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Introduction
As discussed in the contribution [1] in last meeting, testing the rank indication is important so that the NW can utilize the system capacity, and the UE gets better throughput when the best rank is used.  This gets even more important for 4Rx UEs where up to 4 layers can be used simultaneously. Here it can be assumed that the achievable rank varies over time during a communication, therefore it is important that the UE continuously tracks the number of layers that can be used to be able to following canges in the environment 
In this contribution both the legacy Rank Indication test and the modified test from [1] are studied for 4Rx. 
Background
In [1] a new test for Rank Indication was proposed. This was based on a variable antenna correlation, which is varying over time in order to change the recommended rank in the transmission. Thereby a UE which does not have a good accuracy of the rank indication report has a degraded performance. 
The rank indication testcases are based on that the throughput varies between a follow rank test a test where the rank is fixed. In order for the test to really make sense the fixed ranks that are tested should be utilised during the test so that the UE is either fixed to one rank or it is utilizing all ranks where the distribution of ranks is over more than one rank and the fixed rank is part of that distribution.
Current RI test in 36.101, section 9.5 are based on that the correct rank varies in a fading environment. Currently defined requirements are based on the ratio of the throughput when using reported rank.over the throughput when using rank 1 and the throughput when using reported rank.divided by the throughput when using rank 2.
To extend this test to verify that rank 3 or 4 are reported with a good accuracy is difficult since with a constant correlation between the antennas in a fading environment the rank does not vary much over time. 
For rank 1 and 2 this is already seen by the quite small impact on the throughput. The requirements are that the ratio between the follow rank and fixed rank 1 shall depending on testcase  be more than 0.9, 1 and 1.05 and in other testcases the ratio between the follow rank and fixed rank 2 shall be more than 1 and 1.05 in the different testcases. 
In these testcases it is the relative throughput that is tested. That means that in the cases of the ratios of the throughputs is higher than 1, the UE obviously does not report the same rank indication always. But the accuracy of the RI reporting is not known. 
For higher ranks it will be even more difficult to develop testcases based on a static environment, meaning that the fading statistics is constant, that really tests the RI reporting performance. Therefore we study different testcases..

Development of the legacy tests for rank 3 and 4

In order to test RI with the legacy test the distribution between the reported ranks should be relatively flat, thereby the UE should be forced to change the reported RI during the test to be able to pass the test. When the distribution of the rank is dominant for some rank, the test does not give much information since a UE can more or less only use the dominant rank and pass the test. Thereby the dynamics of the RI is not tested.
Therefore we have investigated the rank distribution of a test based on the legacy test with Low Correlation, Medium Correlation A and High correlation. 

Simulations
The simulations has been done on a model as stated above with
· EPA LOW correlation
· Antenna configuration 4x4
· Antenna correlation, a=0 and b is according Figure 1 above
· Practical receiver and TX EVM=6%
· BW=5MHz
· TM3


[image: C:\Users\ecstpal\Documents\3GPP\RAN4#78bis\4Rx\simulations\181207 RI prob.png]
[bookmark: _Ref447079293]Figure 1 Distribution of ranks when the correlation is Low on a EPA5 channel. 
In Figure 1 the distribution of ranks is shown for the LOW correlation. In this case it is seen that rank 3 is dominant for basically all SNRs. For high SNR it would make sense to test between rank 3 and rank 4, for very low SNR it may be possible to test between rank 2 and rank 3.
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Figure 2: The throughput of follow rank and fixed rank for EPA 5 Low correlation
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[bookmark: _Ref447226917]Figure 3: The gamma of rank 2 to 4 for EPA 5 Low correlation
In Figure 1 to Figure 3 the distribution and throughputs are shown when fixed rank is used for EPA5, Low correlation. As seen in Figure 1, rank 3  is dominant in this case and in the throughput curves this is show such that the gamma value for rank 3 is almost identical to 1.0. The gamma for the other ranks are higher, but that is not very interesting since the UE can have fixed rank 3 in the follow rank test without changing it and still pass a test.


