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1 Introduction

In RAN4#76bis meeting for the antenna connection to perform 2Rx tests for 4Rx capable UEs it is agreed in the way forward as following in [1].

· Antenna connection options

· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.

· Option 2: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.

· Option 3: Mixed Option 1 and 2 case by case.

· Interested companies are invited to bring more inputs in next meeting. For option 2, impact to example 2RX test cases may be used to provide the further input

In this contribution we provide analysis on pros and cons for all the options for the antenna connection to perform 2Rx tests for 4Rx capable UEs.
2 Analysis of different options
In this part we analyse different options from all aspects as following in order to have a better overview of all the options on the table.
2.1 Option 1

· Performance
· The performance would reflect the condition when 4Rx UE uses 2Rx so the features defined with 2Rx would be properly verified.

· Test cost

· Legacy test equipment can be reused to perform legacy 2Rx tests with no need to upgrade with 4Rx feature, in order to save test cost. This means legacy test equipment for legacy tests and Rel-13 test equipment for 4Rx tests can be run in parallel to save test time.
· UE implementation
· Some UE companies had concerns that with only2 of 4 Rx connected it may impact the UE implementations for such legacy tests. However if the antanna connections follow the case when 2 of 4Rx connected to data source from SS and another 2 of 4Rx connected to zero input it could reflect certain practical condition when there is high power imbalance among antennas or very low signal level on certain antannas. The 4Rx UE should be able to cope with such condition either using 2of the 4Rx or using all 4Rx but with diversity gain only available among 2Rx. So from UE implementation point of view such antenna connection is mapping to practical condition to verify the legacy tests. Also together with UE declaration it should leave enough freedom to UE implementation for such tests in order to fulfil the purpose of verifying legacy 2Rx tests.
· Test coverage
· With such antenna connection approach it could be applied to all legacy tests including RRM, RLM, UE demodulation and CSI tests with equivalent performance compared to 2Rx. 
· Test configuration

· The existing test configuration defined in RRM, RLM, UE demodulation and CSI tests are still valid with no need of modifications, including the channel correlation model etc.
Observation 1: Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including RRM, RLM, UE demodulation and CSI tests with equivalent performance compared to 2Rx, with possibility to resue legacy test equipment to perform legacy tests to save cost.

2.2 Option 2

· Performance
· The performance would reflect the condition when 4Rx UE uses all 4Rx. The potential risk is the features defined with 2Rx can’t be properly verified, e.g FeICIC tests to verify CRS-IC implementation defined with 2Rx. The gain can’t be distinguished from 4Rx diversity gain or CRS-IC gain. By this approach it is similar to WCDMA 1Rx tests where all the 1Rx tests became meaningless with too loose requirements for UEs always using 2Rx connected to pass the tests.
· Test cost

· All the legacy tests together with new 4Rx tests need to be performed with new test equipment or require upgrading from legacy test equipment which brings in more cost to UE companies.
· Test coverage

· For RLM requirements it was agreed with no new requirement defined for 4Rx so only existing RLM requirements defined with 2Rx will be reused for 4Rx UEs. With 4 Rx connected the risk for using all 4Rx paths to fail the tests will be bigger.
· Test configuration

· The existing test configuration with medium or high correlation will require new channel model to be defined for all legacy tests from all legacy releases with 4Rx, in the meanwhile the performance will be different considering the channel matrix will be different with 4Rx. So all requirements need to be revisited too.
· There are 32 demodulation tests with medium correlation and 15 CSI tests with high correlation defined in 36.101. Some example tests of using 4Rx all connected are listed below. All the example tests listed below require new channel correlation matrix and antenna configuration with 4Rx. And because the correlation matrix changes with 4Rx the same requirements defined from 2Rx are not valid anymore. With higher correlation the performance of using 4Rx gain is not linear scaled compared to using 2Rx either so this means all these tests need to be redefined for 4Rx and with new requirement mapping to using all 4Rx.
· Example test 1: FeICIC tests with medium correlation
8.2.1.2.3
Minimum Requirement 2 Tx Antenna Ports (demodulation subframe overlaps with aggressor cell ABS)
Table 8.2.1.2.3-2: Minimum Performance Transmit Diversity (FRC)

