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1. Introduction

The use of spatial multiplexing with rank adaptation and precoding in the E-UTRA MIMO downlink has been heavily investigated and the potential for considerable gains have been demonstrated. In this contribution, we focus on the uplink and perform system simulations to assess the benefits of MIMO with different system loads. Spatial multiplexing is compared with receive diversity while the issue of precoding is left for further study. To get an upper bound on what spatial multiplexing may bring in terms of performance, complete information about the channel and interference is assumed when performing link adaptation and scheduling.  
2. Simulation Assumptions

A summary of models and assumptions is provided in Table 1. The models are aligned with the assumptions in ‎[1], and cover case 1. An exception is that for simplicity a system with 21 cells operating in 5 MHz is studied. This yields optimistic absolute values but is not expected to significantly affect relative comparisons. A simple static simulation-based evaluation methodology is used. In each iteration/drop of the simulation, terminals are randomly positioned in the system area, and the radio channel between each base station and terminal antenna pair is calculated according to the propagation and fading models. To study different system load levels, cells are randomly selected to be transmitting with a cell activity factor f ranging from 20 to 100%. In active cells the transmitting user is selected randomly among the users belonging to the cell, i.e., no frequency domain multiplexing, so max one user per cell is transmitting in a certain TTI. The total number of active users for activity factor f is denoted U(f). Based on the channel realizations and the active interferers, a post-combining signal-to-interference and noise ratio (SINR) is calculated for all symbols streams in each scheduled link. Based on such ideal CQI link adaptation is performed. Using the mutual information model of ‎[2], the SINR value for each possible stream in a link is mapped to a bit-rate and then the bit-rates corresponding to one link are summed resulting in the active radio link bit-rate Ru, for scheduled user u. Active base stations and scheduled users differ between drops and statistics are collected over a large number of drops. For each cell activity factor, the served traffic per cell T(f) is calculated based on the active radio link bit-rates as the sum of the active radio link bit-rates for the active users 

T(f) = E[(u=1 U(f) Ru,/ Ncell].
(2)

where Ncell is the number of cells in the system and the expectation is taken over the drops. The mean and the 5th percentile of the active radio link bit-rates are used as measures of average and cell-edge user quality, respectively. Note that as the cell activity factor increases, individual user bit-rates decrease because of increased interference and thereby decreased SINR. The served traffic however increases as the number of active users increases. 
Table 1: Models and Assumptions.

	Traffic Models

	User distribution
	Uniform

	Terminal speed
	0 km/h 

	Data generation
	On-off with activity factor 5, 10, 20, 40, 60, 80, 100%

	Radio Network Models

	Distance attenuation
	L = 35.3+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8 dB standard deviation

	Multipath fading
	SCM, Suburban macro

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Cell radius 
	167 m (500 m inter-site distance)

	System Models 

	Spectrum allocation
	5 MHz

	Max UE output power 
	250 mW into antenna (no minimum power)

	Max antenna gain
	15 dBi

	Modulation and coding schemes
	QPSK and 16QAM, turbo coding according to WCDMA Rel-6. 

	Scheduling 
	Random selection of active users, no frequency domain multiplexing

	OFDM Parameters 
	According to 25.814 ‎[1] 

	Overhead
	28% for reference signals and L1/L2 control channels (5 symbols per TTI for data)

	Receiver
	MMSE SIC with IRC is used for MIMO cases 


3. Numerical Results

Mean bit-rate versus mean SINR (wideband carrier to noise plus interference ratio) is shown in Figure 1. As expected in conditions with perfect short-term CQI, 2x2 spatial multiplexing is always equal or better than 1x2 receive diversity. For low SINR values, both methods have similar performance and as the SINR increases the MIMO gain increases. It is also seen that receive diversity with four antennas at the NodeB clearly beats 2x2 spatial multiplexing, unless the SINR level is above 10 dB at which the benefits of having the possibility to select multi-stream transmission start to outweigh the higher diversity order of the single-stream 1x4 diversity scheme. 
The importance of diversity for low SINR conditions are useful in understanding the results in Figure 2, which depicts mean active radio link bit-rate versus traffic load. Increasing interference as more traffic is served results in lower SINR and consequently lower active link bit-rate. Thus, 1x4 diversity is for sufficiently high system load better than 2x2 spatial multiplexing, which in turn always outperforms 1x2 diversity. Comparing 2x2 with 4x4 when the activity factor is 100% (i.e., one transmitting UE per cell) shows that the uplink served traffic is doubled with 4x4.  Even higher gain is obtained for constant system load. At for example at 5 Mbps load, 4x4 gives almost three times higher radio link bit-rate than 2x2.  The higher link rates of 4x4 means that a lower activity level is needed to achieve a certain system load, thereby decreasing the average interference level and thus further increasing the gain of 4x4 over 2x2.

Even though the average SINR levels are lower, spatial multiplexing still shows considerable gains at the cell-edge. This is illustrated in Figure 3 which show 5th percentile bit-rates versus system loads. The diversity and spatial multiplexing trade-off agrees well with the observation that 1x4 receive diversity is now consistently better than 2x2 MIMO. For 100% activity level, the lower average SINR level makes single-stream diversity more beneficial resulting in diversity and spatial multiplexing exhibiting similar active radio link performance. On the other hand, fixing system load at 5 Mbps, indicates that the active radio link bit-rate roughly doubles when going from receive diversity to the corresponding spatial multiplexing scheme.
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Figure 1: Uplink mean active radio link bit-rate versus uplink mean wideband SINR.
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Figure 2: Uplink mean active radio link bit-rate versus system load
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Figure 3: Uplink mean active radio link bit-rate for users at cell-edge (5th percentile) versus system load.
4. Conclusions
The system simulation results in this paper show that spatial multiplexing may provide large gains over pure receive diversity in the uplink. For systems which are not fully loaded and at constant system load, reduced interference may even make the gain significantly higher than the well-known spatial multiplexing gain. Multi-stream transmission such as spatial multiplexing is also necessary in order to maximize peak rate. Spatial multiplexing should therefore be considered as a candidate scheme for the E-UTRA uplink.
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