, as captured below. 
	· Candidate BWP switching scenarios for specifying requirements:
· Case 1: Simultaneous triggering of BWP switching on multiple CCs 
· When timer-based BWP switching is triggered on multiple CCs.
· When RRC-based BWP switching is triggered on multiple CCs.
· Other scenarios are not precluded.
· Case 2: Non-simultaneous triggering of BWP switching on multiple CCs 
· When RRC-based BWP switching is triggered on a CC (CC1) while there is an on going RRC-based BWP switching on another CC (CC2).
· FFS whether to limit CC1 and CC2 in different CGs or within the same CG
· When timer-based or DCI based BWP switching is triggered on a CC (CC1) while there is an on going RRC-based BWP switching on another CC (CC2).
· FFS whether to limit CC1 and CC2 in different CGs or within the same CG
· Other scenarios are not precluded.
· RAN4 to investigate the BWP switching delay and interruption requirements for the above scenarios


In this paper, we double checked RAN1 spec and provide our view on the scenarios to be further discussed in RAN4 as well as the expected requirement.
2 Discussion
Non-simultaneous scenarios
In Section 12 of TS 38.213, there are 2 paragraphs addressing the issue of non-simultaneous BWP switch. 
One is on how to handle a late DCI-based BWP switch request, when UE is already conducting BWP switch in another CC. According to RAN1 agreements, this scenario is forbidden. Note the forbidden scenarios is limited in the same FR. In other words, UE can still handle a DCI-based BWP switch request in FR1, while conducting BWP switch in a FR2 CC.
	A UE does not expect to detect a DCI format 1_1 indicating an active DL BWP change or a DCI format 0_1 indicating an active UL BWP change for a scheduled cell within FR1 (or FR2) in a slot other than the first slot of a set of slots for the DL SCS of the scheduling cell that overlaps with a time duration where the UE is not required to receive or transmit for an active BWP change in a different cell from the scheduled cell within FR1 (or FR2).


[bookmark: _Ref23594800]Observation 1: According to TS38.213, the scenario that a late DCI-based BWP switch request comes during the time when UE is already conducting BWP switch in another CC in the same FR is already forbidden.

The other one is on how to hand late timer-based BWP switch, when UE is already conducting BWP switch in another CC. According to RAN1 agreements, UE will postpone the timer-based BWP switch after finishing the ongoing BWP switch. Note that FR1 and FR2 are also handled separately.
	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).


[bookmark: _Ref23594802]Observation 2: According to TS38.213, when a late timer-based BWP switch comes during the time when UE is already conducting BWP switch in another CC in the same FR, UE postpone the timer-based BWP switch.

Although RAN1 spec does not clearly address the reason why UE is not required to receive or transmit, in our understanding, it includes at least DCI-based, timer-based and RRC-based BWP switch. Therefore, some of the scenarios in Table 1 are already handled by RAN1. The scenarios to be further checked are highlighted in Table 1.
[bookmark: _Ref23590749]Table 1 Scenarios for non-simultaneous BWP switch in multiple CCs
	Scenarios
	FR
	UE behavior

	DCI + DCI
	same
	This scenario is already forbidden.

	
	different
	UE behavior to be further checked

	DCI + timer
	same
	If DCI comes first, UE postpones timer-based switch
If timer comes first, this scenario is forbidden in the same FR

	
	different
	UE behavior to be further checked

	DCI + RRC
	same
	If DCI comes first, UE behavior to be further checked
If RRC comes first, this scenario is forbidden in the same FR

	
	different
	UE behavior to be further checked

	timer + timer
	same
	UE postpones the BWP switch for the later one.

	
	different
	UE behavior to be further checked

	timer + RRC
	same
	If timer comes first, UE behavior to be further checked
If RRC comes first, UE postpones timer-based switch.

	
	different
	UE behavior to be further checked

	RRC + RRC
	same
	UE behavior to be further checked

	
	different
	UE behavior to be further checked



[bookmark: _Ref23594810]Proposal 1: For non-simultaneous case, RAN4 to further study whether to introduce requirements for the following cases
· DCI+DCI in different FRs
· DCI+timer in different FRs
· DCI+RRC in the same FR, when DCI comes first
· Timer+timer in different FRs
· Timer+RRC in the same FR, when timer comes first
· Timer+RRC in different FRs
· RRC+RRC in the same FR
· RRC+RRC in different FRs

Before going down to the detail requirements, we think it is good to have some high-level discussion on the priority (level of urgency). Comparing the 3 triggering of BWP switch, we see that DCI-based BWP switch as the highest priority, followed by RRC and then timer. The reason is that DCI-based BWP switch is always triggered with a scheduling DCI. UE always has either PDSCH to receive or PUSCH to transmit right after BWP switch. 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. For RRC-based BWP switch of which the delay is far longer than DCI-based BWP switch, it is never assumed to be used for some urgent case. Therefore, we think that UE should always try to finish DCI-based BWP switch if it is triggered earlier than the others, and UE should always postpone timer-based BWP if it is triggered later than the others.
[bookmark: _Ref23596309]Proposal 2: UE should always try to finish DCI-based BWP switch first if it is triggered earlier than others, and UE should always postpone timer-based BWP if it is triggered later than others.

