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1 Introduction

In last RAN4 meeting the following agreements had been reached in [2] to apply extra margin with certain antenna connection in order to close the WI on time. It was also agreed that companies should perform more evaluations under 4Rx maintenance work in order to revisit such value in square brackets as marked below.
· For 4Rx capable UEs without any 2Rx RF bands, all single carrier tests specified in 8.2 to 8.8 with 2Rx are tested on any of the 4Rx supported RF bands by duplicating the fading channel from each Tx antenna and add independent noise for each Rx antenna. Figure 8.1.2.6.1-1 shows an example of antenna connection for 4Rx UE in any one 4Rx supported RF band to perform a 2Rx performance test with antenna configuration as 2x2 without interference for information. The SNR requirements should be applied with [1.5] dB less than the number specified with 2Rx for test configuration with CRS-based TM and with [1] dB less than the number specified with 2Rx for test configuration with DMRS-based TM.

· Within the CA/DC configuration if any of the PCell and/or the SCells and/or PSCells is a 2Rx supported RF band, the antenna connection should follow the same method as defined in 8.1.2.6.1 for single carrier tests on any of the 2Rx supported RF bands, with same requirements specified with 2Rx applied. Within the CA configuration if any of the PCell and/or the SCells and/or PSCells is a 4Rx supported RF band, the antenna connection should follow the same as defined in 8.1.2.6.1 for single carrier tests on any of the 4 Rx supported RF bands, with the SNR requirements applied with [1] dB less than the number specified with 2Rx. 

In this contribution we provide simulation results in various conditions with the agreed antenna connection method in order to further evaluate the margin value for different test cases.
2 Simulation results for different test scenarios
2.1 Single carrier tests
2.1.1 TM1 tests with different propogation channels and Dopplers
We are taking test cases from the existing tests from [1] with the curves showing results with 2Rx, 4Rx with normal antenna connection and 4Rx with duplication of fading channel in Figure 1~4 for the following Test 1~4 in Table 1.
Table 1 Test cases picked for TM1 from [1]

	1
	10 MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	≥1

	2
	10 MHz
	R.2 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	-0.4
	≥1

	3
	10 MHz
	R.2 FDD
	OP.1 FDD
	ETU300
	1x2 Low
	70
	0.0
	≥1

	4
	10 MHz
	R.2 TDD
	OP.1 TDD
	EVA5
	1x2 Low
	70
	-1.2
	≥1
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Figure 1 TM1 test 1 results

[image: image2.png]throughput_actual

35

25

15

05

207697 207698

——m
e
SR wih duplcation|

s

o
SNRs_dB

3 s





Figure 2 TM1 test 2 results
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Figure 3 TM1 test 3 results
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Figure 4 TM1 test 4 TDD results

2.1.2 TM2 tests with different channel correlations
We are taking test cases from the existing tests from [1] with the curves showing results with 2Rx, 4Rx with normal antenna connection and 4Rx with duplication of fading channel in Figure 5~7 for the following Test 1~3 in Table 2.

Table 2 Test cases picked for TM2 from [1]

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-
	≥2

	2
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x2 Medium
	70
	6.8
	≥2

	3
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x2 High
	70
	-
	≥2
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Figure 5 TM2 test 1 results
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Figure 6 TM2 test 2 results
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Figure 7 TM2 test 3 results

2.1.3 TM3 tests

We are taking test cases from the existing tests from [1] with the curves showing results with 2Rx, 4Rx with normal antenna connection and 4Rx with duplication of fading channel in Figure 8 for the following Test 1 in Table 3.

Table 3 Test cases picked for TM3 from [1]

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-
	≥2
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Figure 8 TM3 test 1 results

2.1.4 TM4 tests with different modulation orders

We are taking test cases from the existing tests from [1] with the curves showing results with 2Rx, 4Rx with normal antenna connection and 4Rx with duplication of fading channel in Figure 9~11 for the following Test 1~3 in Table 4.

