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1 Introduction
The following Table provides the tests which were agreed to be defined for CQI [1]

Table 1: Currently agreed CQI test framework for eDL-MIMO

	
	Test
	Number of codewords
	Channel bandwidth
	Reporting mode
	Propagation channel
	Antenna conf.
	Antenna corr.

	CQI tests
	Static test
	2
	10 MHz
	PUCCH 1-1
	Static
	Rx only phase errors or 2x2
	-

	
	Frequency non-selective test
	1
	10 MHz
	PUCCH 1-1
	EPA5
	Rx only phase errors/use follow PMI and 4x2 and 8x2 configuration 
	ULA H/H

	
	Frequency selective test
	1
	10 MHz
	PUSCH 3-1
	2-tap
	Rx only phase errors / use 1x2 configuration
	Full correlation


In the last meeting the way forward was defined as follows:

· Possible solutions:

· Option_1: Revert back to 2x2 configuration in both FDD and TDD tests with 2 CSI-RS ports, Rank2 transmission and 1 CRS port.

· Option_2: Use follow PMI instead of fixed PMI

· Option_3: Limitation of phase error impact (Details are provided in R4-113903)

· The following is adopted as a way forward for static test case:

· TE vendors to provide feedback on feasibility of Option_3 by RAN4#60

· Decide between Options 1-3 during RAN4#60

· The following is adopted as a way forward for the frequency tests:

· In case Option_3 from slide 2 is not feasible:

· Option_2 for the frequency non-selective scheduling test.

· 1x2 configuration for the frequency-selective scheduling test.

· Studies for the next meeting (RAN4#60):

· Timing misalignment issue (R4-113637) in the frequency-selective scheduling test.

In this contribution we discuss the way forward and we provide our view.
Option 3 corresponds to limit the phase error only between the 2 rx ports.  This mathematically corresponds to a left multiplication of the phase error matrix times the channel matrix (which has dimensions 2x2, 2x4, 2x8 for 2, 4 and 8 TX respectively).

When the phase error is applied to each tx ports, the phase error matrix would be modeled as

D1= diag(exp(jphi0), exp(jphi1), … exp(jphiNtx))

In case the phase error is applied only to the rx ports, the phase error matrix would be modeled as

D2= diag(exp(jphi0), exp(jphi1))

We can confirm that this model theoretically does not affect the performance in case of fixed PMI. This can be easily seen by considering mathematically y1 as the received signal affected by phase error applied to the tx ports and y2 the received signal affected by phase error applied to the rx ports  
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Hence the MMSE receiver would yield:
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And hence 
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​If follow PMI is considered however, the presence of a RX port phase error, depending on the implementation may have some impact in the performance. This may need to be addressed.
However, we think that this model does not represent a realistic condition. In general a clabling effect may be present between the different tx antennas resulting in a possible phase errors between all the tx ports. The solutions presented in [2] for the set up in order to achieve rx-only phase error may enforce certain implementation which is not seen to be general. Hence, our preference would be still to consider a phase error between the tx ports which may indeed happen in reality.
2 CQI static case
Under static conditions the channel is defined as follows
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In the last meeting it was shown in several contributions that phase errors do not have any effect for the 2x2 static conditions, while they do have an impact for 4TX and 8TX due to the particular channel matrix set up.

Moreover, the definition of a fixed precoder which ensures orthogonality makes the CQI test sensitive to possible phase errors which change the optimality of the PMI. Because of the frequency independent phase errors, the channel become time selective.
In [2] it was shown that follow PMI type of test could alleviate this problem. This is certainly true, as a dynamic system is able to re-optimize the precoder in order to fit the new channel conditions.  However this test is not ment to mimic realistic conditions (the channel defined in equation (1) is not realistic), but however to define an artificially static case to be able to easily test the definition of CQI. Hence, we think that follow PMI test should not be used to verify the CQI definition. Moreover, the use of static PMI may allow to isolate the CQI and to test more efficiently its definition. 
In contribution [2] is is shown that the phase error increases the mean and std deviation of the post-processing SNR for both static and fading conditions. This means that the selection of the SNR level for which the CQI requirement should be met maybe more problematic. 
However, according to the way forward in [1] for static tests we should decide among option 1 and option 3. Since we think that option 3 does not represent what will happen in reality we recommend to consider option 1 which would also solve the problems related to the increase of the spread of the SNR.
3  Frequency non-selective CQI test

According to the way forward in [1] for frequency non selective CQI test the possible options are either to consider Option 3 or follow PMI tests. Since we think that rx only phase errors does not reflect realistic conditions we prefer to use follow PMI test.  
Possible SNR test points for the frequency non-selective CQI test should be provided. 
4 Frequency selective CQI test

In the last meeting we showed that for frequency selective CQI test phase misalignment do not affect significantly the performance. This may be due to the fact that under these conditions the presence of phase misalignment does not change completely the profile of the channel as shown in figure 1.
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Figure 1. Comparison of the channel response when time misalignment and phase errors are present.

In the last meeting we showed that the statistic of the reported differential CQI is affected by time misalignment, However the requirements for index 0 (2, and 55%) are not very stringent and hence can still be passed. However, if also phase error should be considered the test may be affected as shown in [2].

According to the way forward, it was decided in the last meeting to consider option 3 or to revert back to 1x2 condition.

Also for this case, since we think that option 3 does not reflect the reality we would prefer to use the 1x2 condition which still allow to verify the CQI definition for PUSCH 3-1.

5  Conclusions

In this contribution we have discussed some open issues for the completion of the CQI testing definition.
We have confirmed that Option 3 proposed by TE vendors does not have effect into the theoretical MMSE receiver for fixed PMI.  However we think that this does not realistically reflects what will happen in reality, hence we propose to consider the alternative options which were stated in the way forward in [1]. Test points for the CQI verification should be provided.
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