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1. introduction

HSDPA proposals have focused on single antenna transmission. Because two antennas will be available for voice service, they should be utilized for HSDPA transmission as well. For voice service, the dual antennas achieve transmit diversity using space-time transmit diversity (STTD) block coding. The resulting system capacity is higher than that of a system using a single antenna for transmission. 
For HSDPA service, one can also use STTD to achieve diversity. However, the resulting system capacity is actually lower than that of a system using a single antenna. An alternative to STTD is selection transmit diversity (STD) whereby the UE measures the channel from both antennas and selects the stronger. Antenna selection is communicated to the Node B via the uplink HS-DPCCH from each UE. The resulting system capacity using STD is higher than that of a single-antenna HSDPA system. The merits of STD transmission also be apply to UEs with multiple antennas. Furthermore, it can be used as the basis for lower rate transmissions in future MIMO systems [1]. 
We compare the system performance of HSDPA systems with proportional fair scheduling using single antenna transmission, dual-antenna STTD transmission, and dual-antenna STD transmission. 





2. Transmission Techniques 
The Node B transmits to a single UE on each TTI as determined by the scheduler. The scheduler transmits to a given user at the data rate requested by the users. 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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where FER is the frame error rate which is a function of Ec/Nt at time step t. The function Ec/Nt(t) is given below for conventional signal antenna transmission, STTD transmission, and STD transmission. The FER is obtained from the static link simulations shown in Figure 1, using the appropriate conversion from Eb/N0 to Ec/Nt. This data rate is chosen by the UE and transmitted to the Node B via uplink signaling on the HS-DPCCH. 
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Figure 1. Link level FER versus Eb/N0
2.1 Ec/Nt determination 
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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where 
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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


[image: image6.wmf]2

,

11

1

()|()|

MN

cc

ij

ij

tt

loc

EE

tht

NNM

==

æöæö

=

ç÷ç÷

èøèø

åå


where M = 2 is the number of transmit antennas and N = 1, 2 is the number of receive antennas. For multiple receive antennas, maximal ratio combining is used to achieve receive diversity and combining gain.
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). 
The achievable rates and associated coding and modulation parameters are shown in Table 1. Lower data rates are achieved using symbol repetition. For the system level simulations, we assume that the channels are spatially uncorrelated. 
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Table 1. MCS options 


3. 








4. sIMULATION RESULTS
Relevent system parameters and traffic models are discussed in [2] and [3]. All HSDPA terminals are assigned the same speed of 3 Km/hr. Feedback delays of 0 or 7 slots in reporting the requested data rate from the terminal to the base are simulated. All signals are assumed to be Rayleigh fading and independent across the antennas. The traffic model parameters are based on those specified [2], however they have been scaled appropriately to reduce simulation time. The parameters are given in Table 2.  
Results for the proportional fair scheduling algorithm are presented in this study. This scheduler maintains an average rate R_avg transmitted to each user over the last 1000 frames and examines the ratio of the instantaneous to the average channel conditions experienced by different users and chooses the user with the maximum ratio, i.e. max(R(t)/R_avg). This scheduler tries to maximize the average sector throughput while maintaining some degree of fairness. Some results for round robin scheduling were presented in [4].
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.
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 throughputs are presented in Tables 4 and 5 for the (1,1) system, Tables 6 through 9 for (2,1) systems, and Tables 10 tthrough 13 for (2,2) systems. The average sector throughput (given in the tables as the average service throughput) are given in Figures 2 and 3 as a function of the number of UEs per sector.
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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 2. Traffic Model Parameters
Table 3 summarizes the system throughput of the various options. We note that the throughput of the (2,1) STTD system is less than that of the (1,1) system. In other words, the transmit diversity actually decreases throughput. This seemingly counterintuitive observation follows from the fact that the scheduler takes advantages of large variations in the instantaneous C/I; hence by reducing the variation of C/I using STTD, the overall performance is degraded. On the other hand, because STD selects the best antenna for transmission, its performance will be superior to the single antenna transmission. 

Using multiple receive antennas, STTD achieves receiver diversity and combining gain so that its performance is better than the (1,1) system. However, the STD performance is still superior.