Table 4 Test cases picked for TM4 from [1]

	1
	10 MHz
	R.10 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-2.5
	≥1

	2
	10 MHz
	 R.35 FDD
	OP.1 FDD
	 EPA5
	2x2 Low
	70
	18.9
	≥2

	3
	10 MHz
	R.11 FDD
	OP.1 FDD
	ETU70
	2x2 Low
	70
	14.3
	≥2
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Figure 9 TM4 test 1 results
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Figure 10 TM4 test 2 results
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Figure 11 TM4 test 3 results

2.2 CA tests

We are taking test cases from the existing tests from [1] with the curves showing results with 2Rx, 4Rx with normal antenna connection and 4Rx with duplication of fading channel in Figure 12~14 for the following Test 1~3 in Table 5.

Table 5 Test cases picked for CA tests from [1]

	TM1
	2x20 MHz
	R.42 FDD
	OP.1 FDD (NOTE 1)
	EVA5
	1x2 Low
	70
	-1.3
	≥1

	TM3
	2x20 MHz
	R.30 FDD
	OP.1 FDD (NOTE 1)
	EVA70
	2x2 Low
	70
	13.2
	≥5

	TM4
	2x20 MHz
	R.14-3 FDD
	OP.1 FDD (Note 1)
	EVA5
	4x2 Low
	70
	10.9
	≥5
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Figure 12 CA TM1 results
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Figure 13 CA TM3 results
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Figure 13 CA TM4 results

Based on all results we propose the following tightening of the existing margin

Proposal: Tighting margin as following change.

· Single carrier CRS based TM to be 2dB, DM-RS based TM to be 1.5dB.

· CA tests to be 2dB.

· For 4Rx capable UEs without any 2Rx RF bands, all single carrier tests specified in 8.2 to 8.8 with 2Rx are tested on any of the 4Rx supported RF bands by duplicating the fading channel from each Tx antenna and add independent noise for each Rx antenna. Figure 8.1.2.6.1-1 shows an example of antenna connection for 4Rx UE in any one 4Rx supported RF band to perform a 2Rx performance test with antenna configuration as 2x2 without interference for information. The SNR requirements should be applied with [2.0] dB less than the number specified with 2Rx for test configuration with CRS-based TM and with [1.5] dB less than the number specified with 2Rx for test configuration with DMRS-based TM.

· Within the CA/DC configuration if any of the PCell and/or the SCells and/or PSCells is a 2Rx supported RF band, the antenna connection should follow the same method as defined in 8.1.2.6.1 for single carrier tests on any of the 2Rx supported RF bands, with same requirements specified with 2Rx applied. Within the CA configuration if any of the PCell and/or the SCells and/or PSCells is a 4Rx supported RF band, the antenna connection should follow the same as defined in 8.1.2.6.1 for single carrier tests on any of the 4 Rx supported RF bands, with the SNR requirements applied with [2.0] dB less than the number specified with 2Rx. 

3 Conclusion

This contribution provides more details on the antenna connections of 2Rx tests for 4Rx UEs with proposal as the following.
Proposal: Tighting margin as following change.

· Single carrier CRS based TM to be 2dB, DM-RS based TM to be 1.5dB.

· CA tests to be 2dB.

· For 4Rx capable UEs without any 2Rx RF bands, all single carrier tests specified in 8.2 to 8.8 with 2Rx are tested on any of the 4Rx supported RF bands by duplicating the fading channel from each Tx antenna and add independent noise for each Rx antenna. Figure 8.1.2.6.1-1 shows an example of antenna connection for 4Rx UE in any one 4Rx supported RF band to perform a 2Rx performance test with antenna configuration as 2x2 without interference for information. The SNR requirements should be applied with [2.0] dB less than the number specified with 2Rx for test configuration with CRS-based TM and with [1.5] dB less than the number specified with 2Rx for test configuration with DMRS-based TM.

· Within the CA/DC configuration if any of the PCell and/or the SCells and/or PSCells is a 2Rx supported RF band, the antenna connection should follow the same method as defined in 8.1.2.6.1 for single carrier tests on any of the 2Rx supported RF bands, with same requirements specified with 2Rx applied. Within the CA configuration if any of the PCell and/or the SCells and/or PSCells is a 4Rx supported RF band, the antenna connection should follow the same as defined in 8.1.2.6.1 for single carrier tests on any of the 4 Rx supported RF bands, with the SNR requirements applied with [2.0] dB less than the number specified with 2Rx. 
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