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1 Introduction

In previous meetings RAN 4 decided to progress the work on eDLMIMO CSI reporting requirements by considering the following:

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.

In RAN 4 #63 the following has been decided in order to progress the work in this area:
· Phase error should be static throughout simulation.

· Phase error is introduced on a per antenna basis.

· Single PMI TDD test will be used as the evaluation scenario.

· Phase errors from 0 to 20 degrees should be evaluated.

· Interested companies can use uniform distributed phase errors for each antenna to see the impact of phase errors and make proposals on the tolerable phase errors.

· Worst case is not easy to be identified for the single PMI test. Companies are encouraged to study the worst case scenario and propose new method in the next meeting. One possibility is to use +/- max theta for phase errors instead of uniform distribution.
In this paper we provide simulation results for the above agreed conditions
2 Discussion
The phase error on each antenna is modelled as 
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for p=0,… P-1 where (p is defined as follows

Case 1. (p~U(-(MAX,(MAX) and 
(MAX = {5, 10, 15, 20, 25} deg

It should be noted that in this case the phase error between any couple of antennas will be defined as
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With the corresponding pdf as follows:
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Where Tri(a,b) is the Triangular function with support in (a,b).

Case 2. Two points distribution probability for each antenna branch, (p takes values in the finite space ({-(MAX, (MAX} with symmetrical probability and (MAX = {5, 10, 15, 20, 25} deg.

Results for Case 1: Single PMI TDD test
In this section we provide the results when considering for each (MAX, 100 runs with random (p for each antenna according to the pdf defined in Case 1.
Figures 1-5 show the sensitivity of the PMI test for (MAX = {5, 10, 15, 20, 25} deg.
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Figure 1. Sensitivity of the single PMI test for TDD, Case 1, (MAX =5 
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Figure 2. Sensitivity of the single PMI test for TDD, Case 1, (MAX=10°
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Figure 3. Sensitivity of the single PMI test for TDD, Case 1, (MAX =15
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Figure 4. Sensitivity of the single PMI test for TDD, Case 1, (MAX =20
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Figure 5. Sensitivity of the single PMI test for TDD, Case 1, (MAX =25

From the figures above it can be seen that the variability of the test at 70% throughput becomes large for maximum phase errors equal or above 20°. 

Figures 6 and 7 show the spread in terms of gain and SNR at 70% of maximum Tfollow.
As it can be seen from Figure 6 the gain decrease by 0.6 to 1.1 when increasing the maximum per antenna phase error from 5° to 25°. The average gain decreases by 0.4 at 25°.  In terms of SNR the largest SNR is ~0.4dB at 25° max phase error.   Note that with no imperfection the gain vs SNR is shown in Figure 8.
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Figure 6. Maximum and Minimum gain  w.r.t maximum phase error per antenna at 70% of maximum Tfollow.
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Figure 7. Maximum and Minimum SNR w.r.t maximum phase error per antenna at 70% of maximum Tfollow.
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Figure 8. Gain vs SNR for the ideal case when no imperfections are considered.
Table 1 provides the details of the instantaneous and the normalized instantaneous per antenna phase error for which the gain loss is maximum for each (MAX.

Table 1. Instantaneous and the normalized instantaneous per antenna phase error for which the gain loss is maximum for each (MAX.

	
	Per antenna imbalance vector (
	Normalized per antenna imbalance vector ((/(MAX)

	(MAX = 5
	{1.4365, 4.7363, 2.4475, 4.2221, 3.6994, 0.4180, 3.7598,2.4112}
	{0.2873,  0.9473,  0.4895,  0.8444,  0.7399,  0.0836,  0.7520,  0.4822}

	(MAX = 10
	{1.7076, 9.9180, -5.9271, 8.8509, -0.0689, -1.3627, -1.3304, -6.9656}
	{0.1708,  0.9918, -0.5927,  0.8851, -0.0069, -0.1363, -0.1330, -0.6966}

	(MAX = 15
	{-12.4922, 7.7838, 13.3050  -13.1714, 7.7550, 12.1297, 5.2545, 5.3138}
	{-0.8328,  0.5189,  0.8870, -0.8781,  0.5170,  0.8086,  0.3503,  0.3543}

	(MAX = 20
	{12.0183, 11.5370, -8.5108, 14.4901  -10.5323, 16.5309, 15.9705  -10.1209}
	{0.6009,  0.5769, -0.4255,  0.7245, -0.5266,  0.8265,  0.7985, -0.5060}

	(MAX = 25
	{-20.8203, 12.9730, 22.1750  -21.9524, 12.9251, 20.2162, 8.7576, 8.8563}
	{-0.8328,  0.5189,  0.8870, -0.8781,  0.5170,  0.8086,  0.3503,  0.3543}


Results for Case 2: Single PMI TDD test
In this section we provide the results when considering for each (MAX, 100 runs with random (p for each antenna according to the pdf defined in Case 2.

