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1. Introduction

The core RRM requirements for Tx switching across three or four uplink bands were completed in RAN4#107 meeting. This contribution provides the considerations on the test cases. 
2. Discussion
Based on the agreed LS [1] and [2], RAN4 reached agreements on applicability of DL interruption:
	· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.

· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.

· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.


Therefore we suggest to specify DL interruption test cases for the following cases:
· DL interruptions at Tx switching across three or four uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across three or four uplink bands in FDD-TDD CA in SA
As RF specify both 3-band CA combinations and 4-band CA combinations, RRM can verify DL interruption under 3 band TX switching and 4 band Tx switching.
As we know the R18 DL interruption length for Tx switching are different in certain switching period value for single TAG and two TAG cases, single and dual TAG can also be verified.
Table 8.2.2.2.10D -1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching across three or four uplink bands for single TAG
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1: Uplink Tx switching period depends on UE capability [TBD].

Note 2: RTD=3us is assumed to derive the DL interruption length.



Table 8.2.2.2.10D -2: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching across three or four uplink bands for two TAGs
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	 8

	2
	0.25
	4
	10
	14

	Note 1: Uplink Tx switching period depends on UE capability [TBD].

Note 2: RTD=9 us is assumed to derive the DL interruption length.



Proposal 1: The following test cases are to be defined to verify the interruption due to UE dynamic switching across 3/4 band uplink carriers:
For single TAG 
· DL interruptions at Tx switching across three uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across three uplink bands in FDD-TDD CA in SA

· DL interruptions at Tx switching across four uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across four uplink bands in FDD-TDD CA in SA

For Two TAG 
· DL interruptions at Tx switching across three uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across three uplink bands in FDD-TDD CA in SA

· DL interruptions at Tx switching across four uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across four uplink bands in FDD-TDD CA in SA
· Test configuration for TX switching across 3 bands
For FDD-TDD uplink CA cases, it is assumed FR1 FDD PCell (Cell 1), FR1 FDD SCell (Cell 2) and FR1 TDD SCell (Cell 3) where cell 1 with 1TX is on band A, cell 2 with 1TX is on band B, and cell 3 with 2TX is on band C. TX switching is performed from band A to band C, and from band B to band C. That is, dynamic Tx switches between case1 and case 2.
	Case 1 
	1 Tx on FDD band A and 1 Tx on FDD band B

	Case 2 
	2 Tx on TDD band C 


The TDD UL/DL pattern on band C is 3D1S4U, S = 10DL: 2GP: 2UL.
The same principle from R16 /R17 Tx switching is to be followed to verify the symbol level DL interruption [R4-2017173]:
	Triggering an aperiodic CSI-RS L1-RSRP reporting with CSI-RS resources (with boosted power) on the OFDM symbol right before the interruption and check UE’s aperiodic L1-RSRP report with corresponding measurement accuracy.


Then the following symbols are to be verified:
· Symbol #8 or symbol #9 or symbol #10 in the slot overlapping with the special slot of the NR TDD carrier depending on UE capability uplinkTxSwitchingPeriod on NR FDD carrier (Cell 1, Cell 2) 
· Symbol #4 or symbol #5 or symbol #8 on the special slot depending on UE capability uplinkTxSwitchingPeriod on NR TDD carrier (Cell 3)
Proposal 2: For TX switching among 3 bands, For FDD-TDD uplink CA cases,
FR1 FDD PCell (Cell 1), FR1 FDD SCell (Cell 2) and FR1 TDD SCell (Cell 3) where cell 1 with 1TX is on band A, cell 2 with 1TX is on band B, and cell 3 with 2TX is on band C. TX switching is from band A to band C, and from band B to band C. Dynamic Tx switches between case1 and case 2.
	Case 1 
	1 Tx on FDD band A and 1 Tx on FDD band B

	Case 2 
	2 Tx on TDD band C 


TDD UL/DL pattern on band C is 3D1S4U, S = 10DL: 2GP: 2UL.
Symbol level DL interruption verification: Triggering an aperiodic CSI-RS L1-RSRP reporting with CSI-RS resources  on the OFDM symbol right before the interruption and check UE’s aperiodic L1-RSRP report with corresponding measurement accuracy.

