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1 	Introduction
In the latest RAN #81 meeting, a new test case list had been approved in [1]. In the core part, the delay requirements of active BWP switch in TS38.133 section 8.6.2 and the corresponding interruption requirements for LTE victim cells are captured in TS36.133 section 8.2.1.2, 8.2.2.2 and [R4-1809550], respectively. In this paper, we discuss the general principles on test case design and share the case lists for active BWP switch.
2 Discussion
BWP switch Delay
In last RAN4 #88bis meeting, some agreements for RRC based BWP switch delay are shown as follow.
	Agreement: Wait for RAN2 decision on whether different RRC delays are defined for RRC processing time with and without BWP switching.


Due to the introduction of various BWP capabilities by RAN1 feature list (see RP-181484), RAN4 should also define the test cases for RRC based BWP switch which is mandatory for all UEs. The exact delay value is pending on RAN2 discussion.
[bookmark: _Ref525920288]Proposal 1: RRC based BWP switching should be also verified in the test case. 
In RAN1 feature list, all BWP capability 6-1~6-4 is shown as follow. All of the capability requires UE-specific BWP to include the initial DL BWP and SSB. In the test case design, the changing from initial BWP0 to UE-specific BWP1 or BWP2 will change center frequency or bandwidth, but all these UE-specific BWPs should include the initial DL BWP and SSB. 
	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell

	6-2
	Type A BWP adaptation with same numerology 
	1) Up to 2 UE-specific RRC configured DL BWPs per carrier
2) Up to 2 UE-specific RRC configured UL BWPs per carrier
[bookmark: _Hlk514747025]3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell

	6-3
	Type B BWP adaptation with same numerology
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell

	6-4
	[bookmark: _Hlk504787513]BWP adaptation with different numerologies
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) More than one numerologies for the UE-specific RRC configured BWPs per carrier
5) Same numerology between DL and UL per cell except for SUL at a given time
6) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell[/PScell] and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell


[bookmark: _Ref525920291]Proposal 2: The configured UE-specific BWPs should include the initial DL BWP and SSB.
DCI-based BWP switch is supported by UE capability 6-2 and onward. Therefore, we suggest to design the test case targeting only capability 6-2, in which only up to 2 BWP settings can be configured to UE.
[bookmark: _Ref525920294]Proposal 3: Introduce test case targeting only capability 6-2 with only up to 2 BWP configurations.
In summary, the triggers for active DL/UL BWP switch are
· RRC signalling
· DCI 
· Timer
In our understanding, it is preferred to verify all about 3 behaviors in one single test cases.
[bookmark: _Ref525920298]Proposal 4: Strive to verify BWP switching delay triggered by RRC signaling, DCI and timer in one single test case.
For an example, prior to the test start time, BWP-1 and BWP-2 are configured by RRC signaling. BWP-2 should be configured as default BWP by RRC signaling defaultDownlinkBWP-ID. The UE will switch from the initial BWP to 1st active BWP by firstActiveDownlinkBWP-ID. After the test starts, RRC signaling (firstActiveDownlinkBWP-ID) can be used to ask UE to change its active BWP from BWP-1 to BWP-2 in T1. After that, the DCI format 1_1 indicator field triggers the change of active DL BWP to switch BWP back to BWP-1 in T2. Later, after finishing the data transaction part, the NW refrains from sending any DCI command. UE can further switch back to BWP-2 upon bwp-InactivityTimer timer expiry in T3. To efficiently repeat the test, we can exchange the roles of BWP-1 and BWP-2 in above procedure and start the procedure again shown in Figure 1 T4-T6.


[bookmark: _Ref525316663]Figure 1. Test Case procedure design for active BWP switch
(Note : The test cell should be PCell in SA or PSCell in EN-DC)
1st effective ACK sending time occasion
The effective ACK reporting could be used to verify the correct UE’s behavior on BWP switch. If BWP switch of UE is wrong or UE doesn’t execute the BWP switch, the UE cannot receive PDSCH correctly and will report NACK after the BWP switch delay time. For DCI-based BWP switch, the UE will receive the DCI command at previous BWP. UE should correctly receive the corresponding PDSCH after the BWP switch based on the bandwidth part indicator field in DCI command. For RRC signaling reconfiguration or timer-based BWP switch, PDCCH has to be transmit on new BWP for UE to decode the PDSCH. In NR, it supports flexible resource scheduling in HARQ. After feedback timing K1 slots, the UE shall be capable to transmit the valid ACK report. Thus, the overall delay time for first ACK sending with BWP switch will be (BWP switch delay + 1 + K1)slots.
[bookmark: _Ref525920302]Proposal 5: The UE shall start to send the ACK in slot (BWP switch delay +1+K1)slots in BWP switch test, where BWP switch delay could be referred to section 8.6.2 in TS38.133. 


