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1. Introduction

At the RAN WG1#48bis meeting in Malta in March 2007, transmit diversity scheme for the shared data channel and L1/L2 control channel in the E-UTRA downlink was agreed as follows [1].
· Space-frequency block coding (SFBC) is adopted as the 2-Tx open-loop transmit diversity mode
· SFBC-based scheme is adopted as the 4-Tx open-loop transmit diversity mode
As the 4-Tx antenna transmit diversity scheme, 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 control channel in the E-UTRA downlink. 
2. Simulation Setup
We compared the performance of different transmit diversity schemes, 4-Tx SFBC plus FSTD, 4-Tx SFBC plus CDD, and 2-Tx SFBC for the common control channel. Table 1 gives the simulation parameters for the common control channel. We set the frequency bandwidth of 10 MHz as the transmission bandwidth for common control channel. We employed QPSK data modulation and Turbo coding assuming the channel coding rate of 1/3 with the repetition factor (RF) of 3. 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 antenna #3 and #4 to achieve a sufficient frequency diversity gain. 
We evaluated the performance in a noise-limited environment. As the channel model, 6-ray Typical Urban (TU) [2] and Vehicular-A (Veh-A) channel models [3] assuming the maximum Doppler frequency of 5.55 Hz, 222 Hz, and 647.5 Hz are tested. The fading correlation between adjacent transmitter antennas is 0.5 while the fading correlation between receiver antennas is 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-msec transmission sub-frame is employed. Maximal ratio combining (MRC) is employed for antenna combining.
Table 1 – Simulation parameters
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3. Simulation Results
Figures 1(a) and 1(b) show the average PER performance of the transmit diversity schemes as a function of the average total received signal-to-noise power ratio (SNR) for four transmit antennas under the TU and Veh-A channel model conditions, respectively. The fading maximum Doppler frequency is set to fD = 5.55 Hz, which corresponds to the UE speed of v = 3 km/h.  In the simulation, we assume that the total transmission power of all antennas is identical irrespective of the transmit diversity schemes. Figure 1 shows the following results.
· Under low mobility conditions, the required average received SNR at the average PER of 10-2 employing 4-Tx SFBC plus FSTD or SFBC plus CDD is lower than that using 2-Tx SFBC transmit diversity.  However, the transmit diversity gain is not so large within 0.2 dB and 0.4 dB under TU and Veh-A channel model conditions. This is because the 4-Tx diversity gain is saturated compared to 2-Tx diversity. Another reason is that the density of the reference signals of Tx #3 and #4 is half compared to that of Tx #1 and #2. That results in the increasing channel estimation error.
· When comparing SFBC plus FSTD and SFBC plus CDD, the performance levels are almost the same irrespective of the channel models.
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(a) TU channel model                   
      (b) Veh-A channel model

Figure 1－Comparison of 4-antenna transmit diversity schemes (fD = 5.55 Hz)

Next, Figs. 2 and 3 show the average PER performance of the transmit diversity schemes when the fading maximum Doppler frequency is fD = 222 Hz (v = 120 km/h) and 647.5 Hz (v = 350 km/h), respectively. The figures show the following results.
· According to the increase in the UE speed, the average PER performances of SFBC plus FSTD and SFBC plus CDD are degraded compared to that of SFBC. This is due to the reduced reference signal density of antenna #3 and #4 in the time domain and the increase in the channel estimation error for 4-Tx SFBC plus FSTD and SFBC plus CDD schemes.  
· The required average received SNR at average PER of 10-2 using 2-Tx SFBC is improved by approximately 1 dB compared to that using 4-Tx SFBC plus FSTD and SFBC plus CDD.
[image: image4.emf]10

-3

10

-2

10

-1

10

0

-9 -8 -7 -6 -5 -4 -3 -2 -1

Average PER

Average received SNR per receiver antenna (dB)

QPSK, Turbo coding

R

= 1/3, 

RF

= 3 

4-Tx diversity

SFBC+FSTD

SFBC+CDD

2-Tx diversity

SFBC

TU channel model

f

D

= 222 Hz (

v

= 120 km/h)

[image: image5.emf]10

-3

10

-2

10

-1

10

0

-9 -8 -7 -6 -5 -4 -3 -2 -1

Average PER

Average received SNR per receiver antenna (dB)

4-Tx diversity

SFBC+FSTD

SFBC+CDD

2-Tx diversity

SFBC

QPSK, Turbo coding

R

= 1/3, 

RF

= 3 

Veh-A channel model

f

D

= 222 Hz (

v

= 120 km/h)


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

Figure 2－Comparison of 4-antenna transmit diversity schemes (fD = 222 Hz)
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Figure 3－Comparison of 4-antenna transmit diversity schemes (fD = 647.5 Hz)

We present our views on 4-transmit antenna diversity for the common control channel. When we assume the total transmission power of all the transmit diversity schemes is the same between 4-Tx diversity (SFBC plus FSTD or SFBC plus CDD) and 2-Tx SFBC diversity, the performance gain employing 4-Tx diversity is not large under low mobility conditions and is degraded under very high mobility conditions. High reception quality (i.e., a low PER) under various UE conditions is important for the common control channel, and that a transparent transmit diversity scheme regardless of the number of transmit antennas of two or four is desirable from the viewpoint of simplicity. Therefore taking into account the performance and transparency, we consider that SFBC is promising as 4-transmit antenna and 2-transmit antenna diversity schemes for the common/shared control channel in the E-UTRA downlink. 
However, there is a concern in the E-mail reflector that if 2-Tx SFBC is used for a 4-antenna Node B, some ingenuity is needed in order to transmit at the same transmission power as the shared data channel to increase the coverage. We consider that there are some solutions regarding this problem, although we believe that both schemes are implementation matters.
· Use of fixed precoding after multiplexing all the data and control channels in order to operate in the orthogonal beam-domain proposed by Qualcomm in the E-mail reflector. The UEs do not need to recognize the components of precoding vectors. This is beneficial especially for a low correlated channel with a large antenna separation.
· Use of a power amplifier (PA) with the capability of higher transmission power for the first two antennas (Ant #1 and #2). In this case, the control channel can be transmitted by using only two transmit antennas.
4. Conclusion

This contribution investigated the open-loop transmit diversity scheme for the common/shared control channel for the Node B with 4-transmit antennas in the E-UTRA downlink. Simulation results elucidated that 4-Tx diversity (SFBC plus FSTD or SFBC plus CDD) gain compared to 2-Tx SFBC diversity is marginal under low mobility conditions and is degraded under high mobility conditions. Therefore, we consider that SFBC is a promising candidate for 2-branch transmit diversity for the common/shared control channel, regardless of the number of antennas of two or four at the Node B.
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