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1 Introduction 
In RAN4 #62, the phase error model and performance impact were studied in [1]. This is a starting point for evaluation of the sensitivity of CSI tests vs phase error. In this contribution, we further evaluate the phase error impact on the CSI performance.
2 Phase model
As to phase error, we propose two phase misalignment models in this contribution as shown below. The models below can be used for all the tests including demodulation and CSI tests.
· Model 1: No calibration


[image: image13.wmf]TBD

j

s

=


· Model 2: Antenna calibration
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Where 
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 is the i-th antenna initialization phase. 
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 is phase misalignment variance.  

There are two simulation methods for this issue:

· Method 1:  Adopt variable phase in time domain with a controllable amount of correlation.
· Method 2:  Adopt constant phase model in whole test.

The method that phase changes during one simulation would increase the workload in RAN4 and is not studied in this contribution. 
Assuming phase error obeys uniform or normal distribution, we can evaluate the test tolerance within a certain confidence interval range as shown point in Figure 1 and Figure 2. Without loss of generality, the allowable phase error of point A belongs to the high confidence interval which includes the TE test tolerance and phase error impact. The allowable phase error of point B excludes the TE test tolerance impact as shown in Figure 1. In order to accelerate the discussion, the simple model of uniform distribution with limited support value can be adopted in this simulation since the allowable phase error spans largely in normal distribution. Three limited phase cases can be evaluated as shown below.
· Case 1: The phase selected from a uniform distribution with +/-10deg max/min value，the maximum misalignment between the ports is 20deg。
· Case 2: The phase selected from a uniform distribution with +/-20deg max/min value，the maximum misalignment between the ports is 40deg。
· Case 3: The phase selected from a uniform distribution with +/-30deg max/min value，the maximum misalignment between the ports is 60deg。
Assuming that the largest phase difference between any two antennas is defined as above, we set the first half of antennas as 10deg phase error and the other half of antennas as -10deg phase error in our simulation assumptions.
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Figure 1: Uniform distribution

[image: image6.png]



Figure 2: Normal distribution

3 Impact on static CQI test

The performance of static CQI test suffers from the phase misalignment since fixed codebook mismatches the static channel including the channel initializaion phase.  Phase error leads to mismatch between static channel and the fixed PMI. However, the purpose of static CQI test is to test the CQI measurement accuracy in the case of sparse CSI-RS and CQI quantization threshold. This mismatch does not much impact the test purpose if the posted SNR would not degrade largely to the CQI level 0. The simulation results are shown in Table 1 for CQI distribution and Table 2 and Table 3 for CW1 and CW2 respectively.
The reason can be shown in the formula below:
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The test purpose is to measure the accuracy of 
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although the initialization phase error may be different case by case.
 Table 1: CQI distribution 
	SNR [dB]
	No phase error
	+/-10deg
	+/-20deg
	+/-30deg

	7
	100%
	100%
	100%
	100%

	8
	100%
	100%
	100%
	100%

	13
	100%
	100%
	100%
	100%

	14
	100%
	100%
	100%
	100%


                                                                           Table 2: BLER for CW1
	SNR [dB]
	BLER (No phase error)
	BLER (+/-10deg)
	BLER (+/-20deg)
	BLER (+/-30deg)

	
	MED - 1
	MED 
	MED + 1
	MED - 1
	MED 
	MED + 1
	MED - 1
	MED 
	MED + 1
	MED - 1
	MED 
	MED + 1

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

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

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

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


     













  Table 3: BLER for CW1
	SNR [dB]
	BLER (No phase error)
	BLER (+/-10deg)
	BLER (+/-20deg)
	BLER (+/-30deg)

	
	MED - 1
	MED 
	MED + 1
	MED - 1
	MED 
	MED + 1
	MED - 1
	MED 
	MED + 1
	MED - 1
	MED 
	MED + 1

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

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

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

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


We can find that test cases with three different simulation assumptions can all pass the static CQI test. 
4 Impact on fading CQI test

The performance of fading CQI test suffers from the phase misalignment since that fixed codebook mismatches the fading channel including the channel initializaion phase.  Phase error leads to mismatch between static channel and the fixed PMI. However, the purpose of fading CQI test is to test the CQI measurement accuracy in the case of sparse CSI-RS and punish the aggressive or conservative CQI quantization. This mismatch does not much impact the test purpose if the posted SNR would not degrade largely to the CQI level 0. The simulation results are shown in Table 4 and Table 7 for CQI distribution, Table 5 and Table 8 for BLER, Table 6 and Table 9 for throughput ratio respectively.

