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1 Introduction
Rank indication reporting is important in the sense 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 a new Rank Indication test is proposed for 4Rx. The test is changed in the sense that the environment varies over time and thereby the maximum achievable rank changes over time as well. 
2 Background

A high rank is depending on low 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. 
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 propose to change the testcase so that the correlation is varying during the testcase.
3 Proposal of RI test
In this proposal the correlation in the UE varies over time. The propagation channel is EPA5
The correlation used in the testcases for 4x4 MIMO is defined in 36.101, Annex B.2.3 as follows
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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. 
The rational to use =0.9 is that 100% correlation in the UE receiver becomes quite strange, it is better if we study a case with a very high correlation where the number of ranks is limited, therefor this value, which is the same as the HIGH correlation model in 36.101 is proposed to be used as the max correlation 0.9. On the other side we use the minimum =0 correlation, which gives a strict orthogonal channel, which also is the same as the value used in the LOW correlation model.

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.
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Figure 1: The variation of the correlation parameter  in the UE model used in the simulations below.
This model has been simulated for IRC receivers as well as for CWIC receivers.
4 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
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. 
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Figure 2: Simulated throughput for fixed rank 1-4 using IRC receivers and for the follow rank where up to 4 layers can be used. 
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Figure 3: 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 around 20 dB all ranks seems to be useful since the gamma value is similar for all ranks. 

Below simulation results in  Figure 4 and Figure 5 are performed using only between 1 to 3 Layers.
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Figure 4: Simulated throughput for fixed rank 1-3 and for the follow rank where up to 3 layers can be used.
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Figure 5: The relative throughput gain of the follow rank case compared with fixed rank, using up to 3 Layers.
Also when limited to only 3 Layers a good testpoint seems to be around 20 dB. 
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Figure 6: 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 6 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. 
5 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. 

6 Proposals
It is 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 1. 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 correlation is recalculated every subframe and then the same constant correlation is used in that subframe. In the next subframe a new correlation is calculated. 

Observation: With a model supporting varying correlation it is easier and more relevant to test that the UE estimates the correct rank without too long delay of the estimations. 
Proposal 1: Add at least one 4x4 FDD testcase and one 4x4 TDD testcase where the UE antenna correlation varies over time as proposed in Figure 1. 
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