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1.
Introduction
LTE-Advanced is required to provide considerable improvements over Release 8 LTE in cell edge user throughput as well as in average spectral efficiency. Single user uplink MIMO is one of key techniques to meet the requirements, and an essential part of UL SU-MIMO is closed loop precoding. On other hand, channel state information needed for the closed loop precoding (other than long-term precoding) can be obtained only through SRS measurements.  In this contribution, we provide link and system level performance results for UL SU-MIMO with SRS based channel sounding. 
2.
Link level Performance Comparison

Performance of closed loop Tx diversity is compared with that of open loop transmit diversity in ITU NLOS urban macro-cell channel. Both 2x2 and 4x2 (Tx/Rx) antenna configurations are considered. Simulation parameters are tabulated in Table 1. 

In the case of closed loop single-stream precoding, precoding vectors were selected based on noisy channel information obtained from the SRS signal.  The SRS signal is assumed to be available every 10 ms.  SNR varying between -8 to 10 dB was considered for SRS. Precoding vectors according to [1] are used. 

Table 1 Link Simulation parameters

	Description
	Settings

	Channel
	ITU Urban Macro (3 km/h)

	Tx-Rx antenna configuration
	2x2,4x2

	Antenna separation 
	(a) cross-polarized  antennas, (b) 0.5 lambda in UE 

	Velocity
	3 km/h

	System Badwith
	10 Mhz (50 PRBs)

	User bandwidth
	4 PRBs

	Channel estimation
	Practical

	Frequency Hopping
	At TTI boundary over system bandwith

	Modulation
	QPSK

	Carrier frequency
	2.6 GHz

	Sounding signal periodic
	10 ms

	HARQ transmission
	IR,  max 4 transmissions

	MCS
	QPSK:1/6,1/4,1/3,1/2,2/3,3/4,5/6 16QAM:1/2,2/2,3/4,5/6

	Cyclic Prefix
	Normal CP

	Sounding signal
	PUCCH (assuming 10ms periodicity) and SNR -8 dB


Throughput envelope curves for the simulated set of MCS are shown in Figure 1 and Figure 2 for 2x2 and 4x2 configurations, respectively.  It can been seen that precoding gain, especially in the case of 4 Tx antennas, is sensible to the SNR of SRS.  Based on these results it can be said that the sounding performance may become a limiting factor for the UL SU-MIMO operation and, thus, we see the need for further studies for the SRS enhancements in LTE-Advanced.
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Figure 1 Envelope of throughput curves for 2x2 antenna setup.
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Figure 2 Envelope of throughput curves for  4x2 antenna setup.
3.
System level Performance Comparison

The SINR distribution of SRS signal is studied as function of   number of UEs allocated to same SRS transmission  comb.  It is assumed that the SRS symbols in different cells are time aligned,  which means that one SRS signal experiences interference from multiple UEs from adjacent cells. In order to minimize the interference, power control with full pathloss compensating was used.  SRSs originating from the own cell were assumed perfectly orthogonal.   The main simulation parameters are tabulated in Table 2 and respective SINR distributions in Figure 3.
Table 2 System Simulation parameters

	Description
	Settings

	Layout
	19 sites -2 sectors/site – wrap-around

	Propagation scenario
	3GGP Macro Case 1

	Scheduling
	 random

	Sounding BW
	4 PRBs per UE

	Power Control
	FPC formula ((=1.0, P0=-106)

	User bandwidth
	4 PRBs

	Antenna setting
	1x2 (3D “NeedleV10”) down tilt 15( 

	eNB Ant Height
	32 m

	Average building height
	17 m

	Sounding signal
	PUCCH (assuming 10ms periodicity) and SNR -8 dB

	Number of CDM multiplexed UEs
	1-8 


. 
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Figure 3.  SRS SINR distribution for different number of sounding signals 
The SU-MIMO performance in the terms of cell-edge bit rate gain compared to non-MIMO case for different number of SRS signals are shown in Figure 4.  The cell-edge bit rate calculation is based on link performance provided in Figure 1 and Figure 2 and the SINR distribution provided in Figure 3.  The SINR value of interest corresponds to 95 % CCDF value on 3GPP Macro CASE1.  We see that cell edge bit rate of SU-MIMO depends heavily on the number of SRS signals in neighbouring cells: 

· For 4 Tx UE the SU-MIMO gain is varied from 15-40 %

· For 2 Tx UE the gain is varied from 9-23 %

The results show that SU- MIMO gain in the cell edge is limited due to inter-cell interference experienced by SRS signal.
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Figure 4.  SU-MIMO cell edge gain in 3GPP Macro Case 1 for different number of sounding signals.
4. Link Budget
The link budget of SRS signal is compared to link budget of other UL channels in Table 3. The SNR threshold for SRS signal is based on the link simulations shown Chapter 2
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As can be seen the link budget of SRS is worse compared with other uplink channels. This indicates that SU-MIMO precoding gain is significantly reduced in large cells.
3. Discussion and Conclusions 
In this contribution, we provided link and system level performance results on UL SU-MIMO with SRS based channel sounding. We show that in small cells the SU-MIMO gain in the cell edge is limited due to inter-cell interference and in large cells the link budget becomes an additional limiting factor.  Thus, we see need for further studies on SRS performance and on potential improvements on UL channel sounding. We discuss these enhancements in another paper [2]. 
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