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1. introduction

MIMO transmission uses multiple antennas at both the Node B transmitter and UE receivers to enhance the performance of HSDPA [2]. Link level simulations results were presented showing potential gains for different coding and modulation schemes achieving data rates of up to 21.6 Mbps [3]. While the link simulations showed significant gains mostly for the higher data rates, the impact of the MIMO technology at the system level in terms of metrics such as the Service, Packet Call and Packet Call CDFs as described in the technical report [8] is of interest. In this contribution, we present simulation results for such metrics based on the traffic model suggested in [8] with some modifications to speed up the simulations. We use the simulation methodology described in [7] for system simulations for MIMO and diversity transmission techniques. 
The details of the simulation assumptions are presented in the next section. We emphasize that the simulation results reported here do make several simplifying assumptions. All packets are assumed to be single slot transmissions and hybrid ARQ is not considered. Error in C/I estimation at the terminal  and errors in reporting the C/I are not included in the simulations. Fast cell-site selection is limited to choosing the best base station at the time the terminals are placed in the sector. Only single path Rayleigh fading, independent across all antennas is considered. Nevertheless, relative comparison of performance achieved by the different antenna configurations would indicate potential gains from use of multiple antennas.
2. SYSTEM SIMULatION Description

2.1 Overview

The system simulation incorporates placement of base stations in a hexagonal grid, placement of terminals within each sector, determining the pathloss and shadow fading from each base to each of the terminals, choosing the best base station for service based on path loss and shadow fading, and also Rayleigh fading from the central base station to each of the terminals it serves. The system simulation is dynamic in that the Rayleigh fading simulated for each user evolves in discrete time steps of 0.667 ms corresponding to a single slot. All of the base station power excluding the overhead for pilots etc is assumed to be available for data. The pathloss, shadow fading and Rayleigh fading are used to determine the requested rate by each terminal. This rate is fed back to the base station, and the terminals are served in a round robin fashion to ensure fairness. The determination of the rate depends on the transmission mode. The three modes considered here are:

· conventional single antenna transmission

· open loop transmit diversity (space-time transmit diversity (STTD)), and 

· MIMO. 


For conventional and STTD transmission (which we collectively refer to as “non-MIMO” modes), higher data rates are achieved using higher order data constellations and increased coding rates. The rate determination for non-MIMO modes is based on the measured Ec/Nt, described in the next subsection. For MIMO mode, lower data rates are achieved using selection transmit diversity (STD) whereby the base station uses the better of two antennas for transmission. Both the desired rate and the transmit antenna index are fed back to the base station in a unifed manner [10]. Rate determination for STD is based on the measured Ec/Nt from the best antenna. For MIMO mode at higher data rates, MIMO transmission with code re-use is employed [3]. Because this type of transmission cannot be defined by a single measured Ec/Nt rate determination is based on a minimum mean squared error (MMSE) metric which incorporates the fading between all antennas. (Previously, a log determinant metric was used for rate determination [7].)

2.2 Determining Ec/Nt and the MMSE metric

Conventional transmission. The system simulation generates 5 Ec/Nt samples per 3.333ms HSDPA frame. These 5 values are averaged to determine a frame metric which is then used with the appropriate static curve to determine if the frame is erased. This method is in line with what is suggested in [4]. The Ec/Nt at each time step t is determined by
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 is the instantaneous Rayleigh fading from the base station to the terminal and the location Ec/Nt is given by randomly choosing from the Ior/Ioc CDF and assuming 70% of the power is devoted to the data users.

Space-time transmit diversity. When multiple antennas are used and diversity mode transmission is employed the same static FER vs Ec/Nt curves are used to determine the successful transmission of the packet. However, now the system simulation simulates the Rayleigh fading coefficient,
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, from each transmit antenna to each receive antenna for each terminal and the Ec/Nt sample value is now computed as
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where M is the number of transmit antennas ( M = 1, 2, or 4) and N ( N = 1, 2, or 4) is the number of receive antennas. Note that the above Ec/Nt is what is achieved when M = 2 and space-time transmit diversity (STTD) is employed at the transmitter and maximal ratio combining (MRC) is done at the receiver. For M = 4, since there is no known technique that  achieves the full fourth order diversity without any loss in SNR, the above Ec/Nt value should be viewed as  an upper bound and the throughput results obtained for the 4 transmit antenna case in the diversity mode will also be an upper bound to the actual throughput in practice. 

