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1 Introduction

The test coverage and applicability rules for 4Rx UEs were discussed in last meeting from [1] and the following agreements were made in [2] together with one more sentence captured in the chairman’s notes.

· All 2RX tests (RRM,RLM,demod,CSI) which test features supported by a 4RX UE need to be verified by the 4RX UE unless the 4RX applicability rules indicate that they do not need to be verified” 

· Applicability rules for legacy tests which would be verified by 4RX capable UE can be decided later

· RAN4 to investigate 4Rx UE test method to ensure 2Rx tests could be passed by a properly implemented UE.

In order to further progress the WI this contribution provides more details on how to fulfil test coverage and define proper test applicability rule for 4Rx capable UE.
2 Discussions 
2.1 General rules for 4Rx capable UE

It has been proposed in [1] with the following 3 rules to define the applicability rules for 4Rx UEs, in order to fulfil proper test coverage. 
· Rule 1: If the test scenario defined for 4Rx is completely identical with the legacy test scenario defined with 2Rx, except the number of Rx ports and SNR/SINR requirements, then only the new tests defined with 4Rx need to be executed and the legacy tests with 2Rx could be skipped.

· Rule 2: If the test scenario defined for 4Rx is not completely identical with the legacy test scenario defined with 2Rx, except the number of Rx ports and SNR/SINR requirements, then both the new tests defined with 4Rx and the legacy tests with 2Rx need to be executed.

· Rule 3: If a test scenario defined for 2Rx does not have a corresponding 4Rx test scenario, the legacy tests with 2Rx need to be executed. 
This is based on a fair assumption that a 4Rx capable UE won’t always be able to support all frequency bands as for certain low band the wavelength among antennas could be rather difficult to be supported by 4Rx with proper correlation. So in order to not duplicate all 2Rx tests to 4Rx the above rules should be considered to apply to requirements including RRM (legacy tests with 2Rx), RLM (in case it’s identified needed for 4Rx otherwise only legacy tests with 2Rx), UE demodulation (PDSCH, control channels) and CSI requirements for 4Rx capable UEs in order to achieve proper test coverage. For RF tests, separate discussions are needed for test coverage and applicability rules.
Proposal 1: The above Rule 1 to Rule 3 should be applied to requirements including RRM (legacy tests with 2Rx), RLM (in case it’s identified as needed for 4Rx, otherwise only legacy tests with 2Rx), UE demodulation (PDSCH, control channels) and CSI requirements for 4Rx capable UEs in order to achieve proper test coverage.

As stated in [1], 4Rx could be taken as an optional feature for Rel-13 or earlier release as long as it’s supported by RAN1 and RAN2 specifications. For RF requirements, 4Rx capable UEs only need to pass the requirements on the bands supported by such UEs with 4Rx capability. Hence, UEs only need to declare such features on the supported band and pass the RF requirements accordingly.

Proposal 2: For RF requirements, 4Rx capable UEs should declare 4Rx features on the supported band (e.g. per band) and pass the RF requirements accordingly.

For UE demodulation and CSI requirements, where the test purposes are mainly to verify baseband features for 4Rx, analogous to other RLM tests, UE demodulation and CSI requirements should be defined as band agnostic. For 4Rx capable UEs, such requirements are only requested to be executed once from any supported band.

Proposal 3: Any UE performance and CSI requirements defined with 4Rx should be band agnostic and are only requested to be executed once from any supported band.

2.1.1 Antenna connection for 2Rx tests for 4 Rx capable UEs
If it’s not feasible to extend all existing UE performance tests from 2Rx to 4Rx, it’s important to ensure all the legacy features will be tested properly by a 4Rx capable UE, without extensions of 4Rx.  Here the 2Rx tests include the following tests
· 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
In order to limit complexity for conformanc testing and to avoid UE specific test implementation it is benefitial to specify how to connect the 4 AP in the legacy tests designed for 2 AP. 

