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1  Introduction
In RAN4 #59, it was pointed out by several test equipment vendors that LTE BS emulators do not calibrate phases across different transmit antenna ports. This is not an issue for RAN4 tests using fading channels because fading channels itself introduce different phases for different Tx/Rx antenna pair. However for tests using MIMO static channels, codebook subset restrict is specifically designed for a static propagation channel. Random phases across Tx antenna ports would alter the static channel model, which could in turn make the predefined codebook subset non-optimal and the resulting performance unpredictable.
In this paper we will analyze this issue in the framework of Rel 8/9/10 UE CSI and demodulation tests.
2  Rel 8/9 tests using the static channel
In Rel 8 and 9, the static propagation channel is used in CQI reporting tests using PUCCH 1-1 and sustained data rate tests. The sustained data rate tests use 2x2 TM3. Codebook subset restriction does not affect the performance in this case because for a given number of layers the codebook is fixed. However for the CQI test, 2x2 TM4 with rank 2 is used and codebook subset restriction can affect the performance because there are multiple options of rank 2 precoders.
To analyze the issue, we can model the received signal of the CQI tests in the following.
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where H is the static channel defined in B.1 of 36.101; 
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is a 2x2 diagonal matrix modelling the phases at the transmitters; W is the precoder; D is the data vector; N is the noise vector. In particular
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The capacity of such a system is 
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(1)
where σn2 is the noise power. Note that 
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is not part of the equation so the phase uncertainty at BS Tx ports does not change the capacity for any precoder. Moreover if the CQI estimation for each codeword is based on post processing SINR, 
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(2)
which again is independent of 
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. Therefore UE undergoing the CQI test should generate the same CQI and BLER statistics for any 
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. From the analysis, we can conclude that this issue has no impact on the Rel 8/9 UE performance test.
Observation 1: BS TX antenna port phase uncertainty has minimal impact on the results of Rel 8/9 UE performance tests using the static propagation channel in B.1 of 36.101.

3  Rel 10 tests using the static channel
New sustained data rate tests were added for Rel 10 to test CA capabilities. The new tests still use 2x2 TM3 so using the static channel is not a problem for the same reason like Rel 8/9 sustained data rate tests. For the CQI test under AWGN condition [1], it uses the same methodology as the corresponding Rel 8/9 test but a 4x2 static channel model and TM9 are employed instead for the FDD test. With this change, H becomes a 2x4 matrix and 
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becomes a 4x4 matrix expressed in the following. 
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Because HH ∙H cannot be an identity matrix of size 4, the effect of 
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cannot be eliminated in capacity and post SINR calculation as shown in equation (1) and (2). Therefore to maximize the capacity, different precoder may be required for different 
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.
To see how exactly BS Tx port uncertainty impacts the PMI selection, simulation is done based on the CQI test under AWGN conditions and the 2x4 static channel model in [1]. Random phases are introduced to each of the BS Tx ports independently. Phases are changed every 10 subframes during the 10000 subframe simulation. Codebook subset restrict is turn off to see how PMI is selected by UE. 
It is found that the selected PMIs are limited to 4 out of 16 available rank 2 precoding matrices with the following probabilities.

	Rank 2 precoder index
	9 (same as [1])
	13
	16
	4

	Probability
	37%
	25%
	25%
	13%


Although the phase uncertainty of the BS Tx ports dramatically changes the propagation channel, some structure of the channel model remains. The structure makes the best precoder limited to a subset of the entire rank 2 precoding matrices.
The variation of 
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over time also plays an important factor in the test. If 
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is static over the duration of testing, limiting to one precoder may yield testing results satisfying the CQI and BLER requirements. However the CQI statistics are repeatable if the same test is done at a different time because 
[image: image17.wmf]Q

is different. If 
[image: image18.wmf]Q

can vary in the test duration, ways to do codebook subset restriction can determine pass/fail results, as shown in the following simulation results. The results show that using the codebook subset in [1] can greatly increase the variance of CQI report, thus failing the test requirement. On the other hand, if the codebook subset includes three more codewords, the CQI reporting statistics is identical to the case without codebook subset restriction.
	Precoder index included in codebook subset restriction
	9 (same as [1])
	9, 13, 16
	9, 13, 16, 4
	All 16 precoders

	Median CQI1
	8
	10
	10
	10

	Prob. that CQI1 falls within {median CQI1-1, median CQI1+1}
	0.57
	0.87
	1
	1


From the analysis above, we provide three options to revise the CQI test under AWGN condition in [1].
Option 1: Mandate test equipment to calibrate Tx port phases and eliminate the phase uncertainty issue.

Option 2: Change the CodeBookSubsetRestriction bitmap in Table 1 (FDD) of [1] to 0x0000 0000 9108 0000, so that it includes rank 2 precoding index 4, 9, 13, and 16. CodeBookSubsetRestriction bitmap for the TDD test is to be determined.
Option 3: Change the propagation condition and antenna configuration to 2x2 static channel for both FDD and TDD in [1]. It will eliminate the impact of phase uncertainty like Rel 8 and 9 tests. Only one CRS port should be configured to ensure UE using CSI-RS for CQI estimation.
4 Conclusion

In this contribution, we analyze the impact of BS Tx port phase uncertainty on Rel 8/9/10 UE performance test. It is concluded that the phase uncertainty issue is not a concern for Rel 8/9 tests. For the Rel 10 CQI test under AWGN condition, the phase uncertainty issue can make the testing results unrepeatable or fail to pass performance requirements. Three options to fix the issue are provided for discussion.
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