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1 Introduction 
In RAN4 #62, there was little discussion on the phase error impact on CSI tests. In this contribution, we further provide discussion on this topic.
Agreed Way forward:
· RAN4 only defines the performance requirement without phase error impact and provides information on phase error impact on CQI and PMI performance to RAN5.

· RAN5 should discuss the margin. If margin is too much, then RAN4 can consider revisiting the test.

2 Phase mode

As to phase error, we propose two phase misalignment models in this contribution as shown below:
Mode 1: No calibration
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Mode 2: Antenna calibration
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Where 
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 is the i-th antenna initial phase. 
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 is the phase misalignment variance.  

Two system implementations are introduced in [2].

· System A： Test signal generation including the channel emulator operate in baseband before RF-conversion. The 
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 signal outputs are then RF-converted and input to the UE.
· System B： Test signal generation operates in baseband and the RF-converted 
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signal outputs are fed as input to the channel generator. The outputs of the channel generator (at RF level) are then input to the UE.
The signals that UE receives can be presented as below:
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Where 
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is diagonal matrix, the dimension is 
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for system A and the dimension is 
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The ergodic capacity of such a system is presented as below:
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From the formula above, it is seen that receiver side phase uncertainty has little impact on system capcity and post-SNR calculation. We can evaluate the system capcity and performance in subclasue 3, 4, 5 and 6.
3 Impact on static CQI test
The performance of static CQI test suffers from the phase misalignment since fixed codebook mismatches the static channel.  The capacity of static channel is a function of phase variance (see in subclasue 2) as shown in Figure 1a and Figure 2a for 8TX and 4TX respectively. The SNR CDF of static channel is a function of phase variance (see in subclasue 2) as shown in Figure 1b and Figure 2b for 8TX and 4TX respectively. The red line is capacity without phase calibration and we take this performance as baseline. The capacity degraded dramatically when the phase variance is large than 72 degree and there is little capacity loss when the phase variance is less than 36 degree. 
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(a)                                                                                   (b)

Figure 1: the capaticy of 8TX static channel
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(c)                                                                                   (d)

Figure 2: the capaticy of 4TX static channel

We run simulation over 10000 static CQI test realization with phase variance 36 degree and the results are shown in Table 1, Table 2, Table 3, and Table 4 for 8TX and 4TX of two codewords respectively. It seems that UE can pass the static CQI test. The purpose of the static CQI test is to test CQI estimation accurancy rather than PMI selection accurancy in static channel. So the requirement should be met regardless of each initializaion phase error although the fixed PMI mismatch the static channel in case of that the post-SNR is enough to support the data transmission.
Proposal 1: phase variance 36 degree can be adoptted for static CQI test.
Table 1 – Results for the PUCCH 1-1 reporting mode for FDD (CW1)
	SNR [dB]
	CQI distribution
	BLER

	
	Ratio of reported CQI in the range of [medianCQI-1: medianCQI+1] 
	MED - 1
	MED 
	MED + 1

	3.5
	100%
	< 10% 
	< 10% 
	>10%

	4
	100%
	< 10% 
	< 10% 
	>10%

	4.5
	100%
	< 10% 
	< 10% 
	>10%

	5
	100%
	< 10% 
	< 10% 
	>10%

	5.5
	100%
	< 10% 
	< 10% 
	>10%

	9.5
	100%
	< 10% 
	< 10% 
	>10%

	10
	100%
	< 10% 
	< 10% 
	>10%

	10.5
	100%
	< 10% 
	< 10% 
	>10%

	11
	100%
	< 10% 
	< 10% 
	>10%

	11.5
	100%
	< 10% 
	< 10% 
	>10%


Table 2 – Results for the PUCCH 1-1 reporting mode for FDD (CW2)
	SNR [dB]
	CQI distribution
	BLER

	
	Ratio of reported CQI in the range of [medianCQI-1: medianCQI+1] 
	MED - 1
	MED 
	MED + 1

	3.5
	100%
	< 10% 
	< 10% 
	>10%

	4
	100%
	< 10% 
	< 10% 
	>10%

	4.5
	100%
	< 10% 
	< 10% 
	>10%

	5
	100%
	< 10% 
	< 10% 
	>10%

	5.5
	100%
	< 10% 
	< 10% 
	>10%

	9.5
	100%
	< 10% 
	< 10% 
	>10%

	10
	100%
	< 10% 
	< 10% 
	>10%

	10.5
	100%
	< 10% 
	< 10% 
	>10%

	11
	100%
	< 10% 
	< 10% 
	>10%

	11.5
	100%
	< 10% 
	< 10% 
	>10%


Table 3 – Results for the PUCCH 1-1 submode 1 reporting mode for TDD (CW1)
	SNR [dB]
	CQI distribution
	BLER

	
	Ratio of reported CQI in the range of [medianCQI-1: medianCQI+1] 
	MED - 1
	MED 
	MED + 1