0 slot delay
7 slot delay

(1,1)
4.95 (0.0)
4.12 (0.0)

(2,1) STD
5.33 (7.7)
4.37 (6.1)

(2,1) STTD
4.61 (-6.9)
3.98 (-3.4)

(2,2) STD
6.07 (22.6)
5.18 (25.7)

(2,2) STTD
5.51 (11.3)
4.97 (20.6)

Table 3. Average sector throughput for 40 users per sector in Mbps
(percentage change with respect to (1,1))

5. relationship with mimo proposals

Because the performance of STD is superior to STTD with multiple receive antennas, we have proposed that it be used to achieve lower data rates in MIMO systems [4]. Alternatively, if limited UE complexity prevents implementation of a receiver for code re-use, one could use only STD for transmission and maximal ratio combining over the multiple receive antennas, thereby trading off complexity lower peak data rates.
6. conclusion
We conclude that if multiple antennas are available at the Node B, STTD should not be used for HSDPA transmission and that STD should be considered instead. 
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Figure 2. Average sector throughput, 0 slot delay feedback
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Figure 3. Average sector throughput, 7 slot delay feedback 








8. 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps
%
%

1
0.23693 
2.9508
12.981
0/0/0/5.9259/6.6667/22.963/87.407/97.037/97.778   

5
1.1564
2.8270
50.397
0/0/0/5.3867/7.4586/23.066/90.331/98.481/99.033

10
2.3152
2.5023
81.644
0/0/0.073855/2.8804/9.3058/34.121/92.762/99.557/99.852

20
3.9099
1.6517
99.314
0/0.47764/1.6066/8.5975/38.819/65.263/97.178/100/100

40
4.9450
0.44021
100
0.93620/2.4965/6.3800/62.20/92.822/98.058/99.896/100/100

Table 4. 1 Tx 1Rx, 0 delay
# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps
%
%

1
0.25046
2.7649
14.828
0/0/0/3.9063/5.4688/25.781/91.406/98.438/99.219/100.0

5
1.1303
2.3789
61.268
0/0/0/4.9699/8.8855/36.898/93.976/99.699/99.849/100.0

10
2.2644
2.0040
88.844
0/0/1.1664/2.7216/20.062/53.810/96.345/99.844/99.844

20
3.5532
1.1788
99.911
0/1.4174/2.6393/17.546/57.185/81.085/98.485/100.0/100.0

40
4.1178
0.28913
100
1.4894/3.0203/14.274/82.333/97.931/99.504/100.0/100.0/100.0

Table 5. 1Tx 1Rx, 7 slots delay

# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps
%
% 

1
0.23845 
3.2400
12.036 
0/0/0/6.6176/6.6176/13.971/83.824/97.794/97.794   

5
1.1589
3.0688
50.691
0/0/0/4.965/6.0690/16.000/86.069/98.069/98.897

10
2.3235
2.6636
81.810
0/0/0.51622/3.3923/8.6283/30.088/89.897/99.410/99.705

20
3.8398
1.7079
99.542
0/1.1926/2.2085/10.247/38.781/63.560/96.025/99.956/99.956

40
4.6133
0.39445
100
1.3050/2.6473/9.3214/69.761/94.594/98.546/99.925/100/100

Table 6. 2Tx 1Rx, STTD, 0 delay

# Users

per

Sector
Average Throughput Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps 
%
%  

1
0.23693 
2.9710
13.336
0/0/0/5.9259/5.9259/19.259/88.889/97.778/98.519    

5
1.1400
2.7237
53.949
0/0/0/3.7975/5.7665/26.582/91.702/98.875/99.297

10
2.2506
2.3197
82.910
0/0/1.4232/3.0712/13.483/42.772/93.558/99.700/100

20
3.4717
1.3002
99.898
0.049092/1.3746/2.6510/17.035/54.492/77.467/97.153/100/100

40
3.9764
0.26824
100
1.8736/3.3115/17.298/85.839/98.344/99.564/99.956/100/100

Table 7. 2Tx 1Rx, STTD, 7 slots delay

# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps
%
% 

1
0.26729
3.5333
8.9848 
0/0/0/0.59880/2.3952/5.9880/80.838/97.006/97.605   

5
1.2232
3.2516
46.687
0/0/0/4.5649/7.2753/13.695/80.171/98.431  99.001

10
2.4201
2.9201
68.425
0/0/0/3.2486/7.2034/23.446/86.370/98.799/99.435

20
4.1500
2.0462
98.437
0/0.081136/1.8661/5.8418/26.288/53.793/93.185/99.838/99.959