Simultaneous scenario
One thing to be clarified first is whether it is reasonable to have scenarios when RRC-based BWP switch is triggered at the same time with DCI-based or timer-based BWP switch. The reason is that UE knows whether to conduct DCI-based or timer-based BWP switch right after decoding the DCI. But for RRC-based BWP switch, UE has no idea whether this PDSCH is carrying RRC reconfiguration with BWP switch request right after PDCCH decoding or even right after PDSCH decoding. UE needs to further forward this payload to L3 for RRC content parsing before knowing that this PDSCH is an RRC reconfiguration with BWP switch request. From UE perspective, UE is not able to timely identify whether RRC-based BWP switch is triggered simultaneously with DCI/timer/RRC-based BWP switch. Therefore, we suggest to remove all simultaneous scenarios involving RRC-based BWP switch. 
Even if the scenarios are removed, the UE behavior is still very clear. When RRC-based BWP switch request is sent at the same slot with DCI-based BWP switch request or the same slot when UE starts timer based BWP switch, UE will still conduct the DCI or timer-based BWP switch first.
[bookmark: _Ref23594804]Observation 3: After PDCCH and PDSCH decoding, UE needs to further forward the payload to L3 for RRC content parsing before knowing that this PDSCH is an RRC reconfiguration with BWP switch request.
[bookmark: _Ref23594812]Proposal 3: Remove all simultaneous scenarios involving RRC-based BWP switch.

With all simultaneous scenarios involving RRC-based BWP switch removed, the remaining scenarios to be further investigated are. DCI+DCI, DCI+timer and timer+timer.
[bookmark: _Ref23594814]Proposal 4: For simultaneous case, RAN4 to further study the requirements for the following cases
· DCI+DCI 
· DCI+timer 
· Timer+timer 

To deal with the issue of increasing number of CCs in the future, the requirements should be scalable. One simple idea is to scale the delay linearly with the number of CC, e.g., for 3 CCs with the same SCS, the delay is 3 times of the delay for 1 CC. Such an approach sounds simple but could be too conservative because there are actually some actions that can be conducted in parallel inside UE. Therefore, our suggestion is to additionally extend the delay based on the total number of CCs on which the BWPs are switched simultaneously. A generic delay requirement of the target CC when BWP switch happen in multiple CCs could be in the form of

· The value N is the total number of CCs on which the BWPs are switched simultaneously. 
· K is some positive integer to be further determined. 
· The value D is the delay extended per one additional CC
· D should be less than the overall delay requirement in R15. 
· D should depend on the UE capability, e.g., Type 1 UE should be able to support a shorter D. 
· To make the spec simple, D is preferred to be SCS-agnostic
[bookmark: _Ref20944033]Proposal 5: For simultaneous case, the delay requirement of the target CC when DCI or timer based BWP switch happen in multiple CCs is sum of R15 delay requirement of the target CC and , where N is the total number of CCs of which the BWPs are switched simultaneously, K is some positive integer to be further determined and D is the delay extended per one additional CC.
3 Summary
In this paper, we provide our views on the issue of BWP switch on multiple CCs. We have the following observations and proposals.
Observation 1: According to TS38.213, the scenario that a late DCI-based BWP switch request comes during the time when UE is already conducting BWP switch in another CC in the same FR is already forbidden.
Observation 2: According to TS38.213, when a late timer-based BWP switch comes during the time when UE is already conducting BWP switch in another CC in the same FR, UE postpone the timer-based BWP switch.
Observation 3: After PDCCH and PDSCH decoding, UE needs to further forward the payload to L3 for RRC content parsing before knowing that this PDSCH is an RRC reconfiguration with BWP switch request.
Proposal 1: For non-simultaneous case, RAN4 to further study whether to introduce requirements for the following cases 
· DCI+DCI in different FRs
· DCI+timer in different FRs
· DCI+RRC in the same FR, when DCI comes first
· Timer+timer in different FRs
· Timer+RRC in the same FR, when timer comes first
· Timer+RRC in different FRs
· RRC+RRC in the same FR
· RRC+RRC in different FRs
Proposal 2: UE should always try to finish DCI-based BWP switch first if it is triggered earlier than others, and UE should always postpone timer-based BWP if it is triggered later than others.
Proposal 3: Remove all simultaneous scenarios involving RRC-based BWP switch.
Proposal 4: For simultaneous case, RAN4 to further study the requirements for the following cases 
· DCI+DCI 
· DCI+timer 
· Timer+timer
[bookmark: _GoBack]Proposal 5: For simultaneous case, the delay requirement of the target CC when DCI or timer based BWP switch happen in multiple CCs is sum of R15 delay requirement of the target CC and , where N is the total number of CCs of which the BWPs are switched simultaneously, K is some positive integer to be further determined and D is the delay extended per one additional CC.
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