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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]. In RAN4 #76-BIS, we proposed that, in order to perform legacy tests, data source from SS should be connected to all 4APs of the 4Rx UE [2]. Our proposal was accepted as one of the options in the way forward [3]:· 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.

In this contribution, we elaborate on our proposal (Option 2). 
Discussion
In this section, we first discuss legacy testing for a 4Rx UE that exclusively supports 2Rx on a subset of bands that it supports. Then, we consider the case of a 4Rx UE that supports 4Rx on all bands that it supports. For legacy testing of 4Rx UEs supporting 4Rx on all bands, we discuss the methodology of extending legacy test cases, modifying test-points and setting requirements. 
Legacy testing for UEs supporting 2Rx bands 
A 4Rx UE may not support 4Rx operation on all bands that it supports. Rather, it may have the capability to support only 2Rx operation on a subset of bands and 4Rx operation on the rest of the bands that it supports. In such a case, it is not clear how the legacy tests should be verified. In particular, two choices stand out: 
(a) Legacy tests should be performed on one of the bands belonging to the subset of bands where UE supports only 2Rx operation, or
(b) The extended legacy tests (with all 4APs of the UE connected to SS) should be performed on one of the bands belonging to the subset of bands where UE supports 4Rx operation.
Since demod and CSI test cases are supposed to be band agnostic, either of the above two options seem reasonable. However, in the band where the UE supports only 2Rx operation, the UE really is only a 2Rx UE. Hence, to ensure performance of the UE on such bands, choice (a) above is the only reasonable choice. By exercising choice (a), the purpose of conducting legacy test cases, i.e., to avoid any coverage holes, will be automatically served. Additionally exercising choice (b) will be redundant, hence there is no need to exercise choice (b).
Proposal 1: If a 4Rx UE supports 2Rx operation on a subset of the bands, then all the band agnostic legacy test cases including demodulation, CSI and RRM tests should be performed on one of the bands where UE supports 2Rx operation. 
For the RRM test cases, there are band agnostic tests and band dependent tests (measurement accuracy). The band dependent tests should be run with 4Rx configurations for the bands in which the UE supports 4Rx. The band agnostic test cases could be run in any band (with 2Rx or 4Rx), however, the tests should not be run in each configuration as this would dramatically increase the UE test time. 
Proposal 2: Band dependent RRM test cases should be run with 4Rx configurations in the bands where UE supports 4Rx and with 2Rx configurations in the bands where UE supports 2Rx. 
Legacy testing for UEs that supports 4Rx on all bands 
2.2.1 Extension of legacy test cases to 4Rx antenna configuration 
First of all, we note that, all legacy 2Rx tests are defined assuming 2APs at the UE. Hence, for each legacy 2Rx test case, the correlation matrix corresponding to antenna configuration NTx x 2 is specified, where NTx is the number of transmit antennas specified for the test. In order to extend legacy 2Rx test cases to 4Rx, such that all 4APs are connected with data source from SS, we need to specify the correlation matrix corresponding to NTx x 4 antenna configuration. In TS-36.101, legacy test cases are defined for three types of channel correlations: low, medium and high. In this section, we propose a method of extending the correlation matrix to NTx x 4 antenna configuration.
For legacy test cases defined with low correlation, the extension of the correlation matrix is straightforward. We propose that corresponding to the antenna configuration (NTx x 4) of the extended legacy test case, the correlation matrix is also low correlation. In essence, that implies that for the extended test case Tx-correlation factor   and the Rx-correlation factor β = 0.  For legacy test cases defined with high-correlation, we propose that the correlation matrix, corresponding to the NTx x 4 antenna configuration, is also high correlation. That implies that the correlation matrix corresponding to the NTx x 4 antenna configuration will have a Tx-correlation factor   and the Rx-correlation factor β = 0.9. 
Corresponding to legacy test cases with low and high correlation, desired correlation matrix for the extended legacy test case (with NTx x 4 antenna configuration) can be derived following the rule specified in Annex B.2.3.1 of TS-36.101 by setting the suitable values of α and β as described above.