Selection transmit diversity. When multiple antennas are used and selection transmit diversity mode transmission is employed the same static FER vs Ec/Nt curves are used to determine the successful transmission of the packet. However, now the system simulation simulates the Rayleigh fading coefficient,
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, from each transmit antenna to each receive antenna for each terminal and the Ec/Nt sample value is now computed as
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where M is the number of transmit antennas (M = 1, 2). 

MIMO. The MMSE metric measures the mean squared error output following a minimum mean squared error linear transformation. This quantity can be computed analytically and is given by 
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where H is the instantaneous matrix channel between the base station antennas and the terminal antennas for any given user and 
[image: image8.wmf]l

is the spreading gain. The simulation results shown in Figures 2 and 3 indicate that this metric can be used to determine the best transmission rate based on the location Ec/Nt and the channel matrix H. 

2.3 Data rate sets

The achievable rates and associated coding and modulation parameters are shown in Tables 1, 2, and 3 for, respectively, non-MIMO mode, 2 antenna MIMO mode, and 4 antenna MIMO mode. For the system level simulations, we assume that the channels are spatially uncorrelated. For highly correlated channels, the performance of 4 antenna MIMO may be degraded. However, this situation is remedied by  transmitting with 2 antenna MIMO [11]. Therefore more general rate sets should be defined for 4 antenna MIMO, as illustrated in [10].
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Table 1: Data rates for non-MIMO transmission
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Table 2. Data rates for MIMO transmission with 2 antennas
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Table 3. Data rates for MIMO transmission with 4 antennas

For the 2 antenna MIMO system at 10.8 Mbps, a maximum likelihood (ML) detector is used. For all other MIMO systems, a suboptimum VBLAST detector is used to reduce the receiver complexity. Further performance gains are achievable using ML in place of VBLAST. 

2.4 System Simulation Parameters and Method

As before the 5 metric sample values during a frame are averaged to obtain the frame metric which is then used to determine the frame error rate. 

Figure 2 shows the FER plotted against the log-det metric defined above. The plot is obtained by simulating 100 channel matrices for each of 5 different values of location Ec/Nt. For each of the channel matrices and Ec/Nt values the FER is obtained from link simulations over a large number of frames. The FER is then plotted against the log-det metric value for the corresponding channel and Ec/Nt value 

Relevent system parameters are discussed in [8] and are included in the generation of the Ior/Ioc distribution shown in Figure 4 which is obtained from [9]. All HSDPA terminals are assigned the same speed of 3 Km/hr. A 3 frame feedback delay in reporting the requested data rate from the terminal to the base is simulated. All signals are assumed to be Rayleigh fading and independent across the antennas. The traffic model specified for the HSDPA system simulations in [8] is used in this simulation. However, the parameters have been scaled to reduce the simulation time. The individual user arrival rates are increased so that the system reaches high utilization with a smaller number of users than specified in [8]. The details of the simulation parameters for the traffic model are presented in Table 3. Only the results for the round robin scheduling algorithm is considered in this study. Results for other scheduling algorithms will be presented in a future contribution. The data rate at which to transmit to the terminal chosen during a particular frame is determined by picking the rate that maximizes the throughput, which is defined as
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The FER, which is a function of the frame averaged Ec/Nt, is obtained from the static link simulations for non MIMO mode transmission shown in Figure 1. For the MIMO schemes, the FER is obtained from the envelope of the MMSE metric value in Figures 2 and 3. 

3. Simulation Results

The cumulative distribution function of the geometry obtained from [9] is shown in Figure 4 for reference. We let (M, N) denote a system with M transmitters and UEs each with N antennas. The system simulation results in terms of Service and Packet Call are presented in Table 4, 5, 6, and 7 for (1,1), (2,1), (2,2), and (4,4) systems respectively. 