Table 4: CQI distribution in frequency selective CQI test
	SNR [dB]
	No phase error
	+/-10deg
	+/-20deg
	+/-30deg

	7
	0.1085
	0.1090
	0.0946
	0.0999

	8
	0.1067  
	0.1131
	0.0990
	0.0972

	13
	0.1089
	0.1167  
	0.1044
	0.0931

	14
	0.1207
	0.1103
	0.1154
	0.1029


Figure 5: BLER in frequency selective CQI test
	SNR [dB]
	No phase error
	+/-10deg
	+/-20deg
	+/-30deg

	7
	0.1932
	0.2291
	0.2045
	0.1694

	8
	0.1861  
	0.2204
	0.2170
	0.1711

	13
	0.1774
	0.2241 
	0.2283
	0.1866

	14
	0.2245
	0.2062
	0.2417
	0.2304


Figure 6: Throuputput ratio in frequency selective CQI test
	SNR [dB]
	No phase error
	+/-10deg
	+/-20deg
	+/-30deg

	7
	1.7862
	1.9642
	1.9874
	1.9347

	8
	1.8009
	 2.0049
	1.9775
	1.9330

	13
	1.8495
	2.0487 
	2.0382
	1.9547

	14
	1.8379
	1.7807
	2.1703
	1.9712


Table 7: CQI distribution in frequency non selective CQI test
	SNR [dB]
	No phase error
	+/-10deg
	+/-20deg
	+/-30deg

	4
	0.4063
	0.4469
	0.3875
	0.3812

	5
	0.4156
	0.4406
	0.4125
	0.3938

	11
	0.4375
	0.4375 
	0.4313
	0.4187

	12
	0.4531
	0.4219
	0.4500
	0.4313


Table 8: BLER in frequency non selective CQI test
	SNR [dB]
	No phase error
	+/-10deg
	+/-20deg
	+/-30deg

	4
	0.2516  
	0.3300
	0.3570
	0.3488

	5
	 0.2497   
	0.3137
	0.3338
	0.3356

	11
	0.2284
	0.2673
	0.3030
	0.3469

	12
	0.2008
	0.2491
	0.3419
	0.3225


Table 9: Throuputput ratio in frequency non selective CQI test
	SNR [dB]
	No phase error
	+/-10deg
	+/-20deg
	+/-30deg

	4
	1.1197
	0.9954
	1.1199
	1.0896

	5
	1.1166
	 1.0923
	1.1524  
	1.1255

	11
	1.1713
	1.1125
	1.2409
	1.1059

	12
	1.2459
	1.1745
	1.1294
	1.1816


Although Frequency non selective CQI with case 1 of phase error fails the test in SNR point 4dB, the second test SNR can past the test as shown in Table 9. We can find that the three simulations can all pass the fading CQI test if the requirement is set to reasonable level. 
5 Impact on PMI test

We run simulation over 10000 subframes for single PMI (PUSCH 3-1) test with three phase error parameters and the simulation results are shown in Figure 3 and Figure 4. For low correlation there is little impact on the throughtput and the throughput ratio, since there is no main direction and the phase error can be seen as part of the independent channel or the random channel initialization phase. The throughtput of followed PMI degrades with phase error increase in TDD PMI test since the phase error would disturb the beam direction and the throughtput of random PMI has little deterioration with phase error increase in high correlation channel as shown in Figure 5.
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Figure 3: The throughput of followed PMI and random PMI（FDD）
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           Figure 4: Throughput ratio in single PMI test（FDD）
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Figure 4: Throughput ratio in single PMI test（FDD）

Base on the simulation results, the phase error should be limited to an acceptable level of +/-30deg.
6 Conclusions

As to the allowable phase error, phase error should be limited to an acceptable level if the UE wants to pass performance tests and PMI tests.
Proposal 1: Initial phase misalignment is defined as the largest phase difference between any two antennas and we proposed this value can be set to [60 degree].
Proposal 2: test tolerance should be considered for the CSI requirement in RAN5.
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