	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions (NOTE 1)
	Correlation Matrix and Antenna Configuration
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum Throughput (%) NOTE 5
	SNR (dB) (Note 2)
	

	1
	R.11-4 FDD (NOTE 4)
	OP.1 FDD
	OP.1 FDD
	EVA5
	EVA 5
	2x2 Medium
	70
	3.4
	≥2


· Example test 2: SU-MIMO tests with medium correlation

8.2.1.3.1C
Enhanced Performance Requirement Type C - 2 Tx Antenna Ports with TM1 interference
Table 8.2.1.3.1C-1 Test parameters for Larger Delay CDD (FRC) with TM1 interference

	Parameter
	Unit
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Downlink power allocation
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	dB
	-3
	0
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	-3 (NOTE 1)
	0
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	0
	0

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna port 0

	Cyclic Prefix
	
	Normal
	Normal

	Cell ID
	
	0
	1

	Transmission mode
	
	3
	NOTE 2
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	dBm/15kHz
	-98
	N/A
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	dB
	Reference Value in Table 8.2.1.3.1C-2
	12.95

	Correlation and antenna configuration
	
	Medium (2x2)
	Medium(1x2)


· Example test 3: Frequency non-selective scheduling mode for CQI tests
9.3.2.1
Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol)
Table 9.3.2.1.1-1 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	dB
	0

	SNR (Note 3)
	dB
	6
	7
	12
	13
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	dB[mW/15kHz]
	-92
	-91
	-86
	-85
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	High (1 x 2)


Observation 2: Option 2 couldn’t really verifying the legacy features as the performance gain can’t be distinguished from 4Rx diversity gain or certain advanced receiver gain, while also requires all new test equipment supporting 4Rx to perform legacy tests with high cost to upgrade all legacy equipment, with certain risk to fail the RLM requirements defined with 2Rx, and requires huge effort to update the legacy tests with new correlation models together with SINR/SNR requirements.

2.3 Option 3

The Option 3 gives the same complexity as Option 2 while has no benefit on simplicity point of view for the test equipment.
Observation 3: The Option 3 gives the same complexity as Option 2 while has no benefit on simplicity point of view for the test equipment.

3 Proposal on the antenna connection
Based on the above observations we think Option 1 should be taken as the antenna connection solution to further perform the 2Rx tests which include
· All legacy tests defined with 2Rx including UE demodulation, CSI, RRM, RLM from earlier releases than Rel-13
· All tests that will be defined with 2Rx including UE demodulation, CSI, RRM, RLM in Rel-13 and later releases
Proposal 1: Option 1 should be taken as the antenna connection solution to further perform the 2Rx tests which include

· All legacy tests defined with 2Rx including UE demodulation, CSI, RRM, RLM from earlier releases than Rel-13

· All tests that will be defined with 2Rx including UE demodulation, CSI, RRM, RLM in Rel-13 and later releases
To further visualize Option 1 with 2 of the 4 Rx connected with data source from SS it’s beneficial to connect the rest of the 2 Rx with zero input in order to avoid any image leakage problem with unconnected AP.

Proposal 2: Based on Option 1 connect the rest of the 2 Rx with zero input in order to avoid any image leakage problem on unconnected AP.
Then it’s important to have proper applicability rules for all 2Rx tests including single carrier tests and CA tests.

Based on the proposals and analysis above the text proposal for the test applicability rule for 4Rx capable UE is provided as following as draft specification proposal for [3] and [4] for reference.

Proposal 3: The antenna connection and applicability rule for 4Rx capable UE are provided as following as draft specification proposal for [3] and [4] for reference.

<start of change>

8.1.2.X
Applicability and test rules for 4 Rx capable UEs

8.1.2.X.1
Applicability and test rule for single carrier test

For FDD tests specified in 8.2.1X, all tests specified with 2 Rx with single carrier are tested with 4 Rx capable UEs with antenna connection specified in 8.1.2.X.3, on anyone of the 2 Rx supported band as band agnostice tests. And all tests specified with 4 Rx are tested with 4 Rx capable UEs, on anyone of the 4 Rx supported band as band agnostice tests, unless otherwise stated.

