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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].  The following options for antenna connections for running legacy 2Rx tests on 4Rx UEs have emerged 
In RAN4 #77, RAN4 defined two types of 4Rx UE· 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.

· Type 1: UEs that only support 2Rx in certain bands and support 4Rx in the other bands
· Type 2: UEs that support 4Rx in all the bands
For Type 1 UEs, RAN4 arrived at a consensus that “All band independent 2Rx tests can be tested for Type 1 UEs on a 2Rx band [2]”. In RAN4 #78, it was agreed that all band dependent legacy 2Rx RRM tests will follow connection Option 2 when the test is being performed in a 4Rx band [6]. It was also agreed that RLM tests for Type 2 UEs will follow Option 2. However, the antenna connections for demod and CSI tests for Type 2 UE is still open. In this contribution, we further elaborate our proposal, i.e., Option 2, originally presented in [3].
Discussion
In this section, we first discuss the methodology for extending antenna correlation matrix for legacy 2Rx test cases to 4Rx. Then, we propose potential modifications to the CINR test points required for certain test cases so that the performance requirement of the legacy 2Rx test remains meaningful even for the extended legacy test. Finally, we will discuss the impact of concurrency of 4Rx with advance-Rx features (like FeICIC, NAICS, etc.), and discuss potential modifications to the test methodology.
Extension of antenna correlation 
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 [4], 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 1: 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 2: 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.
Modification of Test Points
In the following discussion, we will assume that the 4Rx UE will be operating in 4Rx mode only. We will separately address the possibility that a 4Rx UE may not concurrently support 4Rx mode operation with other advanced Rx feature, even while operating in a 4Rx band.
2.2.1 Demod test cases
For all demod test cases (specified in Chapter 8 of TS-36.101 [4]), 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 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 3: The test point for all extended legacy demod test cases should be identical to the corresponding legacy test case. Corresponding to the test point, the requirement for the extended legacy test cases should be same as the legacy 2Rx test cases.
2.2.2 CSI test cases
2.2.2.1 CQI tests
One of the purposes of CQI test cases (listed in Chapter 9 of TS-36.101) 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 9.2.1.1 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 a 4Rx UE in an extended legacy test case is configured the same test point as the corresponding legacy test case, then the additional diversity gain due to 4Rx operation 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.
Lower CINR test point: We note that by sufficiently lowering the CINR test point, wherever required, saturation of CQI can be avoided. With suitably lowered CINR as the new test point, the existing requirement of the legacy test case would also apply to extended legacy test case. Since a 3dB additional diversity gain is expected from 4Rx compared to 2Rx, it will be sufficient to lower CINR test points (wherever saturation of CQI is likely) by 3dB. Clearly, such lowering of CINR will be required only for high CINR test points. However, lowering only high CINR test points by 3dB will bring all CINR test points in a test, close together. Hence, to avoid saturation of CQI while maintaining the same spacing of CINR test points, we propose that for all CQI test cases, the test point be lowered by 3dB to run the extended legacy test case on a 4Rx UE.
Proposal 4: For all extended legacy CQI test cases, we propose to reduce all the CINR test points by 3dB. Corresponding to the new test points, we propose to maintain the same requirement in extended legacy test cases as the legacy 2Rx test case.
2.2.2.2 PMI tests  
Unlike CQI test, the absolute value of CINR where the test is conducted is not fixed. Rather, the test CINR point is decided by obtaining the CINR, where, with a fixed transport format configured, “random precoding” achieves 60% of the maximum achievable throughput. Hence the PMI test cases do not face the issue of saturation due to additional 3dB diversity gain due to 4Rx operation. Hence, we recommend no change to the manner in which the CINR test point is established even for the extended legacy test cases. Since “effective SNR” at which the PMI gain is being tested remains the same between legacy and extended legacy test case, we recommend that the requirements of the extended legacy test cases be the same as the legacy test case itself.