From the simulation results we see that (2,1) STD gives a 42 % gain in average service throughput gain over the conventional (1,1) system with 20 UEs per sector. The (2,2) MIMO system gives a 66% gain the conventional system. In the (4,4) system, the system can support twice as many UEs at full utilization, and the corresponding average service throughput is over 2.5 times the conventional system’s. The gains in the packet call CDF are significant as well. For example at 20 UEs per sector, the probability that the packet service throughput is at least 1Mbps is 0.06, 0.16, 0.29, and 0.62 for the (1,1), (2,1), (2,2), and (4,4) systems, respectively. 
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Packet Call Size
Pareto with cutoff
a=1.2, k = 60 Kbytes, m=2Mbytes, 
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 210 Kbytes

Time Between Packet Calls
Geometric
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Packet Size
Segmented based on MTU size
1500 octets

Packets per Packet Call
Deterministic
Based on packet call size and packet MTU

Packet Inter-arrival Time (open loop)
Geometric
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Table 3: Traffic Model Parameters

# Users per Sector
Average Throughput Statistics

Center Cell
Percent Utili-zation
User Packet Call Throughput CDF

<32k/64k/128k/384k/1M/2M/4M




Service
Packet Call




Mbps
Mbps
%
%

1 ue/sector
0.2592
2.9492
12.67
5.48/6.16/6.16/8.9/12.33/19.18/85.62

5 ue/sector
1.1057
2.1942
55.75
6.5/7.23/8.96/17.92/27.31/42.63/93.21

10 ue/sector
1.8911
1.2959
87.39
7.8/9.42/13.54/33.63/53.99/73.27/97.58

20 ue/sector
1.9546
0.2583
99.96
17.37/32.93/56.58/84.44/94.33/97.68/99.83

Table 4: 1Tx, 1 Rx, Round Robin, 3 Km/hr, feedback delay of 3 frames, 
No FCS, No Hybrid ARQ

# Users per Sector
Average Throughput Statistics

Center Cell
Percent Utili-zation
User Packet Call Throughput CDF

<32k/64k/128k/384k/1M/2M/4M




Service
Packet Call




Mbps
Mbps
%
%

1 ue/sector
0.2696
3.3390
8.22
6.08/6.08/6.08/6.08/11.49/12.16/79.05

5 ue/sector
1.2643
2.6967
41.42
6.01/6.29/6.71/10.07/20.56/29.51/87.13

10 ue/sector
2.2045
1.8101
75.12
6.73/7.8/10.63/22.09/42.97/57.87/92.97

20 ue/sector
2.7675
0.5804
99.09
11.00/18.11/32.63/64.65/83.87/92.46/98.58

Table 5: 2 Tx, 1 Rx, STD, Round Robin, 3 Km/Hr, 3 frame delay, 
AMC, No HARQ, No FCS

# Users per Sector
Average Throughput Statistics

Center Cell
Percent Utili-zation
User Packet Call Throughput CDF

<32k/64k/128k/384k/1M/2M/4M




Service
Packet Call




Mbps
Mbps
%
%

1 ue/sector
0.2739
3.5053
9.3%
5.81/5.81/5.81/5.81/10.97/11.61/74.19

5 ue/sector
1.2328
2.9350
37.07%
5.6/5.86/5.99/7.81/19.53/26.30/81.64

10 ue/sector
2.4202
2.3354
67.22%
6.11/6.39/7.17/13.21/29.19/42.97/89.42

20 ue/sector
3.2362
0.9295
97.62%
9.4/12.91/22.25/49.66/71.09/83.53/97.68

Table 6: 2 Tx 2 Rx, MIMO, Round Robin, 3 Km/Hr, 3 frame delay, 
AMC, No HARQ, No FCS

# Users per Sector
Average Throughput Statistics Center Cell
Percent Utilization
User Packet Call Throughput CDF

<32k/64k/128k/384k/1M/2M/4M




Service
Packet Call




Mbps
Mbps
%
%

5 ue/sector
1.3164
3.4763
27.69
5.5/5.75/5.75/6.01/6.91/15.35/73.27

10 ue/sector
2.6589
3.0391
52.39
5.7/5.99/6.05/7.85/12.64/25.35/79.44

20 ue/sector
4.7338
1.9053
88.78
6.5/6.61/7.64/19.09/38.44/58.33/92.44

40 ue/sector
5.4747
0.4153
100
10.9/15.22/36.19/72.84/89.55/96.31/99.44

Table 7: 4 Tx 4 Rx, MIMO, Round Robin, 3 Km/Hr, 3 frame delay, 
AMC, No HARQ, No FCS
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Figure 1. Static Link Level Curves 
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Figure 2. (2,2) frame error rate as a function of the metric
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Figure 3. (4,4) frame error rate as a function of the metric
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Figure 4. CDF of Geometry
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