Which symbol to be verified?

· Symbol #8 or symbol #9 or symbol #10 in the slot overlapping with the special slot of the NR TDD carrier depending on UE capability uplinkTxSwitchingPeriod on NR FDD carrier (Cell 1, Cell 2) 

· Symbol #4 or symbol #5 or symbol #8 on the special slot depending on UE capability uplinkTxSwitchingPeriod on NR TDD carrier (Cell 3)

For TDD-TDD uplink CA cases, it can be assumed that FR1 TDD PCell (Cell 1), FR1 FDD SCell (Cell 2) and FR1 TDD SCell (Cell 3) where cell 1 with 1TX is on band A, cell 2 with 1TX is on band B, and cell 3 with 2TX is on band C. 
· band#A and band B TDD UL/DL pattern is 3D1S4U, S = 10DL: 2GP: 2UL;
· band#C TDD UL/DL pattern is 1D1S2U, S = 10DL: 2GP: 2UL

TX switching is between band A to band C, and band B to band C. Dynamic Tx switches between case1 and case 2.
	Case 1 
	1 Tx on TDD band A and 1 Tx on FDD band B

	Case 2 
	2 Tx on TDD band C 


Which symbol to be verified?
· symbol #4 or symbol #5 or symbol #8 on the special slot depending on UE capability uplinkTxSwitchingPeriod on NR TDD PCell (Cell 1)
· symbol #4 or symbol #5 or symbol #8 on the 2nd special slot of every 8 slots depending on UE capability uplinkTxSwitchingPeriod NR TDD SCell (Cell 2)
Proposal 3: For TX switching among 3 bands, for TDD-TDD uplink CA cases,
FR1 TDD PCell (Cell 1), FR1 FDD SCell (Cell 2) and FR1 TDD SCell (Cell 3) where cell 1 with 1TX is on band A, cell 2 with 1TX is on band B, and cell 3 with 2TX is on band C. 

· band#A and band B TDD UL/DL pattern is 3D1S4U, S = 10DL: 2GP: 2UL;

· band#C TDD UL/DL pattern is 1D1S2U, S = 10DL: 2GP: 2UL

TX switching is from band A to band C, and from B to band C. Dynamic Tx switches between case1 and case 2.

	Case 1 
	1 Tx on TDD band A and 1 Tx on FDD band B

	Case 2 
	2 Tx on TDD band C 


Which symbol to be verified?

· symbol #4 or symbol #5 or symbol #8 on the special slot depending on UE capability uplinkTxSwitchingPeriod on NR TDD PCell (Cell 1 and Cell 2)

· symbol #4 or symbol #5 or symbol #8 on the 2nd special slot of every 8 slots depending on UE capability uplinkTxSwitchingPeriod NR TDD SCell (Cell 3)

· Test configuration for TX switching across 4bands
The similar test configuration for TX switching among 4 bands can be similar as 3band, where Dynamic Tx switches are switched between case 1 and case 2 
	Case 1 
	1 Tx on FDD band A and 1 Tx on FDD band B

	Case 2 
	1 Tx on TDD band C and 1 Tx on TDD band D


Or 
	Case 1 
	1 Tx on TDD band A and 1 Tx on TDD band B

	Case 2 
	1 Tx on TDD band C and 1 Tx on TDD band D


Proposal 4: For TX switching among 4 bands, For TDD-TDD uplink CA cases, the similar test configuration for TX switching among 4 bands can be similar as 3band, where Dynamic Tx switches are switched between case 1 and case 2 
	Case 1 
	1 Tx on FDD band A and 1 Tx on FDD band B

	Case 2 
	1 Tx on TDD band C and 1 Tx on TDD band D


Or 

	Case 1 
	1 Tx on TDD band A and 1 Tx on TDD band B

	Case 2 
	1 Tx on TDD band C and 1 Tx on TDD band D


· MRTD

To verify single TAG and 2-TAG cases, MRTD is to be set different value. For single TAG case, to align with R16/R17 MRTD is to be set as 0us. For 2-TAG case, MRTD is to be set as 9us.
Proposal 5: For 1-TAG, MRTD is set as 0us; For 2-TAG, MRTD is set as 9us.