[image: C:\Users\ecstpal\Documents\3GPP\RAN4#78bis\4Rx\simulations\181411 RI prob.png]
[bookmark: _Ref447079477]Figure 4: Distribution of ranks when the correlation is Medium Correlation A with , crosspolarized antennas on a EPA5 channel.
In Figure 2 the distribution of ranks for Medium Correlation A is shown. For this correlation rank 3 is less dominant, a test between rank 2 and rank 3 is possible for SNR between 5 and 10 dB and a test between rank 3 and rank 4 might be possible for very high SNR. 
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[bookmark: _Ref447228302]Figure 5: The throughput of follow rank and fixed rank for EPA 5 Medium Correlation A, crosspolarized antennas
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[bookmark: _Ref447228310]Figure 6: The gamma of rank 2 to 4 for EPA 5 Medium Correlation A, crosspolarized antennas
When the throughput and gamma is seen in Figure 5 and Figure 6, it is seen that the throughput of rank 3 is almost the same as for follow rank. Therefore a test based on this case will not show much.
[image: C:\Users\ecstpal\Documents\3GPP\RAN4#78bis\4Rx\simulations\181412 RI prob.png]
Figure 7: Distribution of ranks when the correlation is HIGH on a EPA5 channel.


When the correlation is changed to high correlation, it is only rank 1 and rank 2 that are feasible. One of the current legacy RI test is made with correlation HIGH at SNR=20 dB which is a good spot to test between rank 1 and rank 2 also for 4Rx UEs. 

Observation 1: It is feasible to test lower rank with these tests but we have not found any good constellation for testing reporting of Rank in case of higher rank since the throughput when rank is fixed to 3 is almost identical to the throughput when follow rank is used.


New Proposal of RI test

As seen above a reported high rank is depending on low or medium correlation between the antennas in order to get a good orthogonality between the layers. So in order to find a testcase where the rank is varying considerably over time it is proposed that the correlation varies over time. That will also happen in realistic cases when the bodies around the UE are moving, the phone is handheld etc. 
The new proposal of the RI test is based on having a varying antenna correlation in order to vary the number of layers that are feasible for MIMO transmissions. With these variations the distribution of ranks used during a follow rank test is over more ranks than for a test with fixed correlation. The propagation channel in the evaluation below is EPA5.
Depending on the correlation model both and  are in different testcases are changed to be between 0 and 0.9. The idea now is to keep the correlation in the eNB constant as =0, same as in the LOW correlation model  and the correlation parameter for the UE, , is varying between 0 and 0.9 according the plot below, that is the UE correlation is varying between LOW and HIGH correlation. As seen above this will change the ranks between a case where rank 3 or 4 is used and a case where rank 1 or 2 is used. The idea is that the rank distribution thereby is over all 4 ranks. 
This reflects that the correlation properties in the UE varies over time, since the direction to the eNB changes, the hands and the body are moving in relation to the UE to the eNB etc. Thus, it is normal that the correlation varies over time and the UE shall be able to handle that. Based on that, it is essential to test the UE over environments where the rank is varying and this is one way to create this test.



[bookmark: _Ref442108243]Figure 8: The variation of the correlation parameter  in the UE model used in the simulations below.
This reasoning is that during the 200 s when =0, the distribution between ranks is focused on high ranks as shown above, then the correlation changes during the next 50 ms. varies linearly during this period. The 50 ms means that there are 500 subframes during this period where  changes from 0.0 to 0.9. 
Thereby  in subframe i out of the 500 subframes, where the correlation is changing from 0 to 0.9, can be written as 

Thereby the correlation value changes with 0.0018 every subframe. Thereby the correlation change per subframe is very limited and a UE should be able to follow that change also with current filtering. 
Then finally when the correlation in the UE increases the ranks is decreasing to be focused on rank 1 and 2.
The time periods above are only an example that can be discussed. The period shall not be too long due to the length of the test, the test may be prolonged to include enough periods of the correlation variations. The correlation shall not change too fast either since then it might be a problem for the UE to follow varying correlation. Our thinking is that a lengt of 500 ms of the correlation variation may be in the correct order.
The testequipment need to have a varying correlation implemented and input from the test equipment vendors is essential for this work to progress.
This model has been simulated for IRC receivers as well as for CWIC receivers.

Simulations
The simulations has been done on a model as stated above with
· EPA5 propagation channel
· Antenna configuration 4x4
· Antenna correlation, =0 and  is according Figure 1 above
· Practical receiver and TX EVM=6%
· BW=5MHz
· TM3


Below the simulations on an IRC receiver on the propagation condition and the correlation model as described above. In Figure 2 the throughput with following rank as well as with fixed rank 1 – 4 are shown . In Figure 3, the ratio between the throughput of a follow RI and a fixed RI are shown for the different fixed RI cases. [image: C:\Users\ecstpal\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\DL4RX_RItest_mean_uptoRI4.png]
[bookmark: _Ref447080773]Figure 9: The distribution between ranks in a test based on the varying correlation.
In Figure 5 the distribution between ranks is shown for the proposed setup. Here it is seen that all ranks are used for a large set of SNRs. Thereby it is possible to test that the UE is utilising all ranks and there should be gains in the throughput to have a follow RI.
[image: DL4RX_rank_IRC_TP_maxRI4]
[bookmark: _Ref442106879]Figure 10: Simulated throughput for fixed rank 1-4 using IRC receivers and for the follow rank where up to 4 layers can be used. 
[bookmark: _Ref442701329]In Figure 6 the throughputs for an IRC receiver with fixed rank and follow rank are shown. Here it is seen that there is a throughput gain of follow rank compared with fixed rank for all ranks. In Figure 7 ratio of the throughputs between follow rank and fixed rank is shown. [image: DL4RX_rank_IRC_gamma_maxRI4]
[bookmark: _Ref447081365]Figure 11: The relative throughput gain of the follow rank case compared with fixed rank, using up to 4 Layers.

