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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. UL-MIMO is a new feature in LTE-A which could potentially provide both diversity and spatial multiplexing gain for UL transmission. The new performance requirements and impact on the system should be discussed. This document provides further discussion on features and issues need to be considered for PUCCH and PUSCH. Moreover it involves certain UL transmit scenarios with specific test cases.
2 PUSCH
RF requirements and some test conditions on demodulation aspect like channel model, test case combination and test methodology can be identified currently. How to limit the test case number is deemed to be a key issue for the BS demodulation work.
For UEs with multiple transmit antennas, an uplink Single Antenna Port Mode is defined. No additional performance requirements are needed as agreed in [3]. 
Uplink spatial multiplexing is supported for PUSCH. Hence new performance requirements will be needed for multi-path fading propagation conditions. Performance requirement can be defined considering different transmit antenna number, different transmission rank combinations, Different modulation schemes, coding rates and multiple antenna propagation channel. 
Regarding requirements for high speed train, no new requirement needs to be defined for UL MIMO. At the speed of above 300km/h, the spatial multiplexing transmission will fall back to single antenna port mode.
In Rel-8/9, two performance requirements are defined for HARQ-ACK multiplexed on PUSCH: ACK false detection and ACK missed detection requirements. In Rel-10, when multiple layers are decided for the PUSCH transmission, the ACK/NACK signalling is replicated across all the layers of both codewords. New performance requirements may be needed to decide the ACK false detection and ACK missed detection requirements.
In the following, we focus on two and four antenna ports cases.
2.1 Two antenna ports
For rank-1 test case, we propose to consider the feasible modulation schemes, coding rate and proper correlation of the multiple antenna propagation channels as follows,
· Rank-1
· EPA5Hz, high Correlation, QPSK 1/3 (16QAM 3/4, 64QAM 5/6)
With respect to the full rank transmission, identity precoding matrix is supported. In this case the peak UL throughput is a prefer measurement of the UL MIMO. So the possible test cases,
· Full Rank
· EVA5Hz, low Correlation, QPSK 1/3 (16QAM 3/4, 64QAM 5/6)
· ETU70Hz, low Correlation, QPSK 1/3 (16QAM 3/4, 64QAM 5/6)
2.2 Four antenna ports
In [4], we suggest that the higher rank transmission, the lower MIMO channel correlation and the more complex propagation channel in that the high rank can be obtained from rich scattering environment. The testing effort for different rank should be taken into account. Moreover, some tests on multiple layers transmission, e.g. full rank transmission, the MCS definitions with too high coding rates and high order modulation may not feasible. For the balance between the test complexity and efficiency, it was proposed fixing the rank under certain transmit propagations. We suggest the test scenarios as follows,
· Rank-1
· EPA5Hz, high Correlation, QPSK 1/3 (16QAM 3/4, 64QAM 5/6)
· Rank-2 to 3
· EVA5Hz, medium Correlation, QPSK 1/3 (16QAM 3/4, 64QAM 5/6)
· ETU70Hz, medium Correlation, QPSK 1/3 (16QAM 3/4)
· Full rank
· EVA5Hz, low Correlation, QPSK 1/3 (16QAM 3/4, 64QAM 5/6)
· ETU70Hz, low Correlation, QPSK 1/3 (16QAM 3/4)
3 PUCCH
· Transmit diversity

Transmit diversity is considered for PUCCH in UL-MIMO.

For uplink control channels with Rel-8 PUCCH format 1/1a/1b, the spatial orthogonal-resource transmit diversity (SORTD) scheme is supported for transmissions with two antenna ports. Therefore, new performance requirements will be needed for this mode. Furthermore, for multi user case, the current multi user test in [1] only consider the single antenna port transmission, so the multi user PUCCH case should be updated for better evaluation of Rel-10 PUCCH performance. Additionally, for the UE with four transmit antennas, the 2Tx transmit diversity scheme is applied. The performance requirements will focus on two antenna ports cases.
For uplink control channels with Rel-8 PUCCH format 2/2a/2b, the transmit diversity scheme depends on the RAN1 decision.
· Introduction of antenna gain imbalance

Antenna efficiency and correlation would affect the UL-MIMO performance. The antenna gain imbalance should be introduced. In [2], the methodology for computing the antenna imbalance was detailed and results were shown for different antenna form factors. We propose that the antenna imbalance should be modified into long-term antenna imbalance and short-term antenna imbalance. The long-term antenna imbalance is attributed to differences in antenna efficiency and form factor considerations. Thus it is a UE specific variable and the size of it is determined by antenna design. The short-term antenna imbalance is attributed to e.g. body effects and antenna imperfections. So this will vary spatially. Meanwhile, the short-term antenna imbalance can be modelled by a Gaussian random variable. Typically the associated standard deviation is in the order of 2 dB.
Table1 AGI value
	Long Term Antenna Imbalance
	0, -3, -6dB

	Short Term Antenna Imbalance
	Gaussian distribution with 

µ = 0dB
σ = 2.0dB


4 Conclusion
In this contribution, more details on PUSCH and PUCCH performance requirement are given. We propose to take above mentioned UL MIMO aspects into account for further RAN4 studies. 
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