Figure 2. The first effective ACK sending time occasion in BWP switch test
BWP switching Interruption
When UE switches its NR PCell/PSCell active BWP, interruption is allowed on all the other active serving cells if the UE is not capable of per-FR gap or other active serving cells in the same frequency range if the UE is capable of per-FR gap.
There are several typical test scenarios for BWP switching interruption as follow.
· EN-DC: interruption on E-UTRA
· E.g., E-UTRA PCell+ NR PSCell, where E-UTRA PCell is the victim cell;
· EN-DC: interruption on NR
· E.g., E-UTRA PCell+ NR PSCell+ NR SCell, where NR SCell is the victim cell; 
· SA: interruption on NR
· E.g., NR PCell+ NR SCell, where NR SCell is the victim cell.
The interruption is only allowed within the BWP switching delay. After initial test set up, an additional victim serving cell is already activated. The PDCCHs indicating new transmissions sent continuously on the victim cell to check UE’s ACK/NACK reporting. The interruption of the victim serving cell is allowed within light Green shown in Figure 2, but the missing ACK/NACK time shown in Figure 2 Green color should follow on the interruption requirement, which should be limited in 1-5 slots for different SCSs.
Table: interruption length X
	[image: ]
	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1: If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP swith and the SCS after the BWP switch. 




[bookmark: _Ref524774751]Figure 3. Test Case design for active BWP switching interruption in EN-DC
(Note: PSCell could be PCell and PCell could be SCell in SA scenario in the figure) 
3 Test Case List
3.1. BWP switching delay
EN-DC
	#
	Test category
	Main Parameters

	
	
	Type
	Cell layout
	Duplex mode
	SCS in NR
	BWP(RB)
	Sync/un-sync 
	Fading

	1.1
	EN-DC FDD DL BWP switching of PSCell in non-DRX in FR1 

	Conducted
	2 cells: 
1 LTE PCell
1 NR PSCell(FR1)
	LTE: FDD
NR: FDD
	15K
	BWP-1:40
BWP-2:50
	un-sync
	LTE: AWGN
NR: AWGN

	1.2
	EN-DC TDD DL BWP switching of PSCell in non-DRX in FR1 

	Conducted
	2 cells: 
1 LTE PCell
1 NR PSCell(FR1)
	LTE: TDD
NR: TDD
	30K
	BWP-1:50
BWP-2:100
	sync
	LTE: AWGN
NR: AWGN

	1.3
	EN-DC TDD DL BWP switching of PSCell in non-DRX in FR2 

	OTA
	2 cells: 
1 LTE PCell 
1 NR PSCell(FR2)
	LTE: TDD
NR: TDD
	120K
	BWP-1:50
BWP-2:100
	sync
	LTE: AWGN
NR: AWGN



SA
	#
	Test category
	Main Parameters

	
	
	Type
	Cell layout
	Duplex mode
	SCS in NR
	BWP(RB)
	Fading

	2.1
	SA FDD DL BWP switching of PCell in non-DRX in FR1 
	Conducted
	1 NR PCell(FR1)
	NR: FDD
	15K
	BWP-1:40
BWP-2:50
	NR: AWGN

	2.2
	SA TDD DL BWP switching of PCell in non-DRX in FR1 
	Conducted
	1 NR PCell(FR1)
	NR: TDD
	30K
	BWP-1:50
  BWP-2:100
	NR: AWGN

	2.3
	SA TDD DL BWP switching of PCell in non-DRX in FR2 
	OTA
	1 NR PCell(FR2)
	NR: TDD
	120K
	BWP-1:50
 BWP-2:100
	NR: AWGN



3.2. BWP switching interruption
EN-DC interruption on NR
	#
	Test category
	Main Parameters

	
	
	Type
	Cell layout
	Duplex mode
	SCS in NR
	BWP(RB)
	Sync/un-sync 
	Fading

	3.1
	EN-DC FDD DL BWP switching interruption of SCell in non-DRX in FR1 

	Conducted
	3 cells: 
1 LTE PCell  
1 NR PSCell 
1 NR SCell (FR1)
	LTE: FDD
NR: FDD
	15K
	BWP-1:40
BWP-2:50
	un-sync
	LTE: AWGN
NR: AWGN

