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ABSTRACT

In this paper, we combine the Hybrid-Automatic Repeat reQuest (HARQ) algorithm with joint Tx and Rx
antenna selection based on the reliability of the individual antennas links. The cyclic redundancy check (CRC) is
applied on the data before being encoded using the Turbo encoder. In the receiver the CRC is used to detect
errors of each antenna stream and to decide whether a retransmission is requited or not. The receiver feeds back
the transmitter with the Tx antennas ordering and the acknowledgement of each antenna (ACK or NACK). If the
number of ACK antennas is higher than the NACK antennas, then the retransmission takes place from the ACK
antennas using the Chase Combining (CC). If the number of the NACK antennas is higher than the ACK
antennas then the ACK antennas are used to retransmit the data streams using the CC algorithm and additional
NACK antennas are used to retransmit the remaining streams using Incremental Redundancy (IR, i.e. the encoder
rate is reduced). Furthermore, the HARQ is used with the I-BLAST (lterative-BLAST) which grantees a high

transmission rate
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¥ 1. F2 A= U ¥422| I, PDP, AS ¥l
Table 1. Sub-paths to mid-paths assign PDP and angle
spread.

Mid 3 Mid-path Config. 4 Mid-path Config.
id-
Asif Asi/
path . "
Pwr. | Sub-paths Asn Pwr. | Sub-paths Asn
1,2,345, 1,23,
1 {10720 6781920 0.9865 | 6/20 4,192 1.2471
9,10,11,12, 56,7,
2 6{20 17,18 1.0056 | 6{20 8,17.18 0.9145
9,10,
3| 420 | 13,14,15,16 [ 1.0247 4/20 15.16 0.8891
1,12,
4 4/20 13.14 0.7887
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I 2. Tapped-delay line parameters.
Table 2. Tapped-delay line parameters.
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Fig. 1. Description of spatial channel model based on
ray-tracing method.
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’ 7| €247 00628 7154 casy 0 02047
4| 4R 04015 5.1336 10387 ~.2973 0.6623
HIEEEE 13820 90516 27300 50140 D.5066
6| 201598 25280 125013 35977 5.3306 09237
Resulring total DS (s} 7231 0831 0254
Path AS at BS, 1S (deg) 233 R 538
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Fig. 2. Channel link for antenna in the 4 x2 MIMO
system.

DL Cross Cormelationbetweanhll & hél
f
E 0.9 * ——
ae '—:___%“
0.7 —
z 08 LS ———
0.
B 0.4 ~—
0.8 QBN O 1)
Bo2 H—a ——a
0.1 H—e—ten
a
1 10 80
Anguler Spread

22 3. #5742 {219t angle spreadol] whE hil
3} ha19] A AT,

Fig. 3. Channel correlation between hll and hdl
according to Tx/Rx antenna distance and angle spread.
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Table 3. Simulation parameters.

Parameter Value
Carrier Frequency 2 GHz
Bandwidth of Operation 20 MHz
Sampling Frequency 30.72 MHz
FFT Size 2048
Sub-carrier Spacing 15 kHz
Sub-frame Duration 0.5 ms
Cyclic Prefix 146
Modulation QPSK
OFDM Symbol per Sub-frame 7
MS Speed 120 km/h
MIMO Fading Channel Model Sub-urban Macro
Antenna Configuration 4 x4
Tx/Rx Antenna Distance 0.5\, 4\, 10A
Angle Spread 10°, 30°, 60°
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22 4. Uzt #2)9} ASell WE 4 x 4 QPSK BER A%
Fig. 4. 4 x 4 QPSK BER performance according to
antenna distance and angle spread.
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Fig. 8. Tree search of the sphere decoding algorithm.
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Fig. 9. Pilot assignment method per antenna (Typel).
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Fig. 10. Pilot assignment method per antenna (Type 2).
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Fig. 15. Transmitter and Receiver side flow chart of proposed HARQ switching algorithm.
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Table 4. Simulation parameters.
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glok Al (39)&= Improved MAX-Log-MAP %3®)
2ol $Aor}. 1

i
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aL
H
2
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L
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9.1.4 Simplified-Log-MAP &32|&

Simplified Log-MAP-2 7|& Log-MAP %12
29 e s EARE UE daEEe
2 A|$ Aire] B3 Correction Term fc & P4
3 A" simplified  Log-MAPS  Constant
Approximation, Linear Approximation, Differential
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Approximation - 37}11 ?*é =, 7129 Log-MAP
g Sl R
= A 54314.

(1) Al 2218} (Constant Approximation)
A ZABRE Correction Term 2} (34)2] fe&
/‘.4:1‘ Fho2 AR whdelw, Al 40)F 2ok

a, [xlsb

0, else (40)

f;an:t (x) = {

Al @0yl &% (a,b)E (0.3752)%=
d o P 2 Aded viehich
(2) A8 24138} (Linear Approximation)
A7 ZAske A (34)9) Correction Term feZ
A @NE A7) el

= (0.5,1.5)

Siog-1n(x) = max(log2 - |x| /4,0) 41)

(3) A5 2418 (Differential Approximation)
A% AR Al34)9] Correction Term feZ
2l (42)2 A7 vhgelct

2
S=2%2
. log2
S (x)= PRT) 42)

9.2, 29| 4y &z}
B 5. R AY #74

Table 5. Simulation parameters.

Parameter Value
Carrier Frequency 2 GHz
Bandwidth of Operation 20 MHz
FFT Size 2048
Cyclic Prefix 4.75 ~ 479 us
Sub-frame Duration 0.5 ms
OFDM Symbol per 7
Sub-frame
Modulation 16QAM
MS Speed 60 km/h

AWGN & SCME

Channel Model Sub-urban Macro

Code Rate 1/2, 2/3

Max-Log-MAP, Improved

MAP Algorithm Max-Log-MAP, Simplified
Log-MAP
Antenna Configuration 1x1
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Fig. 25. 1/2 16QAM Coded BER performance according
to scaling factor in AWGN.
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Fig. 26. 12 16QAM simplified Log-MAP coded BER
performance according to approximation schemes under
SCME sub-urban.
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