	6.5
	100%
	< 10% 
	< 10% 
	>10%

	7
	100%
	< 10% 
	< 10% 
	>10%

	7.5
	100%
	< 10% 
	< 10% 
	>10%

	8
	100%
	< 10% 
	< 10% 
	>10%

	8.5
	100%
	< 10% 
	< 10% 
	>10%

	12.5
	100%
	< 10% 
	< 10% 
	>10%

	13
	100%
	< 10% 
	< 10% 
	>10%

	13.5
	100%
	< 10% 
	< 10% 
	>10%

	14
	100%
	< 10% 
	< 10% 
	>10%

	14.5
	100%
	< 10% 
	< 10% 
	>10%


Table 4 – Results for the PUCCH 1-1 submode 1 reporting mode for TDD (CW2)
	SNR [dB]
	CQI distribution
	BLER

	
	Ratio of reported CQI in the range of [medianCQI-1: medianCQI+1] 
	MED - 1
	MED 
	MED + 1

	6.5
	100%
	< 10% 
	< 10% 
	>10%

	7
	100%
	< 10% 
	< 10% 
	>10%

	7.5
	100%
	< 10% 
	< 10% 
	>10%

	8
	100%
	< 10% 
	< 10% 
	>10%

	8.5
	100%
	< 10% 
	< 10% 
	>10%

	12.5
	100%
	< 10% 
	< 10% 
	>10%

	13
	100%
	< 10% 
	< 10% 
	>10%

	13.5
	100%
	< 10% 
	< 10% 
	>10%

	14
	100%
	< 10% 
	< 10% 
	>10%

	14.5
	100%
	< 10% 
	< 10% 
	>10%


4 Impact on fading CQI test

The performance of fading CQI test suffers from the phase misalignment since fixed codebook mismatches the fading channel including the channel initial phase.  The capacity of fading channel is a function of phase variance as shown in Figure 3 and Figure 4 for 8TX and 4TX respectively. The red line is capacity without phase calibration and we take this performance as baseline. The capacity degraded dramatically when the phase variance is large than 72 degree and there is little capacity loss when the phase variance is less than 36 degree. 
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Figure 3: the capaticy of 8TX fading channel
[image: image18.emf]0 2 4 6 8 10 12 14 16

1

2

3

4

5

6

7

8

SNR (dB)

Capacity

4TX fading CQI test

 

 

 Variance = 2*PI

 Variance = PI

 Variance = 0.4*PI

 Variance = 0.2*PI

 Variance = 0.1*PI

 Variance = 0.02*PI

 baseline Uniform distribution


Figure 4: the capaticy of 4TX fading channel
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Figure 5: the capaticy of 2TX fading channel
We run simulation over 10000 frequency-selective CQI test realization with phase variance 36 degree and the results are shown in Figure 6 for 2TX FDD and TDD respectively. There is little fluctuation for throughput gain regardless of FDD and TDD as shown in Figure 6a and Figure 6c.  The percentile of the subband differential CQI offset 0 with no phase error is almost same as the percentile of the subband differential CQI offset 0 with phase variance 0.314 as shown in Figure 6b and Figure 6d.
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(a)  Throughput gain of FDD                                              (b) CQI distribution of FDD
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(c)   Throughput gain of TDD                                         (d) CQI distribution of FDD
Figure 6: the capaticy of 2TX fading channel
5 Impact on PMI test

The performance of fading CQI test suffers from the phase misalignment since fixed codebook mismatches the fading channel including the channel initializaion phase.  The capacity of fading channel is a function of phase variance as shown in Figure 7a and Figure 7b for 8TX and 4TX respectively. The red line is capacity without phase calibration and we take this performance as baseline. The capacity degraded dramatically when the phase variance is large than 72 degree and there is little capacity loss when the phase variance is less than 36 degree. 
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(a)                                                                                           (b)

Figure 7: the capaticy of 8TX and 4TX PMI test
We run simulation over 10000 single PMI (PUSCH 3-1) test realization with phase variance 36 degree and the results are shown in Figure 8 for 8TX and 4TX respectively.  It seems that the throughput and throuput gain have little degradation when phase variance is below 36 degree.
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(a)                                                                                    (b)
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(c)                                                                                     (d) 
Figure 8: the performance of 8TX and 4TX single PMI test respectively
6 Impact on RI test

For RI test, the ergodic capacity has little degradation when phase variance is less than 36 degree as shown in Figure 9. 
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Figure 9: the capaticy of RI test
7 Conclusions

In this contribution we provide further discussion on phase error impact on CSI test. Proposals can be summarized as follow:
Proposal 1:  Antenna initial phase should be calibrated and phase error can be model as below
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Where 
[image: image33.wmf]i

j

D

 is the i-th elements initialization phase. 
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 is phase misalignment variance.  

Proposal 2: Initial phase misalignment is defined as the largest phase difference between any two signals and we proposed this value can be set to 36 degree.
Proposal 3: Test tolerance should be considered for CSI requirement in RAN5.
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