	3.2
	EN-DC TDD DL BWP switching interruption of SCell in non-DRX in FR1 

	Conducted
	3 cells: 
1 LTE PCell 
1 NR PSCell 
1 NR SCell (FR1)
	LTE: TDD
NR: TDD
	30K
	BWP-1:50
 BWP-2:100
	sync
	LTE: AWGN
NR: AWGN

	3.3
	EN-DC TDD DL BWP switching interruption of SCell in non-DRX in FR2 

	OTA
	3 cells: 
1 LTE PCell 
1 NR PSCell(FR1) 
1 NR SCell (FR2)
	LTE: TDD
NR: TDD
	30K (FR1)
120K(FR2)
	PSCell
    BWP-1:50
    BWP-2:100
SCell
 BWP-1:50
	sync
	LTE: AWGN
NR: AWGN

	3.4
	EN-DC TDD DL BWP switching interruption of SCell in non-DRX in FR2 

	OTA
	3 cells: 
1 LTE PCell  
1 NR PSCell(FR2) 
1 NR SCell (FR2)
	LTE: TDD
NR: TDD
	120K 
	 BWP-1: 50
  BWP-2:100
	sync
	LTE: AWGN
NR: AWGN



SA
	#
	Test category
	Main Parameters

	
	
	Type
	Cell layout
	Duplex mode
	SCS in NR
	BWP(RB)
	Sync/un-sync 
	Fading

	4.1
	SA FDD DL BWP switching interruption of SCell in non-DRX in FR1 

	Conducted
	2 cells: 
1 NR PCell(FR1) 
1 NR SCell (FR1)
	FDD
	15K
	PCell
BWP-1:40
BWP-2:50
SCell
 BWP-1:50
	sync
	AWGN

	4.2
	SA TDD DL BWP switching interruption of SCell in non-DRX in FR1 

	Conducted
	2 cells: 
1 NR PCell(FR1) 
1 NR SCell (FR1)
	TDD
	30K
	PCell
BWP-1:50
 BWP-2:100
SCell
 BWP-1:50
	sync
	AWGN

	4.3
	SA TDD DL BWP switching interruption of SCell in non-DRX in FR2 

	OTA
	2 cells: 
1 NR PCell(FR1) 
1 NR SCell (FR2)
	TDD
	30K (FR1)
120K(FR2)
	PCell
BWP-1:50
 BWP-2:100
SCell
   BWP-1:50
	sync
	AWGN

	4.4
	SA TDD DL BWP switching interruption of SCell in non-DRX in FR2 

	OTA
	2 cells: 
1 NR PCell(FR2) 
1 NR SCell (FR2)
	TDD
	120K 
	PCell
BWP-1:50
 BWP-2:100
SCell
   BWP-1:50
	sync
	AWGN



EN-DC interruption on E-UTRA
	#
	Test category
	Main Parameters

	
	
	Type
	Cell layout
	Duplex mode
	SCS in NR
	BWP(RB)
	Sync/un-sync 
	Fading

	5.1
	EN-DC FDD DL BWP switching interruption of PCell in non-DRX in FR1 
	Conducted
	2 cells: 
1 LTE PCell  
1 NR PSCell (FR1)
	LTE: FDD
NR: FDD
	15K
	BWP-1:40
BWP-2:50
	
un-sync
	LTE: AWGN
NR: AWGN

	5.2
	EN-DC TDD DL BWP switching interruption of PCell in non-DRX in FR1 

	Conducted
	2 cells: 
1 LTE PCell 
1 NR PSCell (FR1)
	LTE: TDD
NR: TDD
	30K
	BWP-1:50
 BWP-2:100
	
sync
	LTE: AWGN
NR: AWGN

	5.3
	EN-DC TDD DL BWP switching interruption of PCell in non-DRX in FR2 
	OTA
	2 cells: 
1 LTE PCell  
1 NR PSCell(FR2)
	LTE: TDD
NR: TDD
	120K
	BWP-1:50
[bookmark: _GoBack] BWP-2:100
	
sync
	LTE: AWGN
NR: AWGN



4 Summary
In this paper, discussion on the design criteria for test case of active BWP switching is provided. The independent BWP switching delay and interruption test case lists are also given in this paper.
Proposal 1: RRC based BWP switching should be also verified in the test case.
Proposal 2: The configured UE-specific BWPs should include the initial DL BWP and SSB.
Proposal 3: Introduce test case targeting only capability 6-2 with only up to 2 BWP configurations.
Proposal 4: Strive to verify BWP switching delay triggered by RRC signaling, DCI and timer in one single test case.
Proposal 5: The UE shall start to send the ACK in slot (BWP switch delay +1+K1)slots in BWP switch test, where BWP switch delay could be referred to section 8.6.2 in TS38.133.
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