Proposal 5: For all extended legacy PMI test cases, we propose to maintain the same methodology for establishing the test point as the legacy test case and maintain the same requirement as the legacy test case.
2.2.2.1 RI tests  
RI tests are defined at fixed CINR test points. For all legacy 2Rx RI tests have the test requirement which can be one of the following 
(a) Ratio of the throughput obtained when the transmission is based on the reported rank to the throughput obtained when the transmission is based on a fixed rank = 1, is greater than a specified threshold.
(b) Ratio of the throughput obtained when the transmission is based on the reported rank to the throughput obtained when the transmission is based on a fixed rank = 2, is greater than a specified threshold
(c) Both (a) and (b) above.
With 4Rx, the absolute throughput, both with and without rank adaptation, can only increase due to diversity gain. As a function of CINR, the rank1 throughput should saturate prior to rank2 throughput. Hence with additional diversity gain due to 4Rx operation, the ratio of throughput with rank adaptation to the throughput with fixed rank = 1, is only expected to increase, not reduce. Hence for all legacy 2Rx test cases, if the only test requirement corresponding to the CINR test point is threshold, then the extended legacy test can also be conducted at the same CINR test point as the legacy 2Rx test case maintaining the same threshold requirement as legacy 2Rx test case.
Proposal 6: For all legacy 2Rx RI test cases, if the only test requirement corresponding to the CINR test point is threshold, then the extended legacy test case should be conducted at the same CINR test point as the legacy 2Rx test case maintaining the same threshold requirement as legacy 2Rx test case. 
Now, let us consider all legacy 2Rx test cases, where corresponding to a given CINR test point, threshold is defined. Let us also consider that the UE is indeed using all its 4Rx chains for purposes of demodulation. If the same CINR test point is maintained as the legacy test case, then due to the additional diversity gain, the percentage increase in throughput with fixed rank = 2  can possibly be larger than that with rank adaptation. Hence, there is no guarantee that the ratio of the throughput with rank adaptation to fixed rank = 2 can be larger than the threshold  that was defined for legacy 2Rx test case. In such a case, we will have to reduce the CINR test point by a few dBs to ensure that the same threshold  can be maintained for the extended legacy test case. The diversity benefit by doubling the number of Rx chains in expected to be least 3dB. However, we note that the CINR test point where threshold  is defined is typically at low SNR (around 0dB). Also, most of the tests are defined for EPA 5Hz channels (see 9.5.1.1-1, 9.5.2.1-1 of 36.101 [4] as examples). In low SNRs in EPA 5Hz channel, the diversity benefit is larger than 3dB, around 4dB.  We propose to reduce the CINR test point by 4dB and maintain the same requirement as the legacy test case.
Proposal 7: For all legacy 2Rx RI test cases, where corresponding to a CINR test point, threshold is defined as only test requirement, the extended legacy test case should be conducted at a lowered CINR test point compared to the legacy 2Rx test case maintaining the same threshold requirement as legacy 2Rx test case. We propose lowering the CINR test point by 4dB. If, both the thresholds, and , are defined for the same CINR test point, then the CINR test point should be lowered only to test the threshold. 
