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

	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 relationship between antenna correlation and the 2Tx SISO OTA TRP value and show a direct mathematical relation between the 2-TX TRP values and antenna ECC (Envelope Correlation Coefficient). 
2
Discussion
2.1 Previous work
Previously we had the following observations [2]:

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 results for 2Tx TRP with 6 1-lalyer-UL-MIMO TPMI indices of 3 DUT phones as shown in Figure 1. 
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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

Moreover, we have further observed in one of our contributions [3]:

The maximum 2TX TRP deviations and the ECC follow almost the same trend, they are closedly related.
The simulation result in [3] is shown in Figure 2.
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Figure 2: 2TX TRP Deviation and ECC Vs Antenna Distance
In this contribution we will further discuss the impacts that the antenna correlation imposes on the 2Tx SISO OTA TRP values and finally prove that the 2-TX TRP values has direct mathematical relationship to ECC.
2.2 Analysis
As discussed in [2], the total TRP value of a two-port antenna array can be expressed as:
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where 

· TRPi ( i=0, 1) is the TRP value corresponding to TPMI index = 0 or 1, namely the TRP value of each antenna inside the 2-port antenna array measured individually;

· [image: image7.png]TRP,,y



 is the 2-TX TRP of the 2-port antenna array when the two antennas transmit simultaneously, it can also be expressed as [image: image9.png]TRP,



 ,  i=2~5 corresponding to TPMI index = 2 to 5;
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 are the complex vector signals radiated from first and second antennas respectively
· α’(θ，φ) is the final phase difference which equals the initial phase difference α plus the phase difference introduced by TPMI index between the two antennas as showin in (2)
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+ 0°/180°/90°/ -90° for TPMI Index=2/3/4/5   (2) 
where α(θ，φ) is the initial phase difference between the two antenna patterns at specific directions and the phase difference is assumed to be fixed during the test of TRP:
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 can be written as follows:
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From Equation (4) and (5) we can obtain:
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Similarly, we can obtain:
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As discussed in [2], the average of TRP values with TPMI 2 and 3, or TPMI 4 and 5, or TPMI 2,3,4, and 5 equals the sum of TRP values of the two antennas measured individually:
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Define the 2-TX TRP deviation as the difference between each 2-TX TRP and the average TRP value, for example, the 2-TX TRP deviation for [image: image40.png]TRP,
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 is as follows:
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the 2-TX TRP deviation for [image: image48.png]TRP,
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 is as follows:
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Substitute Equation (11) and (12) into Equation (6) and (7), we can obtain;
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We can see from Equation (13) and (14) that the 2-TX TRP deviation corresponding to each TPMI (2,3,4,5) depends on the initial phase difference α(θ，φ) between the two antenna patterns, meanwhile, the initial phase difference is determined by many factors, with randomness involved. Theoretically, it is possible that the initial phase difference tends to drift over a long time span due to some factors like component aging. 
Observation 1: The deviation of each individual 2-TX TRP value corresponding to TPMI index 2, 3, 4, 5 relative to the average value is randomized by the initial phase difference between the two antennas, which is possible to drift over a long time span.
The definition of Envelope Correlation Coefficient (ECC) can be as follows:
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where [image: image65.png]


 is the solid angle.
Formula (15) can be further expressed into the following equation:
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From Equation (6) , (7) and (16) we can obtain:
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Substitute Equation (11) and (12) into Equation (17), we can obtain:
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From Equation (17), we can find that antenna ECC has direct mathematical relation to the  TRP values corresponding to the 6 TPMI indices and can be calculated ECC based on these TRP values when they are known. From Equation (18) we can see even more clearly that the Root Sum Square of the 2-TX TRP devations of the two pairs of 2-TX TRP values, corresponding to TPMI index = 2 and 3 as well as TPMI index = 4 and 5 respectively, is directly proportional to antenna ECC. In other words, the antenna correlation determines the scale of the deviation of 2-TX TRP values.

