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1
Introduction
For TPMI-index selection in single layer UL-MIMO TRP test, RAN4 has agreed the following options for further down-selection in RAN4- #106bis-e [1]: 
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Issue 2-2-1: TPMI-index configuration for singe-layer UL-MIMO TRP OTA test 

Proposals:

· Option 1: Surface integral of measured EIRP, given fixed TPMI = 2 (NOTE: this metric is TRP-like if normalized by the radiated power of an ideal isotropic radiator) 

· Option 2: Surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum.

· Option 3: Surface integral of measured EIRP for each TPMI swept over all applicable TPMI according to the UE capability to obtain TRP-like metric for each TPMI and then average the TRP-like metrics. 
· Option 3a: Define TRP for one-layer UL MIMO with TPMI 2-5 as the average of two TRP values with TPMI 2 and 3, or 4 and 5. 

· Option 4: Spherical coverage CDF of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum.

Agreements:

· Down-selection of above option is needed. FFS how to down select
· Encourage proponent companies to clarify the performance metric definition for the corresponding option next meeting. 

In this contribution, we further discuss the relation between the antenna correlation and the 2Tx SISO OTA TRP value and also present some additional simulation results to show to what degree the deviation of 2Tx TRP value will be affected by antenna correlation. 
2
Discussion
2.1 Analysis

In [2], we have obtained the following observations:

1) 2TX TRP value with a single specific TPMI index is randomized by the phase difference between the two antennas, thus it is not suitable to be the merit of 2TX TRP level.

2) Multiple TRP values with different TPMI indices can be averaged to remove randomness, e.g., the average of TRP values with TPMI 2 and 3, the average of TRP values with TPMI 4 and 5, and the average of TRP values with TPMI 2,3,4, and 5
We also presented in [2] the measurement result for 2Tx TRP with 6 1-lalyer-UL-MIMO TPMI indices of 3 DUT phones as shown in Figure 1. 

[image: image18.png]Phonel 2TX TRP
42.000

40.000

38.000

36.000

TRP(mW)

34.000
32.000

30.000
TRP 2(mW) TRP 3(mW) TRP 4(mW) TRP 5(mW)

——Phone 1 2TX TRP 40.738 32.211 33.497 39.628
——Phone 1 TRP 0+TRP 1(mW) 36.324 36.324 36.324 36.324
——Phone 1 (TRP 2 to TRP 5)/4(mW) 36.518 36.518 36.518 36.518




Figure 1a: Phone1 2TX TRP Result
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Figure 1b: Phone2 2TX TRP Result
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Figure 1c: Phone3 2TX TRP Result

We can see that the measured data of three DUT phones are in accordance with the trend of the above observations, in that the individual 2 TX TRP values distributed in pairs around the average of 2 TX TRP values, which is close to the sum of TRP of two single antennas.

At the same time, from the measured data of three DUT phones, it seems that the deviation of individual 2 TX TRP values compared to the average of 2TX TRP values are relatively small as no more than 0.5dB. Further discussion may be required to check its representativity of 2TX TRP deviation.  
We think that the above observations and measurement data can be mainly used to demonstrate the rule of the average of 2TX TRP values, and is not sufficient for deriving the deviation of 2TX TRP values. 

How and by what factor the deviation of 2TX TRP values are affected is another meaningful topic deserved to be studied and discussed further.
In section 8.6 of [3], there are the following analyses: 
· “The presence of an obstacle, which could be another element, would alter the current distribution, the field radiated, and in turn the input impedance of the antenna. Thus the antenna performance depends not only on its own current but also on the current of neighboring elements. ”
In [4], there are statements as follows:

· “Looking at small sized hand-held user equipment (UE) it is likely that antennas are closely spaced to each other. This proximity introduces unwanted coupling effects and in this way correlation, which results in a performance degradation.”
· “The Envelope Correlation Coefficient (ECC) ρe is an important figure of merit for the comparison of MIMO capabilities of coupled antennas”
The definition of Envelope Correlation Coefficient (ECC) can be as follows:
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 are complex value of antenna pattern of the two antennas.
Thus, we can see that closely located antennas will have unwanted coupling effects, namely correlation which in turn will affect the performance of antennas. The following simulation will explore the relation between antenna correlation (ECC) and 2Tx TRP values.
2.2 Simulation
We conduct simulations in the following steps:

1. Generate a series of two-ideal-dipole antenna patterns with distance ranging from 0.1 λ to 4 λ with 0.1λ steps， using a commercial antenna-pattern-generating tool;
2. Add additional phases of 0°/180°/90°/-90° to the patterns of the second antenna in the array and form 4 series of new antenna-array pattern corresponding to TPMI indices of 2/3/4/5;
3. Calculate TRP values of two single antenna and four 2TX TRP with 4 phase differences using equation (2);
4. Calculate the average of 2TX TRP value and sum of 2 single antenna TRP values at each distance and check if they are the same;
5. Calculate the deviation between the individual 2TX TRP value and the sum of 2 single antenna TRP values at each distance, and find the maximum deviations;
6. Calculate the antenna ECC at each distance according to equation (1);
7. Draw the chart of maximum 2TX TRP Deviation and ECC Vs Antenna Distance as shown in figure 2;
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Figure 2: 2TX TRP Deviation and ECC Vs Antenna Distance
From the result of step 4, the two observations in [2] are verified again and there is no mismatch between the average of 2TX TRP values and the sum of TRP values of two single antennas because there is no additional error and uncertainty introduced by simulation as measurements did.
Observation 1: Two observations in [2] are verified again by simulations and there is no mismatch between the average of 2TX TRP values and the sum of TRP values of two single antennas. 

In Figure 2 we can see that the maximum 2TX TRP deviations and the ECC follow almost the same trend, they are closedly related.
Observation 2: Simulation shows that the maximum 2TX TRP deviations and the ECC follow almost the same trend, they are closedly related.

From figure 2 we can also find that the 2TX TRP deviation can achieve up to 2.2dB, 1.8dB and 1.67dB when ECC is 0.4, 0.32 and 0.3 respectively. Given that smart phones become smaller and smaller be, while more and more antennas are equipped in smart phones, it becomes more and more difficult to guarantee antenna seperations. For a commonly seen ECC value larger than 0.3 it may lead to up to near 2dB 2TX TRP deviations, which is unlikely acceptable.
Observation 3: ECC with value larger than 0.3 may correspond to up to 2dB 2TX TRP deviation.
From above observations, we will continue to give the following proposal:
Proposal: RAN4 to use average of 2TX TRP values to represent the TRP for one-layer UL MIMO with TPMI 2-5, preferably 2 TRP values from one pair TPMIs (TPMI 2/3, or TMPI 4/5) if considering the testing time. 
3
Conclusion
This contribution makes the following observations and proposal for TPMI index selection for single layer UL-MIMO TRP test: 
Observation 1: Two observations in [2] are verified again by simulations and there is no mismatch between the average of 2TX TRP values and the sum of TRP values of two single antennas.
Observation 2: Simulation shows that the maximum 2TX TRP deviations and the ECC follow almost the same trend, they are closedly related.

Observation 3: ECC with value larger than 0.3 may correspond to up to 2dB 2TX TRP deviation.

Proposal: RAN4 to use average of 2TX TRP values to represent the TRP for one-layer UL MIMO with TPMI 2-5, preferably 2 TRP values from one pair TPMIs (TPMI 2/3, or TMPI 4/5) if considering the testing time.
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