For legacy test cases defined with medium-correlation, RAN4 will need to rely on the new medium correlation channel, which is currently under consideration [4]. 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 3: Legacy 2Rx test cases can be extended to 4Rx such that the correlation matrix corresponding to the NTx x 4 antenna configuration is:
· Obtained by setting Tx correlation α = 0, and Rx correlation β= 0, if the legacy test case was tested under low correlation.
· Obtained by setting Tx correlation α = 0.9, and Rx correlation β= 0.9, if the legacy test case was tested under high correlation.
· Obtained by considering the new medium correlation under study in RAN4, if the legacy test case was tested under medium correlation.
For a subset of test cases, correlation is not explicitly defined. For example in CSI test 9.3.1.1.1 of 36.101, the specified channel has the same multi-path profile between each Tx-Rx pair (Annex B.2.4 of 36.101). Since each Tx-Rx pair has the same multi-path profile, the extension of NTx x 2 channel matrix to NTx x 4 channel matrix is straightforward, i.e., in the extended test case each Tx-Rx pair of the NTx x 4 channel will have the same multipath profile, all of which will be identical to the multipath profile of the original legacy test case.
Proposal 4: Legacy test cases, where the channel profile is specified by the same multipath profile for each Tx-Rx pair, can be extended to 4Rx by applying the same multipath profile (identical to the one for all Tx-Rx pair in legacy test case) for all NTx x 4 Tx-Rx pairs.
2.2.2 Test point and Requirements 
Now, we discuss the impact of extension of the legacy test cases to the test-point and performance requirement of demod, CSI and RLM test cases.
2.2.2.1 Demod 
For all demod test cases (specified in Chapter 8 of TS-36.101), absolute performance requirements are defined. Since the purpose of conducting legacy 2Rx test cases is to ensure that the performance delivered by a 4Rx UE is no worse than that of a 2Rx UE (in an absolute sense), it is sufficient to keep the performance requirement for each extended legacy test case identical to performance requirement of their corresponding original legacy test case. Naturally, such reasoning holds as long as the test point of the extended and legacy test cases are identical. Hence, we propose that for all demod test cases, both the test point and requirement of the extended legacy test case should be identical to the corresponding legacy test case.
Proposal 5: The test point and requirement for all extended legacy demod test cases should be identical to the corresponding legacy test case.
2.2.2.2 CSI 
The performance requirement for CSI tests cases (CQI/PMI/RI) is often based on relative throughput gain. For instance, in test case 9.4.1.1 of 36.101, the ratio of throughput obtained with followed (UE reported) PMI to the throughput obtained with random PMI is used as the test metric. Essentially, the test is designed to assess if the UE is reporting such PMI which, if followed by the eNodeB, will have at least a certain precoding-gain. For a 4Rx UE operating as 4Rx, the precoding-gain of the followed PMI (with the same codebook subset restriction) may not be the same as the 2Rx UE. Hence there is a possibility that the relative throughput gain for the 4Rx UE may be different from a 2Rx UE. Moreover, a 4Rx UE should not be always expected (or required) to provide the same relative gain as a 2Rx UE. In fact, in some cases, it may be possible that the relative throughput gain achieved by a 4Rx UE is lower than the relative throughput gain achieved by a 2Rx UE. In such cases, we will need to revisit the relative throughput performance requirement and change it accordingly. Similar argument holds for other CSI test cases, e.g. RI, Subband CQI test cases, that use relative throughput as a metric. 
Note that, such modification of requirement should not considered as a relaxation, rather merely a reflection of the fact that the relative gain from followed CQI/PMI/RI can be different for 4Rx and 2Rx UE. 
Proposal 6: Corresponding to each of the legacy CSI test cases, where relative throughput gain is a performance metric, the requirement for the extended legacy test case need not be identical. For a subset of such extended legacy CSI test cases, the requirement may need to be modified in accordance with the relative throughput gain achieved by a 4Rx UE.