Observation 2: Antenna ECC has direct mathematical relation to the  TRP values corresponding to the 6 TPMI indices, and can be calculated based on these TRP values when they are known.
Observation 3: Root Sum Square of the 2-TX TRP devations of the two pairs of 2-TX TRP values, corresponding to TPMI index = 2 and 3 as well as TPMI index = 4 and 5, is directly proportional to antenna ECC.

Observation 4: The antenna correlation determines the scale of the deviation of 2-TX TRP values.

Although it is pointed by Equation (18) that the Root Sum Square of the 2-TX TRP devations of the two pairs of 2-TX TRP values is a constant value, the allocation between the devations of the two pairs of 2-TX TRP values has randomness introduced by the phase difference according to Equation (13) and (14). The worst case happens when the deviation of one pair of 2-TX TRP values is zero while the deviation of the other pair of 2-TX TRP values take on all the correlation effect: 
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And when the two TRP values of the two antennas measured individually approximately equal, namely [image: image72.png]% TRP,
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, the worst-case 2-TX TRP deviation is as follows:
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Since [image: image78.png]110 < log(1—p)| =]10+log(1+p)| » (0<p < 1)



, the worst-case 2-TX TRP deviation in dB unit is as follows:
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As there is no intial phase difference introduced in the simulaiton of [3], namely α=0，according to Equation (14), we can obtain [image: image81.png]


, hence, the simulation result of [3] is actually the example of the worst case of 2-TX TRP deviation. We can see the ECC result of the simulation of [3] close to the result calculated based on Equation (21).

A chart is drawn based on Equation (21) to list the 2-TX TRP deviations varying with ECC values as shown in Figure 3 
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Figure 3: Worst-case 2TX TRP Deviation Vs ECC
We can see from Equation (19), (20) and (21) that the worst-case 2-TX TRP deviation is directly proportional to ECC, improving the antenna correlation as well as ECC can help to reduce the 2-TX TRP deviation.
Observation 5: The worst 2-TX TRP deviation is directly proportional to ECC.
Observation 6: Improving the antenna correlation as well as ECC can help to reduce the 2-TX TRP deviation.
From above observations, we will continue to make the following proposals:
Proposal 1: RAN4 needs to take into account the 2TX-TRP deviation introduced by antenna correlation and further study for suitable solutions.
Proposal 2: When there is only one usable TPMI index for 2-TX TRP, such as PC1.5 ULFPTx Mode1, the deviation caused by correlation and phase difference need to be considered.
3
Conclusion
This contribution makes the following observations and proposals for single layer UL-MIMO TRP test: 
Observation 1: The deviation of each individual 2-TX TRP value corresponding to TPMI index 2, 3, 4, 5 relative to the average value is randomized by the initial phase difference between the two antennas, which is possible to drift over a long time span.

Observation 2: Antenna ECC has direct mathematical relation to the  TRP values corresponding to the 6 TPMI indices, and can be calculated based on these TRP values when they are known.

Observation 3: Root Sum Square of the 2-TX TRP devations of the two pairs of 2-TX TRP values, corresponding to TPMI index = 2 and 3 as well as TPMI index = 4 and 5, is directly proportional to antenna ECC.

Observation 4: The antenna correlation determines the scale of the deviation of 2-TX TRP values.

Observation 5: The worst 2-TX TRP deviation is directly proportional to ECC.

Observation 6: Improving the antenna correlation as well as ECC can help to reduce the 2-TX TRP deviation.

From above observations, we will continue to make the following proposals:

Proposal 1: RAN4 needs to take into account the 2TX-TRP deviation introduced by antenna correlation and further study for suitable solutions.
Proposal 2: When there is only one usable TPMI index for 2-TX TRP, such as PC1.5 ULFPTx Mode1, the deviation caused by correlation and phase difference need to be considered.
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