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1. Introduction

This contribution summarizes the link performance of virtual MIMO for uplink E-UTRA.
2. Virtual MIMO and MMSE Receiver
Virtual MIMO technology can be applied in the uplink of E-UTRA.  That is, two or more UE’s are assigned to share identical resource blocks to improve the system throughput.  Advanced receiver technology at the Node-B is required to differentiate multiple data streams.

Assume that there are Nt numbers of UE’s sharing same time-frequency resource.  Each UE has only one transmit antenna.  The number of receive antennas at the Node-B is Nr.  By discarding cyclic prefix, the received signal of the j-th receive antenna in the time domain can be written as
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where 
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is the transmit signal of the i-th UE, 
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 is the channel impulse response of the channel between the i-th UE and the j-th receive antenna, 
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is circular convolution, and 
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is the channel noise at the j-th receive antenna.

Taking FFT of the received signal for each receive antenna yields 
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or in a vector form as


[image: image7.wmf]kkkk

=+

YHSZ

.

Note that 
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is the k-th subcarrier channel response in frequency domain, for the channel between the i-th UE and the j-th receive antenna.  

With MMSE equalization, the equalized signal is given by
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where 
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is Hermitian transpose of the matrix, 
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is the variance of the noise, and 
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identity matrix.  The signal after equalization is a 
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vector, of which the i-th row item is the frequency representation of the i-th UE signal.  Taking IFFT of the i-th row yields the detected UE signal, which can be applied to obtain the i-th UE transmit signal through demodulation and decoding.

3. Link Performance and Throughput Performance

In the simulation scenario, we assume that two UE’s share identical resource blocks.  That is, each UE uses all 12 RBs and uses the same MCS level for transmission.  The detail simulation assumption is listed in Table 1.
In virtual MIMO, the pilots of the two UE must be multiplexed in a way so that their corresponding channel can be easily estimated at the Node-B, although they share the identical RBs.  In our simulation, we assume the two UE’s using different pilot sequences.  The two pilot sequences can be designed to be orthogonal.  Node-B performs channel estimation separately for two UEs.   

Table 1    Simulation Assumption

	Frame
	0.5ms TTI, DFT-S-OFDM

	Bandwidth
	5 MHz

	Code Rate
	1/3, 1/2, 2/3, 3/4, from 1/3 UMTS turbo code

	Modulation
	QPSK and 16QAM

	Data Rate
	From 2.4 Mbps (rate 1/3 QPSK) to 10.8 Mbps (rate 3/4 16QAM)

	Resource Blocks 
	12

	Rx Diversity
	2

	UE Configuration
	Two UEs with identical MCS level and identical transmission power

	Max # of  HARQ Retransmission
	3

	Channel Model
	TU 15km/hr

	Channel Estimation
	Non-ideal
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Figure 1    Throughput Performance of 2 UE with virtual MIMO
Figure 1 illustrates the throughput performance of virtual MIMO with 2 UE’s.  There are 8 MCS levels used for QPSK and 16QAM with rate 1/3, 1/2, 2/3, and 3/4.  The hull curves with SIMO and virtual MIMO are shown in Figure 2.  Note that at high SNR region, virtual MIMO significantly outperforms SIMO.  This can be partly attributed to the maximum modulation and coding limitation on the UE.  As expected, at low SNR region, the gain of virtual MIMO is not significant.  
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Figure 2    Throughput Performance Comparison of virtual MIMO and SIMO (1 UE)
4. Conclusion

It can be concluded that virtual MIMO provides significant gain over SIMO in the high SNR region while at the low SNR region there is no performance advantage with virtual MIMO.  System simulation results are provided in [1] which captures system-level benefits of virtual MIMO.
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