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1. Introduction

In TSG-RAN#55 plenary, a new study item “Measurements of radio performances for LTE terminals - TRP and TRS test methodology” was approved [1]. There is still some technical issue that should be clarified, such as TRS test methodology. [2] showed some analysis of radiated pattern of dual receivers antennas terminal. [3] made an agreement that selecting combined LTE TRS measurement in order to make the test method available for all LTE devices starting from Release 8. 
In this document, we will provide some measurement data and figures to prove that combined LTE TRS method is an efficient way to test LTE TRS measurement. 
Annex A shows some modelling and simulation for MIMO Antenna UE TRS analysis for information.

2. Comparison and analysis of TRS measurement
In this section, we will provide two rounds of the TRS measurement: one is some DUTs under anechoic chamber and reverberation chamber environment; other is two different DUTs Bands in one same anechoic chamber. 
Measurement configuration and procedure see for detail specification in [4]. 

1) Data comparison under anechoic chamber (AC) and reverberation chamber (RC) environment.
	
	
	MHz
	RC  TRS RX1
	RC  TRS RX2
	RC Combined TRS
	AC  TRS RX1
	AC  TRS RX2
	AC Combined TRS

	DUT Band2
	650
	1935
	-92.78
	-92.29
	-95.86
	-94.23
	-93.78
	-96.48

	
	900
	1960
	-93.39
	-92.19
	-95.59
	-93.65
	-92.70
	-95.60

	
	1150
	1985
	-92.02
	-90.01
	-95.02
	-93.43
	-92.11
	-95.44

	DUT Band12
	5060
	734
	-93.21
	-90.10
	-95.20
	-94.83
	-90.30
	-95.71

	
	5095
	737.5
	-92.31
	-89.67
	-94.47
	-94.29
	-90.13
	-95.29

	
	5130
	741
	-89.74
	-88.91
	-93.34
	-94.01
	-90.31
	-96.52

	DUT Band7
	2800
	2625
	-93.22
	-91.73
	-95.98
	-95.02
	-94.38
	-97.61

	
	3100
	2655
	-91.96
	-91.16
	-95.17
	-93.53
	-91.92
	-95.46

	
	3400
	2685
	-92.00
	-91.90
	-94.84
	-91.22
	-91.56
	-93.85


Conclusion1: We will see the same DUT under different chambers, the Combined TRS values of RC and AC are more closer.
2) Same anechoic chamber data comparison 
	Band
	Channel
	Combined TRS
	TRS RX1
	TRS RX2

	DUT Band3
	1250
	-96.16
	-94.35
	-90.58

	
	1575
	-96.05
	-94.59
	-90.93

	
	1900
	-95.30
	-92.82
	-89.66

	DUT Band7
	2800
	-94.47
	-91.24
	-90.70

	
	3100
	-94.22
	-90.80
	-90.84

	
	3400
	-94.65
	-91.67
	-92.11


Conclusion 2: We will see that DUT Band3 is always better than DUT band7 of all three channels with combined TRS method in one same chamber. TRS RX1 and TRS RX2 are different. 
3. Summary
In this document, we proposed For DUTs with more than one receiver port, all the tests should be performed using both (all) antenna ports simultaneously.
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Annex A (information): Modelling and Simulation for MIMO Antenna UE TRS with Human Body
A.1 Antenna

Fig. 1 displays a layout of the MIMO antenna along with its substrate. There are two single-fed antenna elements on the left and right side of the top of main PCB. Each element is composed of chip A and chip B and is of the size of 24 mm× 9.5 mm× 1.8 mm. Meanwhile the main PCB with dielectric constant ofεr=4.4, loss tangent of tan δ=0.02, is 100 mm× 60 mm× 1.8 mm.
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Fig. 1.
MIMO antenna UE: (a) Antenna element; (b) MIMO antenna UE PCB.
As is shown in Fig. 2, each antenna operates effectively in TD-LTE frequency band (S11≤-14 dB, 1.8-2.2 GHz). It demonstrates that the designed MIMO 2x2 antenna with high isolation in the entire TD-LTE band (S21≤-20 dB, 1.8-2.2 GHz) can be effectively used in TD-LTE MIMO UE.
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Fig. 2.
S-parameters for the MIMO antenna
A.2 Human body Model
The human body model shown in Fig. 3 is the model used in simulation. The flat phantom was first specified in IEC 62209-2 and now developed with SEMCAD software. In this simulation, the human model is characterized by sorts of human tissue like skin, muscle, bone, fat and so on.
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Fig. 3.
Human body model
Fig. 4 displays the positional relationship between the PCB and the human body model. The orientation of the head model involves the rotation of the main PCB and the adjustment of the distance. We rotate the PCB around the ear reference point to a position parallel to the line between the ear and the mouth. The upper limit of the distance from PCB to the head model is set as 5mm.
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Fig. 4.
Orientation of the head phantom prior to UE model positioning.
A.3 TD-LTE system model
As is shown in Fig. 5, the TD-LTE communication system is constructed, including TD-LTE transmitting module TD-LTE_Tx, local UE receiving module TD-LTE_Rx, and the channel model. This report gives out the variation of BER of different signal to noise ratio (SNR) to evaluate TRS. TRS computation from the MIMO 2x2 antenna UE is considered equivalent to radiation efficiency ηof each antenna in two cases.
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Fig. 5.
TD-LTE simulation model
A.4 Simulation configurations
Radiation efficiency η can be computed with antenna performance. Two detailed simulation conditions are as follows:
1) Without head phantom model, η1 of ANT1 is 60.74% and η2 of ANT2 is 60.69%.

2) With head phantom model, η3 of ANT1 is 37.64% and η4 of ANT2 is 38.83%.
During the TD-LTE system level simulation, the simulation parameters of the proposed TD-LTE model is configured according to TABLE I.

TABLE I

TD-LTE Mode BS Downlink Signal
	Parameter
	Value

	Operating frequency
	1885 MHz

	Signal bandwidth
	10 MHz

	Cyclic prefix
	Normal CP

	Modulation mode
	QPSK

	Transmitting power
	46 dBm

	Path loss
	86 dB

	Channel
	AWGN


A.5 Simulated results 
Based on the two simulation configurations described above, The black, red, and blue lines respectively represent the BER performances of model without antenna and body, model with MIMO antenna only, and the model with both. Three different cases of BER performance along with SNR are presented as follows:
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Fig. 6.
TD-LTE BER performance
A.6 Analysis of simulated results
The TRS performance of the MIMO UE is evaluated by BER. As shown in Fig.6, with the SNR of TD-LTE signal increasing, there is a downward trend in the BER performance. TD-LTE will not work properly if the BER is less than 10-3. When considering the MIMO 2x2 antenna performance and head phantom, the receiving sensitivity of TD-LTE system will deteriorate by 2.4, 4.3dB respectively. Obviously, the TRS performance of MIMO 2x2 antenna UE is affected greatly by the human body phantom.
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