Concurrency of advance Rx features with 4Rx
So far, RAN4 has not discussed the concurrency of all the advanced Rx features with 4Rx. For instance, Rel11 onwards, FeICIC is a mandatory feature for 2Rx. However, concurrency of 4Rx and FeICIC is not yet mandatory. It is possible that to conserve baseband processing UE vendors can choose to not operate 4Rx and FeICIC concurrently. Such argument holds for any advanced Rx feature that is not mandatory along with 4Rx. Thus, in a network deployment that supports an advanced Rx feature, even Type 2 UEs can operate with the following algorithms
· Algorithm 1: UE operates as a 2Rx advanced Rx UE 
· Algorithm 2: UE operates as a 4Rx UE while supporting the advanced Rx feature
From the above possibilities, we note that there is a valid possibility that even a Type 2 4Rx UE (even with continuous scheduling) can operate as a 2Rx UE. For UEs following Algorithm 1, the test should have identical test point and requirement as the legacy test case itself. However, currently there is no way to determine if a 4Rx UE will choose to operate with Algorithm 1 or 2. Hence to avoid penalizing UEs that choose to operate with Algorithm 1, we propose that for all test case configurations (which are designed to test an advanced Rx feature), and where concurrent operation of an advanced Rx feature and 4Rx is not mandatory, we define two tests
· Extended-legacy-test1: Extended legacy test case (i.e., legacy test case extended to 4Rx antenna correlation) at the new test point (as described in Section 2.2)
· Extended-legacy-test2: Extended legacy test case (i.e., legacy test case extended to 4Rx antenna correlation) at the same test point as legacy 2Rx test case
UE will need to pass at least one two tests above to consider passing the overall test. We note that, in Section 2.2, we proposed modifying the CINR test point for some of the RI test cases and all CQI test cases. Hence the above argument is applicable only to a subset of RI and CQI test cases. In particular, the following test cases for TS-36.101 will be impacted
· RI test cases with CRS assistance information: 9.5.4.1, 9.5.4.2
· CQI test cases with CRS assistance information: 9.2.1.5, 9.2.1.6, 9.3.1.1.3, 9.3.1.1.4
· CQI test cases with enhanced receiver Type B: All test cases in 9.3.8 (6 in total)
Proposal 8: For any test case, if the test case is configured to test an advanced Rx feature, and if it is not mandatory to run 4Rx and the advanced Rx feature concurrently, then we propose that UE needs to pass at least one of the following two tests
· Extended-legacy-test1: Extended legacy test case (i.e., legacy test case extended to 4Rx antenna correlation) at the new test point (as described in Section 2.2)
· Extended-legacy-test2: Extended legacy test case (i.e., legacy test case extended to 4Rx antenna correlation) at the same test point as legacy 2Rx test case
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: 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 2: 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.
Proposals 3-6 assume that a 4Rx UE will indeed operate in 4Rx mode during the test.
Proposal 3: The test point for all extended legacy demod test cases should be identical to the corresponding legacy test case. Corresponding to the test point, the requirement for the extended legacy test cases should be same as the legacy 2Rx test cases.
Proposal 4: For all extended legacy CQI test cases, we propose to reduce all the CINR test points by 3dB. Corresponding to the new test points, we propose to maintain same requirement in extended legacy test cases as the legacy 2Rx test case.
Proposal 5: For all extended legacy PMI test cases, we propose to maintain the same methodology for establishing the test point as the legacy test case and maintain the same requirement as the legacy test case.
Proposal 6: For all legacy 2Rx test cases, if the only test requirement corresponding to the CINR test point is threshold, then the extended legacy test case can also be conducted at the same CINR test point as the legacy 2Rx test case maintaining the same threshold requirement as legacy 2Rx test case. 
Proposal 7: For all legacy 2Rx RI test cases, where corresponding to a CINR test point, threshold is defined as only test requirement, the extended legacy test case should conducted at a lowered CINR test point compared to the legacy 2Rx test case maintaining the same threshold requirement as legacy 2Rx test case. We propose lowering the CINR test point by 4 dB. If, both threshold and  are defined for the same CINR test point, then the CINR test point should be lowered only to test the threshold. 
Proposal 8: For any test case, if the test case is configured to test an advanced Rx feature, and if it is not mandatory to run 4Rx and the advanced Rx feature concurrently, then we propose that UE needs to pass at least one of the following two tests
· Extended-legacy-test1: Extended legacy test case (i.e., legacy test case extended to 4Rx antenna correlation) at the new test point (as described in Section 2.2)
· Extended-legacy-test2: Extended legacy test case (i.e., legacy test case extended to 4Rx antenna correlation) at the same test point as legacy 2Rx test case
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