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1. Introduction

Lucent proposed the multi-input multi-output (MIMO) scheme for high-speed downlink packet access (HSDPA) in [1-3] for 2, 4 transmit antennas and 2 or more receive antennas. However, for systems with two transmit antennas, it has been demonstrated by Fujitsu and Texas Instruments in [4] and [5,6], respectively, that Release 99 space-time transmit diversity (STTD) outperforms Lucent’s MIMO. For systems with four transmit antennas, Texas Instruments has proposed the double-STTD (DSTTD) scheme as the preferred open-loop scheme with 4 transmit antennas, which has been demonstrated to outperform Lucent’s MIMO. Contribution [5,6], however, does not address the open-loop schemes for systems with only 1 receive antenna. Thus far, the only (4,1) scheme proposed for HSDPA is closed-loop transmit adaptive array scheme in [4]. No open-loop scheme has been evaluated for (4,1) application.

In this contribution, we propose the use of an open-loop scheme using 4 transmit antennas for HSDPA with peak data rate of 10.8 Mbps. The scheme is a hybrid between STTD and orthogonal transmit diversity (OTD), which is termed STTD-OTD (orthogonal) block coding scheme. This scheme has been proposed before by Motorola in [7] for R99 application. Simulation results for (4,1) and (4,2) scenarios are given in this contribution. This scheme has the following good properties:

1. Achieves up to 4 diversity levels when combined with channel coding. 

2. Simple transmitter structure. In addition, its inherent orthogonality results in a simple receiver structure.

3. Robustness against channel correlation. 

This proposal was presented in Tdoc 20(01)-0578 for the previous WG1 meeting assuming random channel interleaver in the simulations. In this contribution, 3GPP-defined interleaver is used instead of random interleaver. We find that there is no difference in performance between 3GPP and random interleavers.  

2. STTD-OTD scheme

The transmitter structure for STTD-OTD scheme is depicted in Figure 1. The data stream coming from the modulator is encoded to be transmitted via 4 antennas according to the following rule:
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where the normalization factor ½ is needed to maintain the same transmitted power. Then, multicode spreading is applied to each of the resulting 4 streams after block encoding, where each stream uses the same set of spreading codes. Note that the signal transmitted via all antennas are orthogonal. The same holds for antenna 3 and 4. At the receiver, the signal at each receive antenna is despread. The signal from all receive antennas after despreading are coherently combined using a simple block decoding rule by exploiting the orthogonality demonstrated in (1). To achieve the maximum performance of STTD-OTD, the channel interleaver can be optimized to achieve maximum diversity gain after decoding. In this contribution, however, we use 3GPP-defined interleavers in the simulation.


                                                                  
                                                                                           

                                                                                                                            
Figure 1. Transmitter structure for STTD-OTD scheme with 4 transmit antennas.

3.   Simulation Results

We consider the schemes shown in Table 1 for total data rate of 10.8 Mbps (spectral efficiency 4.5 bps/Hz). Here, M and N denote the number of transmit and receive antennas, respectively. Frame-error rate (FER) vs. Ior/Ioc is used as performance measure. Additional assumptions and simulation parameters are shown in Table 2. For fair comparison among different schemes, the energy per information bit and the total transmit power are held constant. The results for STTD and DSTTD are shown for comparison. For DSTTD, we apply asymmetric modulation and (optimal) antenna shuffling proposed in [6] (shuffling is only applied in channel B)

Table 1. Schemes considered in this contribution. Data rate = 10.8 Mbps.

(M,N)
Scheme
Code rate
Modulation

(2,1)
STTD
3/4
64QAM

(2,2)
STTD
3/4
64QAM

(4,1)
STTD-OTD
3/4
64QAM

(4,2)
STTD-OTD
3/4
64QAM

(4,2)
DSTTD
3/4
Asymmetric QPSK-16QAM

Table 2. Simulation parameters.
Carrier frequency
2 GHz

Chip rate
3.84 Mcps

Spreading factor
32

Number of multi-codes
20

Frame length
0.667 ms (1-TS) 

Channel interleaver
3GPP

Ec / Ior
80 %

Channel coding / decoding 
Turbo coding per 3GPP, R=3/4. 