Figures 9-13 shows the sensitivity of the PMI test for (MAX = {5, 10, 15, 20, 25} deg.

From the figures above it can be seen that the variability of the test at 70% throughput becomes large already for maximum phase errors equal or above 10deg.  Clearly the throughput gain is affected more drastically when this finite state model is applied compared to Case 1.
Figures 14 and 15 show the spread in terms of gain and SNR at 70% of maximum Tfollow.

As it can be seen from Figure 14 the gain decrease by 0.7 to 2.2 when increasing the maximum per antenna phase error from 5° to 25°. The average gain decreases by 1 at 25°.  In terms of SNR the largest SNR spread is ~0.8dB at 25° max phase error.   

Table 2 provides the details of the instantaneous and the normalized instantaneous per antenna phase error for which the gain loss is maximum for each (MAX.

When Case 2 is considered a maximum phase error up to 10° per each antenna seems to be acceptable in terms of performance degradation.
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Figure 9. Sensitivity of the single PMI test for TDD, Case 2, (MAX =5

[image: image13.png]TP [Mbps]

Phi max 10 degree
5 I I I I I

SNR [dB]




Figure 10. Sensitivity of the single PMI test for TDD, Case 2, (MAX =10
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Figure 11. Sensitivity of the single PMI test for TDD, Case 2, (MAX =15
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Figure 12. Sensitivity of the single PMI test for TDD, Case 2, (MAX =20
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Figure 13. Sensitivity of the single PMI test for TDD, Case 2, (MAX =25
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Figure 14. Maximum and Minimum SNR w.r.t maximum phase error per antenna at 70% of maximum Tfollow.
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Figure 15. Maximum and Minimum SNR w.r.t maximum phase error per antenna at 70% of maximum Tfollow.

Table 2. Instantaneous and the normalized instantaneous per antenna phase error for which the gain loss is maximum for each (MAX.

	
	Per antenna imbalance vector (
	Normalized per antenna imbalance vector ((/(MAX)

	(MAX = 5
	-5    -5     5    -5    -5     5     5    -5
	-1 -1 1 -1 -1 1 1 -1

	(MAX = 10
	-10    10   -10   -10    10    10    10   -10
	-1 1 -1 -1 1 1 1 -1

	(MAX = 15
	15   -15   -15    15   -15    15    15    15
	1 -1 -1 1 -1 1 1 1

	(MAX = 20
	20   -20   -20    20   -20    20   -20    20
	1 -1 -1 1 -1 1 -1 1

	(MAX = 25
	-25    25    25   -25   -25    25    25   -25
	-1 1 1 -1 -1 1 1 -1


3 Conclusions

In this contribution we have analyzed the effect of the per antenna phase error on the single PMI TDD test. The following was observed.

· When considering a statistical model based on a Uniform distribution the following can be observed

· The average gain loss seems acceptable also for per antenna phase error up to 25°.
· The average gain loss is not representative of the loss a UE can experience because of a particularly bad per antenna phase error realization.
· According to a certain set of simulation results when a Uniform distribution of the per antenna phase error is considered, up to 15 or 20° could be accepted by considering the worst case gain degradation. This would correspond to a 0.1-0.2dB SNR difference.

· When considering a finite state model the following can be observed

· The average gain loss seems acceptable for a per antenna phase error up to 15°-20°.

· The average gain loss is not representative of the loss a UE can experience because of a particularly bad per antenna phase error realization.

· According to a certain set of simulation results up to 10° could be accepted by considering the worst case gain degradation. This would correspond to a ~0.15 dB SNR difference.

The following is proposed:

Proposal 1: Consider a maximum phase error up to 10° per antenna. It should be kept in mind that this allows for up to 20° relative phase error between any couple of antennas.
Proposal 2. Do not introduce specific relaxations for this per antenna phase error. The error causedby this impairments can be covered by normal tolerances defined in RAN 5.

Proposal 3. Collect the results from all the companies and send an LS to RAN 5 with RAN 4 findings.

Higher maximum phase error could be considered if really necessary, however this may require the need for specific relaxations as the degradation in terms of gain and SNR becomes too large.
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