3. Conclusion
This contribution provided considerations on the test cases of DL interruptions due to UE switching between 1Tx carrier and 2Tx carrier. 

Proposal 1: The following test cases are to be defined to verify the interruption due to UE dynamic switching across 3/4 band uplink carriers:

For single TAG 
· DL interruptions at Tx switching across three uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across three uplink bands in FDD-TDD CA in SA

· DL interruptions at Tx switching across four uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across four uplink bands in FDD-TDD CA in SA

For Two TAG 
· DL interruptions at Tx switching across three uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across three uplink bands in FDD-TDD CA in SA

· DL interruptions at Tx switching across four uplink bands in TDD-TDD CA with different UL/DL pattern in SA
· DL interruptions at Tx switching across four uplink bands in FDD-TDD CA in SA
Proposal 2: For TX switching among 3 bands, For FDD-TDD uplink CA cases,
FR1 FDD PCell (Cell 1), FR1 FDD SCell (Cell 2) and FR1 TDD SCell (Cell 3) where cell 1 with 1TX is on band A, cell 2 with 1TX is on band B, and cell 3 with 2TX is on band C. TX switching is from band A to band C, and from band B to band C. Dynamic Tx switches between case1 and case 2.
	Case 1 
	1 Tx on FDD band A and 1 Tx on FDD band B

	Case 2 
	2 Tx on TDD band C 


TDD UL/DL pattern on band C is 3D1S4U, S = 10DL: 2GP: 2UL.

Symbol level DL interruption verification: Triggering an aperiodic CSI-RS L1-RSRP reporting with CSI-RS resources  on the OFDM symbol right before the interruption and check UE’s aperiodic L1-RSRP report with corresponding measurement accuracy.

Which symbol to be verified?

· Symbol #8 or symbol #9 or symbol #10 in the slot overlapping with the special slot of the NR TDD carrier depending on UE capability uplinkTxSwitchingPeriod on NR FDD carrier (Cell 1, Cell 2) 

· Symbol #4 or symbol #5 or symbol #8 on the special slot depending on UE capability uplinkTxSwitchingPeriod on NR TDD carrier (Cell 3)

Proposal 3: For TX switching among 3 bands, for TDD-TDD uplink CA cases,
FR1 TDD PCell (Cell 1), FR1 FDD SCell (Cell 2) and FR1 TDD SCell (Cell 3) where cell 1 with 1TX is on band A, cell 2 with 1TX is on band B, and cell 3 with 2TX is on band C. 

· band#A and band B TDD UL/DL pattern is 3D1S4U, S = 10DL: 2GP: 2UL;

· band#C TDD UL/DL pattern is 1D1S2U, S = 10DL: 2GP: 2UL

TX switching is from band A to band C, and from B to band C. Dynamic Tx switches between case1 and case 2.

	Case 1 
	1 Tx on TDD band A and 1 Tx on FDD band B

	Case 2 
	2 Tx on TDD band C 


Proposal 4: For TX switching among 4 bands, For TDD-TDD uplink CA cases, the similar test configuration for TX switching among 4 bands can be similar as 3band, where Dynamic Tx switches are switched between case 1 and case 2 
	Case 1 
	1 Tx on FDD band A and 1 Tx on FDD band B

	Case 2 
	1 Tx on TDD band C and 1 Tx on TDD band D


Or 

	Case 1 
	1 Tx on TDD band A and 1 Tx on TDD band B

	Case 2 
	1 Tx on TDD band C and 1 Tx on TDD band D


Proposal 5: For 1-TAG, MRTD is set as 0us; For 2-TAG, MRTD is set as 9us.
4. References
[1] R4-2217741 LS on Rel-18 UL Tx switching, chinatelecom

[2] R4-2310495, LS on multi-carrier enhancement, vivo

8
1

