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Introduction
In RAN4 #76, RAN4 arrived at the consensus that all legacy 2Rx tests (RRM, RLM, demod and CSI) need to be verified by 4Rx UE unless the 4Rx applicability rules indicate that they do not need to be verified [1]. Such testing is required to avoid any coverage holes in testing 4Rx UE and to make sure that 4Rx UEs will not have worse performance compared to 2Rx UEs.  In this contribution, we provide details on our proposal on the applicability and test procedures for a 4Rx UE in the context of RF and performance testing.
Discussion
Antenna connections for legacy tests for 4Rx capable UEs
In order to apply legacy tests to a 4Rx UE, an important point of contention is the manner in which the 4APs of the 4Rx UE are connected to the test equipment. Broadly, two options exist:
· Option 1: Connect all four APs to the test equipment.
· Option 2: Connect only two APs to the test equipment and leave the other two antenna ports open or provide them zero input.
We propose that Option 1 should be adopted. We corroborate our viewpoint by observing how the 4Rx UE behaves in real life. In practice, a 4Rx UE will receive OTA signal on all 4APs. Hence, in practice a 4Rx UE can choose to operate by processing the signal received on all or any subset of the 4APs. Thus, it is only reasonable to assume that when a 4Rx UE is being tested, it should be tested such that all the 4APs are connected and receiving signals from the TE. 
On the other hand, if for testing purposes Option 2 is exercised, then the test itself is not emulating reality, i.e., in real life it is not possible to imagine a scenario where two (out of the 4) APs in a 4Rx UE will not receive any signal. Moreover, exercising Option 2 will require selection of two APs to connect to test equipment. Such a requirement will put the UE in some unrealistic conditions and does not guarantee that the UE will actually meet the requirements in practice when all 4 APs are connected. Thus, it is not appropriate to test a 4Rx UE with only 2APs connected.
As described by [2], the purpose of running legacy tests on a 4Rx UE is to avoid any coverage holes and to make sure that the 4Rx UEs do not perform any worse than a 2Rx UE in similar conditions , i.e., 4Rx UE should be able to meet all requirements for a 2Rx UE. Hence, it is sufficient to ascertain that the requirements that are met by a 2Rx UE are also met by a 4Rx UE. It is not required to additionally force the 4Rx UE to be connected as a 2Rx UE while tested for meeting the requirements of a 2Rx UE.
Proposal 1:  For a 4Rx capable UE, all tests should be run with all four APs of the UE connected to the test-equipment.
Extension of legacy tests to 4Rx and Requirements
Exercising Option 1, naturally raises two important questions 
1. How can the legacy tests, which are defined for 2Rx be extended to 4Rx?
2. What should the requirement be for legacy 2Rx tests extended to 4Rx for a 4Rx UE?
The answer to the first question will largely depend on the channel conditions of the legacy 2Rx test. All the legacy tests which test a 2Rx UE under low-correlation channel conditions can be extended in a  straightforward manner by adding additional channels such that channel between each Tx-Rx pair (for all 4Rx) continue to have low-correlation and independent noise.  In order to extend legacy test cases that are defined with medium correlation channel, RAN4 will need to rely on the new medium correlation channel, which is currently being studied [3]. In case RAN4 defines new test cases, under the new medium correlation channel for a 4Rx UE, such that it encompasses a 2Rx legacy test, and has a tighter requirement than the legacy test, then the legacy test case maybe skipped.
Proposal 2: Legacy test cases which are tested under low correlation channel conditions can be extended to 4Rx such that channel between each Tx-Rx pair (for all 4Rx) continue to have low correlation and independent noise. Legacy test cases which are tested under medium correlation channel conditions can be extended to 4 Rx by using the new medium correlation channel to be defined RAN4.
Since the extended legacy tests are intended to test whether the 4Rx UE can achieve the same requirement as a 2Rx UE, we propose that the requirement of the extended legacy tests should remain the same as the original legacy test. Maintaining the requirement same as the legacy test will ascertain that the 4 Rx UE meets the minimum requirements of the 2Rx UE. Further, it will also ensure that RAN4 will not be overloaded with defining requirement for each test case from scratch. 
We note that, maintaining the same requirement maybe favorable to the 4Rx UE. However, we also note that purpose of the legacy test itself is to ensure that the 4Rx UE meets the same requirements as 2Rx UE. RAN4 is separately defining new test cases to test the 4Rx capability of the 4Rx UE. Hence it is only reasonable to assume that requirement of each extended legacy test case should be identical to the original legacy test case.
Proposal 3: The requirement for each extended legacy test case should be identical to that of the legacy test case.
RF testing for 4Rx UEs
For RF testing, we propose to perform the tests only with all 4Rx connected to the test equipment. This is the most appropriate way to ensure that the 4Rx UEs meets all the new requirements defined. 
In order to make sure that a 4Rx UE does not perform any worse than a 2Rx UE, it could be argued that the UE should also pass some 2Rx test variant. Two possible options would be: 
1) testing a designated pair of 2 receivers against the 2Rx requirements
2) testing all 2Rx pairs against the 2Rx requirements
Option 1 is not really relevant as it does not guarantee in any way that the UE will actually still meet the test requirement in real network operation when radio signals reach all 4 antenna ports. Option 2 does show that any pair of receivers can meet the 2Rx requirements, however, this means that the testing time would be increased at least 6 times. Considering a UE that will support multiple CA combinations, such an increase in testing time will be unsustainable. Furthermore, from a pure RF implementation point of view, testing all 2 Rx pairs could actually render the 4 Rx test irrelevant as the receiver characteristics are already accounted for. Since 4Rx UEs will have to meet all the requirements defined for 2Rx UEs, it is ensured that the performance of these devices is at least as good as that of 2Rx UEs.
Proposal 4: The RF tests should only be performed with all 4 receivers connected to the test equipment.
Conclusion 
In this contribution, we described in detail the test procedure for a 4Rx UE. Following are the proposals:
Proposal 1:  For a 4Rx capable UE, all tests should be run with all four APs of the UE connected to the test-equipment.
Proposal 2: Legacy test cases which are tested under low correlation channel conditions can be extended to 4Rx such that channel between each Tx-Rx pair (for all 4Rx) continue to have low correlation and independent noise. Legacy test cases which are tested under medium correlation channel conditions can be extended to 4 Rx by using the new medium correlation channel to be defined RAN4.
Proposal 3: The requirement for each extended legacy test case should be identical to that of the legacy test case.
Proposal 4: The RF tests should only be performed with all 4 receivers connected to the test equipment.
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