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1. Introduction

The multi-antenna operation for supporting UL SU-MIMO with up to 4 layer spatial multiplexing was agreed in a new WI (UL multiple antenna transmission for LTE) during RAN #46. UE antenna gain imbalance (AGI), which affects transmitter performance in UL-MIMO [1], should be considered in different cases. In this contribution, we discuss the impact of AGI on PUSCH.
2. Discussion
[2] has mentioned that ill-conditioned channel has already been included in the UL-MIMO channel models when the correlation value for both BS and UE is high(0.9). Many contributions have suggested that only rank 1 can be used for high correlation channel. Therefore, only low and medium correlation EPA5 test cases are considered in this contribution.
2.1 AGI model

In the previous meetings, Antenna Gain Imbalance (AGI) has been discussed within RAN4. In RAN1 [1] there is a model for AGI, where AGI=α2<=1 is the ratio of the second antenna gain to the first transmit antenna gain, and (p1/p2) 2 (normalized to 2 without loss of generality) is the PA power distribution ratio between the two streams sent from the two antennas (e.g., p1=p2=1 for equal power distribution). 
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The elements of n are zero-mean complex additive white Gaussian noise obtained by sampling a noise process with a power density of N0.
2.2 Impact of AGI on PUSCH

Conceptually, AGI will make some antennas less effective compared to others where “effectiveness” is defined as the capability of delivering additional spatial diversity either for diversity gain or spatial multiplexing gain.  

Table 1 contains the AGI values which are already widely used in RAN1.
Table1 AGI Value

	No AGI
	Low AGI
	High AGI

	0 dB
	-3 dB
	-6 dB


Table 2 is the test cases used in simulations.

Table2 Test Cases
	rank
	MCS of 2 streams
	Propagation condition
	Antenna Configuration and Correlation
	AGI
	Bandwidth

	2
	QPSK 1/3-QPSK 1/3 
	EPA5
	2x2 medium
	0
	10MHz

	2
	QPSK 1/3-QPSK 1/3
	EPA5
	2x2 medium
	-3
	10MHz

	2
	QPSK 1/3-QPSK 1/3  
	EPA5
	2x2 medium
	-6
	10MHz

	2
	QPSK 1/3-QPSK 1/3 
	EPA5
	2x2 low
	0
	10MHz

	2
	QPSK 1/3-QPSK 1/3
	EPA5
	2x2 low
	-3
	10MHz

	2
	QPSK 1/3-QPSK 1/3  
	EPA5
	2x2 low
	-6
	10MHz


Assuming equal transmit power distribution in each antenna (i.e., (p1/p2)2=1 or a fixed identity precoder), test cases just different in AGI of 0,-3,-6dB. Figure1 and figure2 below are simulation results with different channel correlation.  
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Figure1 Simulation Result in EPA5 Low 
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Figure 2 Simulation Result in EPA5 Medium
Figure1 and Figure2 show that the Bler increases with AGI changing from 0dB to -6dB. In the experiment, the received Et/N0 is reducing even though the total PA power keeps unchanged. Moreover, the impact on the medium correlation scenario is much weaker than that on the low correlation scenario. 
So three proposals should be considered for AGI on PUSCH,

Proposal 1: The AGI must be considered when the correlation is low.
Proposal 2: The AGI may be considered when the correlation is medium.
Proposal 3: The AGI can not be considered when the correlation is high.

3. Summary
In this contribution, we discuss the impact of AGI on PUSCH by analysis and simulations. There are three proposals to be considered as following,

Proposal 1: The AGI must be considered when the correlation is low.
Proposal 2: The AGI may be considered when the correlation is medium.
Proposal 3: The AGI can not be considered when the correlation is high.
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