One of the purposes of the CQI test cases is to ensure that the UE’s CQI reporting is aligned with its demod performance. To ensure reasonable alignment, an example requirement from test case 9.2.1.7 of TS-36.101 is that  “if the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the PDSCH BLER using the transport format indicated by median CQI +1 should be greater than 0.1.”  If the extended legacy test case configures the same test point as the corresponding legacy test case, then the additional diversity gain of the 4Rx UE can sometimes result in the median CQI itself to be saturated. In such cases, the requirement of assessing the BLER with transport format indicated by median CQI + 1 would be meaningless. Hence, the test-point of such test cases need to be suitably modified. 
There are some CQI test cases (e.g.  9.3.2.1), where the UE is required to report a CQI outside the set {median CQI – 1, median CQI, median CQI + 1}, at least a certain percentage of the time. For a subset of such test cases, it may be possible that the extended legacy test case, when configured with the same test point as the legacy test case, results in a saturation of CQI, due to the additional diversity gain of the 4Rx UE. For such test cases, the extension of the legacy test case should also be accompanied by a change in the test point.
Proposal 7: Corresponding to each of the legacy CQI test case, the test point in the extended CQI test case need not be identical. The test point for a subset of extended CQI test cases may need to be modified if the diversity gain due to 4Rx results in saturation of CQI.
2.2.2.3 RRM tests 
The RRM test cases use AWGN or low correlation channels. Most of the tests are defined with only a single transmitter, however, some of the RLM test cases are also defined for 2x2 configurations. As discussed in previous sections, the extension of such test cases is straightforward by replacing the channels with 1x4 or 2x4 low correlation channels. As the RRM requirements are not changed, the requirements for these test cases should not be changed.
The only tests that may require further discussion from a requirement/SNR test point of view are the RLM test cases. Further discussion on RLM test cases are provided in our companion contribution [6].
Proposal 8: Extend RRM test cases by replacing the channels with 1x4 or 2x4 low correlation channels and maintain the same requirements and test points.

Conclusion
In this contribution, we make the following proposals for extending and modifying the legacy 2Rx test cases to verify performance of a 4Rx UE.
Proposal 1: If a 4Rx UE supports 2Rx operation on a subset of the bands, then all the band agnostic legacy test cases including demodulation, CSI and RRM tests should be performed on one of the bands where UE supports 2Rx operation.
Proposal 2: Band dependent RRM test cases should be run with 4Rx configurations in the bands where UE supports 4Rx and with 2Rx configurations in the bands where UE supports 2Rx. 
Proposal 3: Legacy 2Rx test cases can be extended to 4Rx such that the correlation matrix corresponding to the NTx x 4 antenna configuration is:
· Obtained by setting Tx correlation α = 0, and Rx correlation β= 0, if the legacy test case was tested under low correlation.
· Obtained by setting Tx correlation α = 0.9, and Rx correlation β= 0.9, if the legacy test case was tested under high correlation.
· Obtained by considering the new medium correlation under study in RAN4, if the legacy test case was tested under medium correlation.
Proposal 4: Legacy test cases, where the channel profile is specified by the same multipath profile for each Tx-Rx pair, can be extended to 4Rx by applying the same multipath profile (identical to the one for all Tx-Rx pair in legacy test case) for all NTx x 4 Tx-Rx pairs.
Proposal 5: The test point and requirement for all extended legacy demod test cases should be identical to the corresponding legacy test case.
Proposal 6: Corresponding to each of the legacy CSI test cases, where relative throughput gain is a performance metric, the requirement for the extended legacy test case need not be identical. For a subset of such extended legacy CSI test cases, the requirement may need to be modified in accordance with the relative throughput gain achieved by a 4Rx UE.
Proposal 7: Corresponding to each of the legacy CQI test case, the test point in the extended CQI test case need to be identical. The test point for a subset of extended CQI test cases may need to be modified if the diversity gain due to 4Rx results in saturation of CQI.
Proposal 8: Extend RRM test cases by replacing the channels with 1x4 or 2x4 low correlation channels and maintain the same requirements and test points. 
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