In the simulations above it is seen that at around 20 dB all ranks seems to be useful since the gamma value is similar for all ranks. Here it seems that a gamma value around 1.2 would be feasible for the IRC receiver.

Below simulation results in  Figure 9 and Figure 10 are performed limiting the max rank to 3 instead.
[image: DL4RX_rank_IRC_TP_maxRI3]
[bookmark: _Ref442107029]Figure 12: Simulated throughput for fixed rank 1-3 and for the follow rank where up to 3 layers can be used.

[image: DL4RX_rank_IRC_gamma_maxRI3]
[bookmark: _Ref442701772]Figure 13: The relative throughput gain of the follow rank case compared with fixed rank, using up to 3 Layers.
Also if it is preferred when limited to only 3 Layers a good testpoint seems to be around 20 dB. Here the gamma values is in the same order as if rank 4 is allowed as well.
Below a SU-MIMO receiver, CWIC is simulated to check that a SU-MIMO receiver would not fail a testcase.
[image: DL4RX_rank_CWIC_gamma_maxRI3]
[bookmark: _Ref442107155]Figure 14: The relative throughput of the follow rank case, up to 3 Layers, when using CWIC receiver, divided by the throughput of the fixed rank cases. 


In Figure 11 the results for a CWIC receiver of the relative throughput of follow rank up to three layers compared with the throughput of a fixed rank transmission is shown. It is important that UEs with advanced receivers also pass the tests. In this figure it is seen that the the performance of the CWIC receiver is similar to the performance of the IRC receiver. This is also checked for the rank 4 simulations and the result is similar for rank 4 as for rank 3. The-value in the range of 15-20 dB are similar for the two receivers. 

Observation 2: With the new rank indication test all ranks are used during the test and thereby exercising the UEs rank indication reporting.  
Observation 3: The new rank indication test is also working on an IRC receiver.
Observation 4: This test needs a varying UE antenna correlation, which in that case needs to be implemented in the test equipment. Therefore input from the test equipment vendors is essential.


Discussion
In the simulations presented above it is shown that it is feasible to add testcases where the rank really varies over time since the correlation varies over time. It is important that the UE have a good quality of the CSI reporting since that is what the NW uses for its DL transmissions. 
Based on that we think that the proposed testcase is very good for the system to be able to trust the UE reporting fully also in environments where the conditions changes. The correlation changes quite often when it is handheld or in a pocket, therefore it is reasonable to have that as a parameter to change the rank. 


Proposals
[bookmark: _GoBack]It is below proposed to add new testcase for testing that the 4Rx UE follows the rank. One proposal of a scenario where the correlation between the antennas varies over time is presented in Figure 4. Thereby the optimum rank varies over time and the test guarantees that the UE reports a rank indication that varies over time. That is essential that the UE change the reported rank fast enough to follow a change of the correlation. 
In the simulations the antenna correlation is recalculated every subframe and then the same constant correlation is used in that subframe. In the next subframe a new correlation, with a small change,  is calculated. 
Observation 1: It is feasible to test lower rank with these tests but we have not found any good constellation for testing reporting of Rank in case of higher rank since the throughput when rank is fixed to 3 is almost identical to the throughput when follow rank is used.
Observation 2: With the new rank indication test all ranks are used during the test and thereby exercising the UEs rank indication reporting.  
Observation 3: The new rank indication test is also working on an IRC receiver.
Observation 4: This test needs a varying UE antenna correlation, which in that case needs to be implemented in the test equipment. Therefore input from the test equipment vendors is essential.
Proposal 1: If it is feasible to have varying UE correlation in the test equipment, add at least one 4x4 FDD testcase and one 4x4 TDD testcase where the UE antenna correlation varies over time as proposed in Figure 4. 
Proposal 2: If it not is feasible to have varying UE correlation in the test equipment, add at least one testcase for FDD and one for TDD in Medium Correlation A  checking that the rank indication uses both rank 3 and 4. 
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