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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. Therefore, antenna gain imbalance (AGI) should be considered to support multiple HARQ ACK/NACKs.
2 Discussion
In [1], there is a data model (2-Tx example) with AGI. Under AGI, the radiated powers of two antennas are unbalanced even at the same total PA output power. The received SNR is reduced, where AGI=α2 <=1 is the ratio of the second antenna’s gain to the first antenna’s gain. In this contribution, we discuss the AGI impact on UL MIMO with simulation.
In [2], if layer shifting is not configured, each transport block employ its own HARQ-ACK feedback signaling, AGI just decrease performance of the transport block on inefficient antenna, so we can change the MCS of the inefficient antenna to reduce the impact of the AGI.
3 Simulation Scenarios
Assuming equal transmit power distribution in each antenna with increasing AGI of 0, -3, -6dB. To reduce the impact of the AGI, we change the MCS (such as 16QAM and QPSK) of the different streams in the test and compare the AGI=-3dB with -6dB. Three simulation scenarios as follows:
Table 1 Test cases
	Test number
	MCS of 2 streams
	Propagation condition
	Antenna Configuration and Correlation
	Layer shifting
	Bandwidth

	1
	QPSK 1/3-QPSK 1/3 
	EPA5
	2x2 Low
	NO
	10MHz

	2
	16QAM 2/3-QPSK 1/3 
	EPA5
	2x2Low
	NO
	10MHz

	3
	16QAM2/3-16QAM2/3 
	EPA5
	2x2 Low
	NO
	10MHz


4 Simulation result
In figure1, the performance of UL MIMO is decreased due to AGI. 
[image: image1.emf]-2 -1 0 1 2 3 4 5 6

10

-2

10

-1

10

0

SNR(dB)

bler(%)

 EPA5, 2x2, QPSK 1/3, QPSK 1/3, MMSE,NO,10MHz   

 

 

AGI=0dB

AGI=-3dB

AGI=-6dB


Figure1 EPA5, 2x2, QPSK 1/3, QPSK 1/3, Low NO,10MHz,
In figure2, the impact of AGI is alleviated by adjusting the MCS (using lower MCS on the worst antenna). Note: two different MCSs are used on two different streams.
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Figure2 adjusting MCS on different antenna under AGI without layer shifting
In figure1, we can see the BLER increase with increasing AGI as a result of the antenna is more inefficient. From figure1 we can build the Table2, when the BLER equals 10-1, the SNR of AGI=-3dB is 1.9dB more than the case of AGI=0dB and 0.5dB less than the case of AGI=0.6dB.
Table2 SNR in different bler
	AGI
	SNR(dB) (bler=10-1)

	0
	2.3

	-3
	4.2

	-6
	4.8


In the figure2, we can see AGI=-6dB has the higher bler compared to -3dB(blue line) in the same modulation, and with lower order modulation, it’s bler lower than the -3dB. So we can reduce the impact of AGI by adjusting MCS of two streams. 
5 Conclusion
In this section, we discuss the impact of AGI on UL MIMO, which is needed to be considered when introducing UL MIMO into Rel-10. In the NO layer shifting, we can reduce the impact of AGI by adjusting the MCS on the different stream.
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