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1. Introduction

Multi-antenna transmission has been included in the TR 25.814[1]. In the past RAN1 meetings, several
multiple antenna schemes have been introduced such as beam-forming, spatial multiplexing (SM) and space-
time transmit diversity (STTD). Among them, SM and STTD (i.e., the diversity mode) can increase the data
rate and system reliability, respectively. Therefore, a transition procedure is needed to switch between the
diversity mode and spatial multiplexing mode according to a system and/or a channel environment in order
to utilize the radio resource of MIMO systems.

In this contribution, we introduce full diversity full rate space-time code (FDFR-STC) that can achieve full
rate and full diversity simultaneously under an open-loop MIMO environment. This scheme is specified as
space-time code, which may also be used as a space-frequency code or as a hybrid. By using FDFR-STCs,
we can easily obtain high data rate and high reliability at the same time without a transition procedure. Thus,
FDFR-STC can also be considered as a candidate of open loop MIMO schemes.

2. FDFR Space-Time Codes

In a rich-scattering environment, SM increases the data rate through parallel transmission over
independent spatial channels [2], while space-time coding improves the system reliability by exploiting the
spatial diversity [3]. So far, various MIMO processing schemes have been proposed for achieving the
multiplexing gain, the diversity gain, or both. Recently, it has been established the optimum tradeoff between
two types of gain [4]. The optimum tradeoff should be achieved in order to utilize fully the radio resource of
MIMO systems.

Recently, several STCs that are linear in space and time, the linear dispersion space time codes (LD-STCs)
have been proposed to achieve the optimum tradeoff (FDFR). Such codes are generated through a linear
combination of dispersion matrices. By using the matrices, most of STC can be expressed such as STTD and
DSTTD. General LD-STC matrix S in which Q data symbols are transmitted can be expressed as follows

Q
S=> s5,M,.
q=1

where, so(=a, +j ;) and M denote g-th transmit data symbol and dispersion matrix of g-th data symbol,

respectively. In addition, the signal in i-th row j-th column of S is transmitted i-th time slot through j-th
antenna.



We can express further general LD-STC structure in which real part (¢, ) and imaginary part ( ﬁq) of sqare
dispersed by different dispersion matrices as follows.

Q

S:Z(anq + jﬂqu)’

g=1

where, A,and B, respectively denote dispersion matrices of &, and /. Then, we can express the received
vector Y as follows.
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where, # and n, respectively denote equivalent channel matrix and noise of k-th receive antenna. In the
above equation, the equivalent channel matrix " can be expressed as follows
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where, h, and h, = denote real part and imaginary parts of channel response vector from n-th receive

antenna. By optimizing dispersion matrices A and B, full diversity and full rate STC with maximum coding
gain can be obtained.

3. Examples of FDFR Space-Time Codes for 2Tx and 4Tx

Common Link-level Simulation Environment:

Parameter

Assumption

System

Single carrier

Channel Models

Uncorrelate flat Rayleigh fading (quasi-static in a frame)

Modulation scheme

4-QAM

Channel Code (Turbo)

Code rate (R) : 1/2 and 3/4Component decoder : max-log-MAP
Frame length : 1024

Antenna configuration

v’ 2 transmitter, 2 receiver => [2Tx, 2RxX]
v’ 4 transmitter, 2 receiver => [4TX, 2RxX]

Spatial correlation (Tx, Rx)

(0%, 0%)

MIMO detector

Maximum-likelihood




STC for 2Tx-Rate 2:

S 1 [ S, +IS,+S,+TIS, —S, — IS, +S, +T8, j
2x2 = ;

JAA+r2)\ s+ JS, +18; -8, —[rs; + |s, —IS; +5,

where, s,,q=1,..,4 and r = (\/gil)/Z denote complex variable and a positive real number for unequal
gain combining, respectively. The matrix S, , provides full diversity gain (i.e., diversity order 4) with Rate
2. However, decoding complexity of S, , is little higher as compared with SM. The code has been designed
so that the pairwise error probability between codewords could be minimized in order to maximize the
coding gain. Fig. 1 shows the frame error rate performance of the S, , code.
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Fig. 1 Frame error rate performance of the S, , code and spatial multiplexing (SM).

In Fig. 1, the S, , performs greatly better than SM under a high coding rate with same spatial multiplexing
rate. However, when using low-rate turbo code, the performance of the SM is slightly better than S, , at
low SNR range since turbo code can obtain residual spatial diversity of SM by using its powerful decoding
ability. Thus, when employing high-rate turbo code in order to provide high throughput, we can use FDFR
STC to obtain better performance as compared with SM.

STC for 4Tx-Rate 2:
s, +S, —S +8,
1]s —s, S +S,
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S4><2 =



where, S| =1,..,4 denotes complex variable. The matrix S, , provides diversity order 4 with Rate 2 and
it has been designed so that the pairwise error probability between codewords could be minimized in order to
maximize the coding gain. However, decoding complexity of S, , is little higher as compared with SM in
which antenna hopping scheme is employed in order to exploit diversity. Fig. 2 shows the bit error rate
performance of the S, , code.
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Fig. 2 Frame error rate performance of the S, , code and spatial multiplexing (SM).

In Fig. 2, we can easily see that the S, , performs greatly better than SM under all channel coding rate
considered.

4. Conclusions

In this contribution, we introduced FDFR-STCs and provided examples of FDFR-STCs for 2Tx and 4Tx
as MIMO transmission schemes for E-UTRA. In the link-level simulation results, the proposed FDFR-STCs
can improve greatly the system performance as compared with SM at the same spatial multiplexing rate,
especially when the high-rate turbo code is employed. Therefore, FDFR-STC should be one of candidates for
open loop MIMO transmission schemes.
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