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1. Introduction

In RAN4#96 emeeting, an WF on test case for DL interruption due to Tx switching between two uplink carriers was agreed[1]. Part of the agreements and way forward are duplicated as below.
	· No test cases are defined for the following cases:

· SUL+TDD

· TDD+TDD CA with the same UL-DL pattern

· TDD+TDD EN-DC with the same UL-DL pattern

· The following test cases shall be defined to verify the DL interruption due to UE dynamic switching between two uplink carriers:

· DL Interruptions at UE switching between LTE 1Tx carrier and NR 2Tx carrier in inter-band ENDC case.

· DL Interruptions at UE switching between NR uplink carrier 1 and NR uplink carrier 2 in inter-band uplink CA case.

<omit>
· How to verify the symbol-level DL interruption in test

· Test case for verifying Radio Link Monitoring Scheduling Restrictions can be as an reference.

· This test verifies that UE can correctly receive the PDCCH scheduled on the symbols right before the DL interruption so that it sends ACK/NACK correctly.
· Interruption location happens from symbol #[14-(Interruption length+2)] to the end of last GP symbol assuming 2 symbols for SRS transmission in special slot.
· Detailed parameters are FFS, e.g., MRTD
· Other test schemes are not precluded


This contribution provides the analysis on test case for DL interruption due to Tx switching between two uplink carriers. 
2. Discussion
The DL interruption requirements at dynamic switching between two uplink carriers is specified in TS 38.133 section 8.2.1.2.14 (ENDC) and section 8.2.2.2.10 (SA). Herein we take NR SA as an example, NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. When dynamic switching between two uplink carriers is conducted, UE is allowed to cause DL interruption of X OFDM symbols (specified in Table 8.2.2.2.10-1) in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption.
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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 uplinkTxSwitchingPeriod


Figure 1 illustrates the DL interruptions on carrier 1. Carrier #1 is NR FDD carrier with 15kHz SCS, and carrier #2 is NR TDD carrier with 30kHz SCS. TDD UL/DL configuration of carrier#2 is TDDConf.2.1: 3D1S4U, S = 6DL: 4GP: 4UL. SRS signal shall be transmitted on the last two OFDM symbols in special slot. The SRS configuration can refer to SRSConf.1 in Table A.4.4.1.1.1-3 in TS 38.133 except that:

•
resourceMappingstartPosition: 0

•
resourceMappingnrofSymbols: n2
Tx switching between carrier 1 and carrier 2 happens immediately before SRS transmission in special slot. The DL interruption length shall not exceed the value defined in the above table. The symbol highlighted by yellow in slot#1 on carrier#1 is the symbol right before the DL interruption. PDCCH transmission can be configured on this symbol. The test can verify whether UE correctly receive the PDCCH scheduled on the symbol so that it sends ACK/NACK correctly. The to-be-verified symbol on carrier 1 with 15KHz is the symbol #[14-(Interruption length+1)] as the numerology of 2 symbols for SRS transmission in carrier #2 special slot SCS is 30KHz. 
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Figure. 1 Tx switching between two uplink carriers in NR SA
MRTD is the maximum received time difference from UE receiver side. The actual received time difference is less than MRTD. In order to simplify the test, it is suggested not to consider MRTD in the test case.
 It is noted that the test case is only applicable to UE which supports pdcch-MonitoringAnyOccasions or pdcch-MonitoringAnyOccasionsWithSpanGap.
Proposal 1: The test case for TX switching between NR carrier #1(FDD 15kHz) and NR carrier#2 (TDD 30kHz) in SA scenario:
-  Carrier#2 TDD UL/DL pattern is 3D1S4U, S = 6DL: 4GP: 4UL;

-  SRS configuration:

· resourceMappingstartPosition: 0

· resourceMappingnrofSymbols: n2

-  Tx switching between carrier 1 and carrier 2 happens immediately before SRS transmission in special slot

·  DL interruption length shall not exceed the value defined in Table 8.2.2.2.10-1 depending on UE capability
· The test verifies whether UE correctly receive the PDCCH scheduled on the symbol which is right before the DL interruption in slot#1 on carrier#1, so that it sends ACK/NACK correctly.

· No MRTD is set in the test.
· The test case is only applicable to UE which supports pdcch-MonitoringAnyOccasions or pdcch-MonitoringAnyOccasionsWithSpanGap.

Test case for DL Interruptions at UE switching between LTE 1Tx carrier and NR 2Tx carrier in inter-band ENDC can refer the design scheme of SA case. However mini-slot is not supported in LTE, the symbol level DL interruption can’t be verified in LTE. As the typical deployment is LTE FDD + (NR 30kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode), the symbol level DL interruption requirement is verified on NR TDD carrier #2. The special slot can be set as S = 10DL: 2GP: 2UL. According to UE capability uplinkTxSwitchingPeriod and the interruption requirements defined in the above table, the PDCCH transmission as highlighted by yellow is configured right before the symbol #(DL interruption length+2 symbols SRS) on carrier #2. 
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Figure 2 Tx switching between two uplink carriers in ENDC
Proposal 2: Test case for DL Interruptions at UE switching between LTE 1Tx carrier and NR 2Tx carrier in inter-band ENDC can refer to NR SA test case, except:
-  Carrier#2 TDD UL/DL pattern is 3D1S4U, S = 10DL: 2GP: 2UL;

· The test verifies whether UE correctly receive the PDCCH scheduled on the symbol which is right before the DL interruption in special slot on carrier#2, so that it sends ACK/NACK correctly.

3. Conclusion
This contribution presents discussions on the test case of DL interruptions due to UE switching between 1Tx carrier and 2Tx carrier. Below we summarize our proposal:

Proposal 1: The test case for TX switching between NR carrier #1(FDD 15kHz) and NR carrier#2 (TDD 30kHz) in SA scenario:

-  Carrier#2 TDD UL/DL pattern is 3D1S4U, S = 6DL: 4GP: 4UL;

-  SRS configuration:

· resourceMappingstartPosition: 0

· resourceMappingnrofSymbols: n2

-  Tx switching between carrier 1 and carrier 2 happens immediately before SRS transmission in special slot

·  DL interruption length shall not exceed the value defined in Table 8.2.2.2.10-1 depending on UE capability
· The test verifies whether UE correctly receive the PDCCH scheduled on the symbol which is right before the DL interruption in slot#1 on carrier#1, so that it sends ACK/NACK correctly.

· No MRTD is set in the test.
· The test case is only applicable to UE which supports pdcch-MonitoringAnyOccasions or pdcch-MonitoringAnyOccasionsWithSpanGap.

Proposal 2: Test case for DL Interruptions at UE switching between LTE 1Tx carrier and NR 2Tx carrier in inter-band ENDC can refer to NR SA test case, except:

-  Carrier#2 TDD UL/DL pattern is 3D1S4U, S = 10DL: 2GP: 2UL;

· The test verifies whether UE correctly receive the PDCCH scheduled on the symbol which is right before the DL interruption in special slot on carrier#2, so that it sends ACK/NACK correctly.
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