40
5.3316
0.56320
100
0.15788/1.9577/4.1048/51.342/88.443/95.895/99.653/99.968/100

Table 8. 2Tx 1Rx, STD, 0 delay

# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps
%
% 

1
0.22903
3.0866
12.120  
0/0/0/5.7692/70.513/15.385/89.103/98.077/98.718    

5
1.2095
2.8876
47.141
0/0/0/5.7269/7.6358/20.264/88.693/98.091/99.853

10
2.4038
2.4796
78.923
0/0/0.22239/3.6323/9.6368/35.656/92.513/99.555/99.852

20
3.8289
1.4577
99.672
0/0.98965/1.9343/12.011/45.659/72.740/97.076/100/100

40
4.3733
0.32015
100
1.29262.4285/10.889/78.613/97.219/99.09/99.961/100/100

Table9. 2Tx 1Rx, STD, 7 slots delay

# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps 
% 
%   

1
0.25348
3.5774
7.6907
0/0/0/0/8.4507/8.4507/78.873/97.887/98.592

5
1.2543
3.4698
38.345
0/0/0/0.96154/6.3187/9.3407/76.099/97.665/98.489

10
2.5253
3.2036
65.695
0/0/0/2.5342/5.6164/15.548/78.973/98.493/99.384

20
4.3276
2.3334
96.301
0/0.040258/1.2882/4.5894/20.169/43.800/90.258/99.477/99.879

40
5.5108
0.59120
100.0
0.062716/1.8188/3.6375/48.667/86.924/95.234/99.624/100/100

Table 10. 2Tx 2Rx, STTD, 0 delay
# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps 
% 
%   

1
0.24300
3.4243
8.9816
0/0/0/0/6.1644/6.164/76.027/100/100

5
1.2102
3.3313
39.779
0/0/0/1.7118/6.9900/11.698/80.599/98.573/98.859

10
2.4654
3.0041
68.314
0/0/0/3.4843/6.8990/20.070/84.390/99.233/99.652

20
4.1172
1.9316
97.705
0/0.041494/2.0747/7.6763/31.660/57.344/94.191/99.876/99.917

40
4.9700
0.43636
100
0.54164/2.4712/5.4164/6.3236/93.60/98.274/99.797/100/100

Table 11. 2Tx 2Rx, STTD, 7 slots delay

# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps
%
% 

1
0.25133
3.7986
6.6967
0/0/0/0/8.5106/8.5106/65.248/95.745/97.163   

5
1.1931
3.5426
33.556
0/0/0/0.26420/7.7939/9.5112/72.259/97.886/98.811   

10
2.5448  
3.3811
58.061
0/0/0/0.54274/5.3596/10.787/77.476/98.168/99.118   

20
4.5717 
2.4929
93.249
0/0/0.22556/4.3985/15.602/37.519/88.421/99.737/100   

40
6.0711
0.79316
100
0/1.2174/3.3409/33.324/78.652/91.506/98.981/100/100

Table 12. 2Tx 2Rx, STD, 0 delay

# Users

per

Sector
Average Throughput

Statistics Center Cell
Percentage

Utilization
User Packet Call Throughput  CDF

<32k<64k<128k<384k<1M<2M<4M<6M<8M




Service
Packet Call




Mbps
Mbps
%
% 

1
0.28523
3.7301 
9.0992
0/0/0/0/7.0064/7.0064/74.522/96.178/96.178 

5
1.2512
3.4995
34.065
0/0/0/0.13021/5.4688/7.1615/77.734/98.177/98.828

10
2.4606
3.1688
65.892
0/0/0/1.4503/5.9463/16.099/81.726/98.477/99.420

20
4.3017
2.1429
96.55
0/0/0.96000/5.5600/25.520/49.640/92.840/99.800/99.920

40
5.1800
0.43998
100
0/2.1595/47.508/60.266/93.555/98.638/99.934/100/100

Table 13. Tx 2Rx, STD, 7 slots delay
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