For FDD tests specified in 8.4.1.1X, 8.4.1.2.1X, and 8.4.1.2.2X with single carrier, if corresponding tests are tested with 4 Rx, the test coverage can be considered fulfilled without executing tests with 2 Rx.
8.1.2.X.2
Applicability and test rule for CA and DC tests

For FDD tests specified in 8.2.1X, all tests specified with 2 Rx with CA and DC are tested with 4 Rx capable UEs with antenna connection specified in 8.1.2.X.3 for PCell and the SCells or PSCells that are supported by 4 Rx, with the same applicability rules defined in 8.1.2.3, 8.1.2.3A, 8.1.2.3B for CA, DC, TDD-FDD CA applied for different CA and DC configurations and bandwidth combination sets.
8.1.2.X.3
Antenna connection on tests specified with 2Rx for 4 Rx capable UEs

For 4 Rx capable UEs to perform the 2Rx tests specified with 2 Rx, it’s left to the UE’s declaration and AP configuration to decide which 2 of the 4 Rx are connected with data source from system simulator, and connect the rest 2 Rx with zero input.
<end of change>

4 Conclusion

This contribution provides more details on the antenna connections of 2Rx tests for 4Rx UEs with the observations and proposals as the following.
Observation 1: Option 1 fulfills the purpose of verifying legacy 2Rx tests feature, covering all required legacy tests including RRM, RLM, UE demodulation and CSI tests with equivalent performance compared to 2Rx, with possibility to resue legacy test equipment to perform legacy tests to save cost.

Observation 2: Option 2 couldn’t really verifying the legacy features as the performance gain can’t be distinguished from 4Rx diversity gain or certain advanced receiver gain, while also requires all new test equipment supporting 4Rx to perform legacy tests with high cost to upgrade all legacy equipment, with certain risk to fail the RLM requirements defined with 2Rx, and requires huge effort to update the legacy tests with new correlation models together with SINR/SNR requirements.

Observation 3: The Option 3 gives the same complexity as Option 2 while has no benefit on simplicity point of view for the test equipment.

Proposal 1: Option 1 should be taken as the antenna connection solution to further perform the 2Rx tests which include

· All legacy tests defined with 2Rx including UE demodulation, CSI, RRM, RLM from earlier releases than Rel-13

· All tests that will be defined with 2Rx including UE demodulation, CSI, RRM, RLM in Rel-13 and later releases
Proposal 2: Based on Option 1 connect the rest of the 2 Rx with zero input in order to avoid any image leakage problem on unconnected AP.
Proposal 3: The antenna connection and applicability rule for 4Rx capable UE are provided as following as draft specification proposal for [3] and [4] for reference.

<start of change>

8.1.2.X
Applicability and test rules for 4 Rx capable UEs

8.1.2.X.1
Applicability and test rule for single carrier test

For FDD tests specified in 8.2.1X, all tests specified with 2 Rx with single carrier are tested with 4 Rx capable UEs with antenna connection specified in 8.1.2.X.3, on anyone of the 2 Rx supported band as band agnostice tests. And all tests specified with 4 Rx are tested with 4 Rx capable UEs, on anyone of the 4 Rx supported band as band agnostice tests, unless otherwise stated.

For FDD tests specified in 8.4.1.1X, 8.4.1.2.1X, and 8.4.1.2.2X with single carrier, if corresponding tests are tested with 4 Rx, the test coverage can be considered fulfilled without executing tests with 2 Rx.
8.1.2.X.2
Applicability and test rule for CA and DC tests

For FDD tests specified in 8.2.1X, all tests specified with 2 Rx with CA and DC are tested with 4 Rx capable UEs with antenna connection specified in 8.1.2.X.3 for PCell and the SCells or PSCells that are supported by 4 Rx, with the same applicability rules defined in 8.1.2.3, 8.1.2.3A, 8.1.2.3B for CA, DC, TDD-FDD CA applied for different CA and DC configurations and bandwidth combination sets.
8.1.2.X.3
Antenna connection on tests specified with 2Rx for 4 Rx capable UEs

For 4 Rx capable UEs to perform the 2Rx tests specified with 2 Rx, it’s left to the UE’s declaration and AP configuration to decide which 2 of the 4 Rx are connected with data source from system simulator, and connect the rest 2 Rx with zero input.
<end of change>
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