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1. Introduction

At the RAN WG1#48bis meeting in Malta in March 2007, it was agreed that space-frequency block coding (SFBC) is adopted as the 2-Tx open-loop transmit diversity mode, and an SFBC-based scheme is adopted as the 4-Tx open-loop transmit diversity mode for the downlink shared data channel [1]. As the 4-Tx antenna transmit diversity scheme in the downlink SFBC plus frequency switched transmit diversity (FSTD), SFBC plus cyclic delay diversity (CDD) as well as 2-Tx antenna transmit diversity are candidates. This paper presents our simulation comparison results and our views on the optimum 4-Tx antenna transmit diversity scheme for the shared data channel in the E-UTRA downlink. 
2. Simulation Configuration
We compared the throughput performance of different transmit diversity schemes, 4-Tx SFBC plus FSTD, 4-Tx SFBC plus CDD, 2-Tx SFBC, and 1-Tx antenna transmission for the shared data channel. Table 1 gives the link-level simulation parameters assumed in this contribution. We set the frequency bandwidth to 10 MHz as the transmission bandwidth for the shared data channel. We assumed two receiver antennas. We employed the QPSK, 16QAM, and 64QAM data modulation schemes. Turbo coding with the coding rate, R, of 1/3, 1/2, 2/3, and 4/5 were employed. We multiplexed the orthogonal reference signal of each transmitter antenna.  For 4-Tx SFBC plus FSTD and SFBC plus CDD, we utilize the orthogonal reference signals of all four transmitter antennas while the reference signals of only Tx #1 and #2 are used for 2-Tx SFBC. In SFBC plus CDD, a cyclic shift of 128 samples was added to the common control channel of transmit antennas #3 and #4 to achieve a sufficient frequency diversity gain in the CDD scheme. HARQ using Incremental Redundancy (IR) was assumed. The re-transmission interval was set to 5 ms.
As the channel model, the 6-ray Typical Urban (TU) [2] and Vehicular-A (Veh-A) [3] channel models assuming the maximum Doppler frequency of 222.2 Hz were tested. Fading correlation between adjacent transmitter antennas and between receiver antennas was assumed to be 0. At the UE receiver, actual channel estimation based on a two-dimensional minimum mean squared error (MMSE) channel estimation filter using orthogonal reference signals allocated within a 1-ms transmission sub-frame and maximal ratio combining (MRC) were employed for antenna combining.
The system-level sector throughput was estimated by convolution of the average signal-to-interference noise power ratio (SINR) distribution assuming a Case 3 multi-cell environment as defined in [2] with the parameters given in Table 2 and the link-level throughput of each modulation and coding scheme (MCS) as a function of the average SINR.
Table 1 – Link-level simulation parameters
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Table 2 – System-level simulation parameters
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3. Simulation Results
Figures 1(a) and 1(b) show the throughput performance of each MCS for various transmit diversity schemes as a function of the average total received SINR from two or four transmit antennas, in the 6-ray TU and Veh-A channel models, respectively. In the simulation, we assume that the total transmission power of all antennas is identical irrespective of the transmit diversity scheme. The figures show that the throughput of 2-Tx SFBC becomes higher than that for 4-Tx SFBC plus FSTD or SFBC plus CDD in both the TU and Veh-A channel models. This is explained as follows. The density of the reference signals of Tx #3 and #4 is half compared to that for Tx #1 and #2. Therefore, the throughput performance employing the 4-Tx SFBC plus FSTD scheme and that employing the SFBC plus CDD scheme are degraded due to the increase in the channel estimation error according to the reduced reference signal density of antennas #3 and #4 in the time domain for a high mobility case. 
[image: image3.emf]Throughput (Mbps)

Average SINR (dB)

1Tx

SFBC (2Tx)

SFBC+FSTD (4Tx)

SFBC+CDD (4Tx)

0

5

10

15

20

25

30

-5 0 5 10 15 20

QPSK, 

R

= 1/3

QPSK, 

R

= 1/2

QPSK, 

R

= 2/3

16QAM, 

R

= 1/2

16QAM, 

R

= 2/3

64QAM, 

R

= 1/2

64QAM, 

R

= 2/3

64QAM, 

R

= 4/5

QPSK, 

R

= 1/3

QPSK, 

R

= 1/2

QPSK, 

R

= 2/3

16QAM, 

R

= 1/2

16QAM, 

R

= 2/3

64QAM, 

R

= 1/2

64QAM, 

R

= 2/3

64QAM, 

R

= 4/5


(a) 6-ray TU channel model
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(b) Veh-A channel model

Figure 1 – Average throughput performance as a function of average SINR 
for various transmit diversity schemes
Next, we compare the system-level sector throughput. Figure 2 shows the cumulative distribution of the average SINR in the Case 3 multi-cell scenario in TR25.814.
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Figure 2 – Cumulative distribution of the average SINR in multicell model assuming Case 3
Table 3 gives the sector throughput assuming the respective transmit diversity schemes, which is derived by the convolution of the average SINR distribution in Fig. 2 and the link-level throughput of each MCS as a function of the average SINR in Fig. 1. The table indicates that 2-Tx SFBC achieves a higher sector throughput than 4-Tx SFBC plus FSTD or SFBC plus CDD, in both the TU and Veh-A channel models.

Table 3 – Sector throughput comparison
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Based on these simulation results, 2-Tx SFBC achieves better performance than 4-Tx SFBC plus FSTD and SFBC plus CDD, assuming that the total transmission power at the Node B is the same. If fixed precoding after multiplexing all data and control channels is allowed in order to operate in the orthogonal beam-domain, we would like to employ 2-Tx SFBC since it is possible to utilize all power amplifiers from all 4-Tx antennas. Although we do not intend to preclude the use of the 4-Tx diversity scheme for the shared data channel, we would like to retain the 2-Tx SFBC diversity scheme as the 4-antenna transmit diversity scheme. 
4. Conclusion

This contribution investigated the optimum open-loop transmit diversity scheme for the shared data channel for the Node B with 4-transmit antennas in the E-UTRA downlink. Simulation results showed that 2-Tx SFBC achieves a higher sector throughput than 4-Tx SFBC plus FSTD or SFBC plus CDD assuming the same transmission power at a Node B. Although we do not intend to preclude the use of the 4-Tx diversity scheme, we would like to retain 2-Tx SFBC as the 4-antenna transmit diversity scheme for the downlink shared data channel. 
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