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1. summary

We provide some preliminary simulation results demonstrating the relative ideal packet data throughputs of various uplink multi-antenna schemes such as closed loop transmit diversity (“TxAA”), multi-stream transmission (MIMO), and selection transmit diversity; all with two transmit antennas at the UE. As a baseline we also include results with a single transmit antenna. We evaluate the performance with 2 and 4 receive antennas (at node E). We observe that:

· MIMO (2 stream) seems worth further study to enhance average throughput, especially when 4 receive antennas are used. The average throughput gain of MIMO over diversity transmission is around 10% and 30% for 2 and 4 receive antennas, respectively. 

· UE transmit antenna selection provides similar average capacity (within 5-8% in our simulations) to ideal closed loop transmit diversity, and so merits further study for single stream transmission.  
· These results examine potential multi-antenna transmission gains when same-cell users can be assumed to be orthogonal. Further study is needed of the performance when this assumption is not valid, as well as under more realistic simulation conditions compliant with TR25.814.  Also note that
·  MIMO and other technologies that require multiple UE antennas and PAs are considered only for some UE categories and are not considered as generic UE capabilities.
2. Multi-Antenna Uplink Setup

The system configuration parameters are listed in table 1. We evaluate the performance with 2 and 4 receive antennas at the base station. For the sake of simplicity we use a 19 omni-cell system. The total number of OFDM sub-carriers is 256, however, without loss of generality we assume 16 sub-carriers per UE. In other words, one UE gets only 16 sub-carriers at a time. These are distributed uniformly across the whole bandwidth, allowing for diversity gain. We further allow for a repetition by a factor of up to 32. Note that repeated symbols are scrambled.

An optimal scheduler is assumed, wherein at any given instant only one UE is served by each cell on those (16) sub-carriers. This is accomplished by simply selecting UE locations that are served by each cell exclusively. Also, an Adaptive Modulation and Coding (AMC) mechanism is used. Table 2 shows the SINR thresholds used for the AMC. These levels are based on link simulations of turbo codes. Note that the code rates are the effective code rates after any mode of repeats (due to retransmissions, etc). While the AMC mechanism can be applied in a variety of ways, in this contribution we present frequency selective AMC with water filling in frequency. Note that water filling is not used across antennas (streams).

The TxAA and MIMO schemes transmit using one and two eigenvectors of the channel, respectively.  The channel is assumed known at the UE.  The UE transmit antenna selection is also ideal.  The receiver at the base station uses linear MMSE combiners (spatial only) for all sub-carriers. Frequency domain equalization is assumed to eliminate ISI due to channel multipath. The capacity is computed using the Modulation and Coding Selection shown in table 2. Essentially, the SINR is computed for each group of sub-carriers (i.e. group of sub-carriers the symbol is repeated across) and the capacity for that SINR is looked up from the table. The capacity for the UE is then simply the sum of capacities for all sub-carrier groups.

Table 1: System Configuration Parameters

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	19 Sites, omni
	Hexagonal grid

	Simulation type
	Snapshot, 1000 Drops
	1 UE per cell in each drop;
 1 fading sample per drop

	Scheduler
	Round-Robin
	Users always have full buffers

	Median SNR of signal from UE at cell corner
	10 dB 
	

	Propagation Model
	Vehicular-A
	

	Speed
	Quasi-Static
	Channel is constant during a TTI; fading samples are independent

	Number of FFT Bins
	256
	

	Sub-carriers per UE
	16
	evenly distributed

	Repeats
	1-32
	Across subcarriers

	Channel Estimation
	Ideal
	

	Carrier frequency
	2GHz
	

	Number of UE antennas
	1, 2
	Transmit Antennas

	Number of base station antennas
	2, 4
	Receive Antennas

	Number of streams
	1, 2
	


Table 2: MCS Levels

	SINR Threshold
	Modulation and

Effective Coding level

(bits/sub-carrier)

	-12
	0

	-11
	0.0078 (R=1/8, Rep=32, 4QAM)

	-10
	0.0156 (R=1/8, Rep=16, 4QAM)

	-9
	0.0313 (R=1/8, Rep=8, 4QAM)

	-8
	0.0625 (R=1/8, Rep=4, 4QAM)

	-7
	0.125 (R=1/8, Rep=2, 4QAM)

	-5
	0.25 (R=1/8, 4QAM)

	-2
	0.5 (R=1/4, 4QAM)

	1
	1 (R=1/2, 4QAM)

	4
	1.5 (R=3/4, 4QAM)

	6
	2 (R=1/2, 16QAM)

	8
	2.5 (R=5/8, 16QAM)

	10
	3 (R=3/4, 16QAM)


3. Simulation Results and Discussion

System simulations were performed for the configurations described above, and the results are in table 3 below. Since this analysis is idealized and we wish to study relative performance, the results are normalized to the single UE transmit antenna, 2 antenna base reception case. We observe that the average throughput gain of multiple stream over single stream transmission is 9% and 30% for 2 and 4 receive antennas, respectively.  Also, with two streams the average capacity of the 4 Rx case is 45% higher than the 2 Rx case.  We see that ideal TxAA has somewhat better capacity than UE transmit antenna selection: it has 5% and 8% more for the 4 and 2 receive antenna cases, respectively. Note that we expect that single stream methods perform better than multiple streams at the fringe of the cell, but this is for further study.

Table 3: Normalized Average System Throughput (bits/sub-carrier)

	Antenna Configurations
	2 Rx
	4 Rx

	1 Tx
	1
	1.31

	1 Str, 2 Tx, TxAA
	1.24
	1.51

	1 Str, 2 Tx, Sel.
	1.14
	1.43

	2 Str, 2 Tx
	1.35
	1.96


