3GPP TSG-RAN WG4 Meeting #106bis-e                               R4-2305701
Electronic Meeting, 17 – 26 April 2023
Source: 
MediaTek Inc, vivo, CAICT.
Title: 
Further discussion on FR1 1 Layer UL-MIMO 2Tx SISO OTA TRP
Agenda Item:
5.16.2.1
Document for:
Approval

1
Introduction
For TPMI-index selection in single layer UL-MIMO TRP test, RAN4 summarized the following potential test methods in RAN4-#106 [2]: 
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Issue 1-1-1: Proper TPMI-index for UL-MIMO TRP test 

· Proposals

· Option 1: RAN4 to select single TPMI index approach, and adopt TPMI index 2 as the baseline. The TMPI should be fixed during the testing.  (Qualcomm, Samsung, OPPO)

· Option 2: Define TRP for one-layer UL MIMO with TPMI 2-5 as the average of TRP values from TPMI 2, 3, 4 and 5. (Huawei)
· new Option 3: dynamic TPMI 

In this contribution, we further discuss the above issue with our analysis and measurement results as well. Moreover, a revised option, i.e., Option 2A is proposed accordingly.
2
Discussion
2.1 Analysis

Among different 2-port TPMI indices in effect, different additional phase differences between two antenna ports are defined, e.g., TPMI index 2/3/4/5 corresponds to 0°/180°/90°/-90° additional phase differences respectively, according to TS38.211 Table 6.3.1.5-1 [3]:
Table 6.3.1.5-1: Precoding matrix 
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 for single-layer transmission using two antenna ports.

	TPMI index
	
[image: image2.wmf]W


(ordered from left to right in increasing order of TPMI index)

	0 – 5
	
[image: image3.wmf]ú

û

ù

ê

ë

é

0

1

2

1


	
[image: image4.wmf]ú

û

ù

ê

ë

é

1

0

2

1


	[image: image5.wmf]ú

û

ù

ê

ë

é

1

1

2

1


	[image: image6.wmf]ú

û

ù

ê

ë

é

-

1

1

2

1


	[image: image7.wmf]ú

û

ù

ê

ë

é

j

1

2

1


	[image: image8.wmf]ú

û

ù

ê

ë

é

-

j

1

2

1


	-
	-


The phase difference between the two antennas changes the total array pattern when two antennas transmit simultaneously. As illustrated in Figure 1, the array pattern of 2 dipole antennas with half wavelength distance and phase difference of 0°/180°/90°/-90° are simulated respectively. That means different TPMI index corresponds to different total array patterns consisting of two antennas. One remaining issue is that whether TRP values for different total array patterns are identical for different TPMI index in theory? If not, how TPMI index is related to 2Tx TRP value? 
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Figure 1 2-Dipole pattern simulation with 0.5λ distance and different phase difference
For the sake of simplicity, the polarization is ignored in the following derivation. TRP can be defined as:
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where
· θ and φ are elevation and azimuth angle respectively. 
· [image: image12.png]GO, @)



 is the complex vector signal value radiated from an antenna whose square of amplitude is scaled to [image: image13.png]EIRP(0, ¢)



 at specific direction. Furthermore, we can define [image: image15.png]G1(8, @)
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 as complex vector signal value radiated from first and second antennas respectively.
Let α(θ，φ) denoted as the initial phase difference between the two antenna pattern at specific direcations and the phase difference is assumed to be fixed during the test of TRP:
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And define α’(θ，φ) as the final phase difference which equals the initial phase difference α plus the phase difference introduced by TPMI index between the two antennas:
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Then the EIRP of 2-antenna array can be written as: 
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(5)
From equations (1) and (5), the total TRP of the two antennas can be expressed as:
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Where TRPi ( i=0 , 1) corresponds to the TRP value of each antenna inside the 2-antenna array. And α’(θ，φ) is associated with a certain TMPI index.
From equation (6), we can see that for each 2TX TRP value when TPMI index=2 to 5, it consists of three parts: 
(1) The first two parts are the TRP values of the two single antennas and are fixed values if the antenna array design is fixed; 
(2) The third part contains the component of phase difference between two antennas,which is related to the antenna design and can be affected by many factors and can hardly be predicted either, thus the 2TX TRP value with specific TPMI index is randomized, leading to a fact that the 2TX TRP value could be underestimated or overestimated. Therefore, this type of TRP value is not suitable as the merit of 2TX TRP level. 
Observation 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.
However, there is some mathematical approach which can remove randomized part by combining multiple TRP values with different TPMI indices. One example is illustrated as following.
If we take the average of 2TX TRP values with TPMI index 2 and 3, it can be calculated as follows:
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Similarly, the average of 2TX TRP values with TPMI index 4 and 5 can also be calculated as follows:
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From equation (7) and (8), we can further get the average of 2TX TRP values with TPMI index 2 to 5 as: 
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It can be observed that there is no random variable in Equation (7), (8) and (9). 

Observation 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.
Option 2 is actually the average of TRP values with TMPI 2,3,4 and 5, requiring to measure four TRP values. Comparatively, if taking only TRP values with two TPMI indices (either 2/3 or 4/5), the testing time could be reduced. Therefore, we would like to suggest that just use the average of 2TX TRP value with TPMI Index 2 and 3, or 4 and 5. 
Proposal: Introduce and adopt option 2A: 

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

2.2 Measurement result

To justify our analysis aforementioned, we measure 3 NR SA phones at n41 band with all 6 TPMI index to get the trend of 2TX TRP, and the result are shown in Figure 2a,2b and 2c:
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Figure 2a: Phone1 2TX TRP Result
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Figure 2b: Phone2 2TX TRP Result
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Figure 2c: Phone3 2TX TRP Result

From above figures, we can see that the measured data confirms our Observation 1 and 2.

Note that the average 2TX TRP values are slightly different from the sum of two single antenna TRP. The worst mismatch among the 3 results is about 4% (<0.2dB). The reason for this mismatch may be that the working status could be slightly different between 1-TX and 2- TX active states.
3
Conclusion
This contribution makes the following observations and proposal for TPMI index selection for single layer UL-MIMO TRP test: 
Observation 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.
Observation 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.
Proposal: Introduce and adopt option 2A: 

· 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.
4
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