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1. Introduction 

Open Loop Transmit Diversity (OLTD) is an effective technique for reducing outage probability when 
either the channel state information is not accurately available at the transmitter (such as at high 
Doppler) or when retransmission and link adaptation is not feasible (for instance due to latency 
requirements). 

The working assumption in RAN1 regarding E-UTRA is that the UE will be equipped with 2 receive 
antennas and NodeB will be equipped with at least 2 transmit antennas [1]. Several techniques for 
OLTD are under consideration in RAN1 for 2x2 and 4x2 configurations. These include Space 
Frequency Block Coding (SFBC), Cyclic Delay Diversity (CDD), Frequency Switched Transmit 
Diversity (SFTD), and hybrid combinations (such as SFBC-FSTD and SFBC-CDD for more than 2 
transmit antennas) [2]. 

In this submission, we discuss OLTD techniques for downlink data and control channels whereby 
NodeB is equipped with 4 transmit antennas and UE is equipped with 2 receive antennas. Our 
simulation results indicate that for 4x2 configurations, Quasi-Orthogonal SFBC with Constellation 
Rotation yields the best performance. 

2. OLTD Schemes with 4 Transmit Antennas 

In fading channels with diversity, outage probability can be reduced by “coding” across the available 
degrees of freedom (which may include time, frequency, and space). The performance of these codes 
can be analyzed by considering two metrics – diversity gain, and coding gain [3]. Diversity gain, which 
affects the slope of the BER-SNR curve, plays an important role at high SNR. Coding gain, which 
shifts the BER-SNR curve by a constant amount, is more useful at low SNR. Hence, optimal codes 
maximize both diversity and coding gain. 

The LTE transmitter architecture (shown in Figure 1) consists of two encoders: a channel encoder that 
introduces redundancy and encodes across frequency and time, and a full rate precoder that encodes 
across space and frequency (without introducing redundancy). In this work, we evaluate the 
performance of the LTE link with various space-frequency precoders across 4 transmit antennas, 
concatenated with the Release 6 Turbo Encoder. 
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Figure 1: Transmitter Architecture 

Precoders considered in our evaluation are all full rate, and mapping of codewords to IFFT tones and 
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where rows define IFFT tone indices, columns define antenna indices, and { }s QPSK∈ . 

2.1. Quasi-Orthogonal Space Frequency Block Codes (QO-SFBC) 

With 2 transmit antennas, the optimal SFBC is the Alamouti Code, which provides the maximum 
possible spatial diversity gain of 2: 
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(2) is an orthogonal code, implying that a linear receiver will achieve Maximum Likelihood (ML) 
performance [4]. It is shown in [5] that for more than 2 transmit antennas, no orthogonal code exists for 
complex constellations. Hence, quasi-orthogonal codes have been proposed for 4 transmit antennas 
[6][7]. The ABBA code [6] is a natural extension of the Alamouti code: 
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Since the ABBA code is not fully orthogonal, its diversity gain is limited to 2 [9]. We desire a spatial 
diversity gain of 4 with 4 transmit antennas to achieve better performance. To that end, we consider 
ABBA codes with constellation rotation [8][9][10]: 
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where jc e θ=  for some rotation angle θ . Note that for 0θ = , (4) reduces to (3). It has been shown in 
[10] that for / 2 c jθ π= → = , the code in (4) achieves full spatial diversity, i.e. a diversity gain of 4, 
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provided the constellation is a square lattice. This requirement is satisfied for constellations considered 
in LTE downlink [1]. 

It should be noted that the ML receiver for QO-SFBC is a pairwise linear receiver, thereby providing 
optimum performance with reduced complexity [7]. 

2.2. Frequency Switched Transmit Diversity (FSTD) 

FSTD is an orthogonal code in the frequency domain. However, unlike QO-SFBC, the spatial diversity 
gain of FSTD is 1 since each transmit symbol s is sent on only 1 spatial channel. Instead, FSTD 
increases the frequency selectivity of the channel. The code matrix for FSTD is given by: 
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FSTD can also be combined with 2-fold SFBC (i.e. Alamouti code) to yield: 
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2.3. Cyclic Delay Diversity (CDD) 
In CDD, the OFDM symbol is cyclically delayed (or shifted) across the antenna array. For 4 transmit 
antennas, we use the following normalized delays1: 1 2 3{ 1/ 4, 1/ 2, 3 / 4}τ τ τ= = = . In the frequency 
domain, these delays correspond to a phase ramp across the IFFT tones. Hence, the code matrix for 
CDD is given by: 
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CDD can be combined with 2-fold SFBC (i.e. Alamouti Code) to yield: 
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where 1/ 2τ =  in SFBC-CDD. 

                                                 
1 Normalized Delay = absolute delay / OFDM symbol length 
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3. Simulation Results 

Parameters for simulation setup are shown in Table 1: 

Table 1: Simulation Setup Parameters 

Channel Encoder Release 6 Turbo Encoder 

Coding Rate 2/3 or 4/5 

HARQ No 

QAM Constellation QPSK 

FFT size 512 points (in 5 MHz) 

TTI 2ms (28 OFDM symbols) 

Channel Model 4x2 MIMO, Pedestrian 
speed 

Number of Transmit Antennas (at Node B) 4 (with separation 4 λ) 

Number of Receive Antennas (at UE) 2 (with separation 0.5 λ) 

Receiver Type Maximum Likelihood 

For QO-SFBC codes, we investigated the impact of the rotation angle θ  on BER performance. We 
simulated three values: { }/ 2, / 3, / 4θ π π π= . Simulation results are shown in Figure 2. 

We observe that the best performance for QO-SFBC is obtained for / 2θ π= . This is consistent with 
analytical results in [9] which show that with constellation rotation of / 2π , a full spatial diversity gain 
of 4 is achieved. Since the diversity gain for QO-SFBC without constellation rotation is 2, the 
performance difference between QO-SFBC and QO-SFBC-pi/2 can be appreciated from Figure 3. 

We evaluated the performance of FSTD, SFBC-FSTD, CDD, and SFBC-CDD against that of QO-
STBC-pi/2. Simulation results are shown in Figure 4 for R=2/3 and in Figure 5 for R=4/5. 

As can be seen from Figure 4 and Figure 5, QO-STBC-pi/2 offers the best performance, which is 
consistent with the fact that it is the only code with spatial diversity order 4. The other codes in Figure 
4 and Figure 5 are not full diversity codes. Since, SFBC-FSTD is an orthogonal code, it performs better 
than SFBC-CDD. However, CDD slightly outperforms FSTD since CDD is more effective at 
introducing frequency selectivity in the channel than FSTD, thus improving the channel decoder 
performance. 

Conclusions 

We’ve compared the BER performance of several open loop transmit diversity codes with 4 transmit 
antennas at Node B and 2 receive antennas at the UE. These include QO-SFBC with and without 
constellation rotation, FSTD with and without SFBC, and CDD with and without SFBC. Among all 
these code, the only code with full spatial diversity (i.e. diversity order 4) is QO-SFBC with / 2π  
constellation rotation. Our simulation results confirm that QO-SFBC-pi/2 outperforms all other 
diversity codes. Hence, we recommend the use of QO-SFBC-pi/2 codes for 4 transmit antennas at 
Node B. 
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Figure 2: Impact of Constellation Rotation Parameter on QO-SFBC performance. R=2/3 
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Figure 3: Comparison between QO-SFBC with and without pi/2 constellation rotation. R=2/3 
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Figure 4: Performance comparison among various Tx Diversity Coding schemes. R=2/3 
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Figure 5: Performance comparison among various Tx Diversity Coding schemes. R=4/5 
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