Max-Log-Map decoding (8 iterations)

Fading model
1 path Rayleigh, 3kmph

Correlation model
IID and Channel B [3]

Channel estimation
Perfect Channel Estimation (PCE)

The performance of STTD-OTD schemes for (4,1) and (4,2) scenarios in IID channel and channel B model are depicted in Figures 3 and 4, respectively. The results for (2,1) STTD, (2,2) STTD, and (4,2) DSTTD are shown for comparison. In every scenario, STTD-OTD is superior to STTD (due to additional diversity gain) and DSTTD (due to the absence of interference). 

Note that although the comparison with STTD seems to be unfair, it is intended to evaluate the performance of STTD-OTD relative to STTD in correlated channels. For a system with 4 transmit antennas in a heavily correlated channel, one may choose to transmit with only 2 antennas (using STTD), which result in minimal correlation. Obviously, this does not affect the performance in IID channel. In Figure 3, we compare the performance of (4,N) STTD-OTD to (2,N) STTD obtained from a (4,N) system by transmit antenna selection in channel B. Observe that the performance of the two schemes are close. Note that in order to use STTD with transmit antenna selection, the transmitter needs to know the channel correlation profile. To achieve the same performance, no additional effort is needed for STTD-OTD.  

In light of the results, we conclude that STTD-OTD is the preferred open-loop scheme for (4,1) and (4,2) systems with peak data rate of 10.8 Mbps. A complexity calculation similar to Tdoc R1-01-0701 can be done for STTD-OTD. 

For STTD-OTD, in a flat fading channel the receiver employs one complex add operation for OTD decoding and 2 complex multiply and accumulate (MAC) operations per symbol for STTD decoding, per receive antenna. Assuming 4 real operations/MAC and 2 real operations/complex addition this implies a total of 10 real operations. Assuming that the hard decision for 16 QAM symbol requires 10 real operations, for 2 transmit, 1 receive antenna achieving 10.8 Mbps the STTD-OTD decoding requires (20*120e3*20) = 48 Mops/sec. Similarly, with 2 receive antennas the STTD decoding requires ((2*10+10)*120e3*20 = 72 Mops/sec. 

A summary of the results including the complexity comparison is given in Table 3.

Table 3. Performance and complexity comparison of 10.8 Mbps. 

(M,N)
Scheme
Required Ior/Ioc (dB), target FER = 1%
Complexity: M real operations/sec



IID channel
Channel B


(2,1)
STTD from (4,1) with TxA selection
25.5
25.5
43

(4,1)
STTD-OTD
23.5
25.3
48

(2,2)
STTD from (4,2) with TxA selection
18.0
19.0
64

(4,2)
STTD-OTD
16.5
18.5
72

(4,2)
DSTTD (asymmetric and shuffling)
18.5
23.0
216

4.  Conclusion
In this contribution, we have proposed STTD-OTD scheme as the open-loop scheme for (4,1) and (4,2) scenarios with peak data rate of 10.8 Mbps. We have demonstrated via simulations that STTD-OTD is a simple yet efficient open-loop transmit diversity scheme for 10.8 Mbps data rate. When higher peak data rate (greater than 10.8 Mbps, up to 21.6 Mbps) is desired for (4,2) systems, DSTTD can be used [5,6]. The summary of our proposal based upon [5,6] and based upon this contribution is given in Table 4.

Table 4. The proposed schemes in this contribution.

( M,N )
Scheme


Data rate up to 10.8 Mbps
Data rate > 10.8 Mbps

(2,1)
STTD (R99)
N/A

(2,2)
STTD (R99)
N/A

(2,4)
STTD (R99)
N/A

(4,1)
STTD-OTD
N/A

(4,2)
STTD-OTD
DSTTD

(4,4)
DSTTD
DSTTD

A pictorial view of the comparison of the different transmit diversity techniques for the different number of transmit and receive antennas is given in Figure 2.


Figure 2: The proposed transmit diversity techniques for the different transmit and receive antenna combinations is shown. The comparison of the different schemes while achieving different data rates and the required Ior/Ioc is shown. The Ior/Ioc numbers correspond to Tables 3 - 7 in Tdoc R1-01-701.
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Figure 3.  (4,N) STTD-OTD in IID channel.
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Figure 4.  (4,N) STTD-OTD in channel B.
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