In order to achieve this goal, one easy and feasible solution is to pick only 2 of the 4 APs to be connected to the SS from TEs for the tests defined with 2 Rx, where it’s up to the UE to decide which 2Rx of the 4 are connected for such 2Rx tests. To be noted the main Tx/Rx will be always connected to ensure the proper UL transmission. Also with only 2Rx of the 4 connected it’s fair to assume that the UE will not be able to run into any 4Rx mode so it should be good enough to measure the throughput performance through it with stable performance compared to 2Rx UEs.
Proposal 4: For 4 Rx capable UEs to perform 2Rx tests it’s left to the UE to decide which 2 of the 4 Rx are connected where the main Tx/Rx is always connected, and leave the rest 2 disconnected.
2.1.2 Applicability rule for 4Rx UEs for 2Rx tests
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 5: The test applicability rule for 4Rx capable UE is 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 to decide which 2 of the 4 Rx are connected where the main Tx/Rx is always connected, and leave the rest 2 disconnected.
<end of change>

2.2 Release independent on 4Rx feature

It has been proposed to take 4Rx as an optional feature to be declared by UE and the signalling of supporting 4 layers 4x4 for TM3/4 and TM9/10 will be fixed in Rel-10 as suggested in [5]. And RAN4 will only define tests in Rel-13 of 36.101 and there is no need to touch anything in 36.307 as it should be a CA spec but not for other features. So it’s up to the UE on which release declared to pass the performance tests defined with 4Rx in Rel-13 of 36.101, possibly from Rel-10. But in order to make sure such Rel-13 requirements to be testable in RAN5 for earlier releases UE RAN4 should inform RAN5 for the testability for such requirements. But it’s up to RAN5 to decide how to implement it such flexibility.
Proposal 6: With 4Rx as an optional feature in Rel-13 and RAN4 defines UE performance requirements in 36.101 it’s up to the UE/chipsets to decide on which release to be declared to pass the performance tests defined with 4Rx in Rel-13 of 36.101, possibly from Rel-10.
Proposal 7: RAN4 should inform RAN5 to allow all Rel-13 4Rx requirements to be possible to be tested for earlier releases UEs e.g. from Rel-10. It’s up to RAN5 to decide how to implement it.
3 Conclusion

This contribution provides more details on how to achieve proper test coverage and define proper applicability rules with the observations and proposals as the following.
Proposal 1: The below Rule 1 to Rule 3 should be applied to requirements including RRM (legacy tests with 2Rx), RLM (in case it’s identified as needed for 4Rx, otherwise only legacy tests with 2Rx), UE demodulation (PDSCH, control channels) and CSI requirements for 4Rx capable UEs in order to achieve proper test coverage.
· Rule 1: If the test scenario defined for 4Rx is completely identical with the legacy test scenario defined with 2Rx, except the number of Rx ports and SNR/SINR requirements, then only the new tests defined with 4Rx need to be executed and the legacy tests with 2Rx could be skipped.

· Rule 2: If the test scenario defined for 4Rx is not completely identical with the legacy test scenario defined with 2Rx, except the number of Rx ports and SNR/SINR requirements, then both the new tests defined with 4Rx and the legacy tests with 2Rx need to be executed.

· Rule 3: If a test scenario defined for 2Rx does not have a corresponding 4Rx test scenario, the legacy tests with 2Rx need to be executed. 
Proposal 2: For RF requirements, 4Rx capable UEs should declare 4Rx features on the supported band (e.g. per band) and pass the RF requirements accordingly.

Proposal 3: Any UE performance and CSI requirements defined with 4Rx should be band agnostic and are only requested to be executed once from any supported band.

Proposal 4: For 4 Rx capable UEs to perform 2Rx tests it’s left to the UE to decide which 2 of the 4 Rx are connected where the main Tx/Rx is always connected, and leave the rest 2 disconnected.
Proposal 5: The test applicability rule for 4Rx capable UE is 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 to decide which 2 of the 4 Rx are connected where the main Tx/Rx is always connected, and leave the rest 2 disconnected.
<end of change>

Proposal 6: With 4Rx as an optional feature in Rel-13 and RAN4 defines UE performance requirements in 36.101 it’s up to the UE/chipsets to decide on which release to be declared to pass the performance tests defined with 4Rx in Rel-13 of 36.101, possibly from Rel-10.
Proposal 7: RAN4 should inform RAN5 to allow all Rel-13 4Rx requirements to be possible to be tested for earlier releases UEs e.g. from Rel-10. It’s up to RAN5 to decide how to implement it.
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