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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 required 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 (Iterative-BLAST) which grantees a high

transmission rate
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Table 1. Sub-paths to mid-paths assign PDP and angle
spread.
Mid 3 Mid-path Config. 4 Mid-path Config.
id-
Asi/ Asi/
ath - .
p Pwr. | Sub-paths Asn Pwr. | Sub-paths Asn
12,345, 1,2,3,
1 10/20 6.7.8.19.20 0.9865 | 6/20 41920 1.2471
9,10,11,12, 5,6,7,
2 6/20 17.18 1.0056 | 6/20 8.17.18 0.9145
9,10,
3 4/20 | 13,14,15,16 | 1.0247 | 4/20 15.16 0.8891
11,12,
4 4/20 1314 0.7887
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Fig. 1. Description of spatial channel model based on

ray-tracing method.
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¥ 2. Tapped-delay line parameters.

Table 2. Tapped-delay line parameters.

Seenario Suburban Maero Urban Maero Urban Miero

Powar-delay paramesters 1 a 0 ¥ ¥ 0 a

Eill?iafz th power (dE) / 1| 2882 0.1408 22204 0.3600 -1.2661 0.2840

R 3 -6.2147 0.0626 -1.7184 0.2527 -2.7201 02047

4 -10.4132 0.4015 -5.1896 10387 42973 06623
5 -16.4735 1.3820 00516 2.7300 -5.0140 0.8046
8 -22.1898 28230 -12.5013 43977 -B.4306 09227

Rewulting total DS (uz) 1231 0.841 0254

Dath AS at BS, MS (deg) 2.35 2.35 5,35

Anpular parameters 1 -1013376 657489 B1.9720 76.4750 -1272788 0.6966 6.6100

ig*; ::ZE 2 1008629 | 43.6454 80.5354 J1LE704 | -1299678 | -13.2268 14.1360

T 3 -1109587 1431863 96210 -14.5707 -136 8071 145 0659 508297

4 -11298%8 32.5131 986319 17.708%9 -96.2155 -30.5485 383972
5 -115.5088 -91.0551 102 1308 1676567 -159.59¢9 -11.4412 6.6690
8 -118.0681 -19 1657 107.0643 1390774 173.1860 -1.0587 402849

Eesulting total AS at BS.MS (deg) 470, 6478 787,6235 15.76, 62.19 18.21, 67.80
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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\, 4A, 10A
Angle Spread 10°, 30°, 60°
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Fig. 8. Tree search of the sphere decoding algorithm.
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.P!Inl for Antenna 1
.Pﬂol tor Anlenna 2
.F'“OI tor Antenng 3
DHIUI for Antenna 4

Sub-frame
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T2 9. QlEbE el 3 vy (Type 1).
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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.Pllm far Amenna 1
.Pilm far Ardenna
.F'l|01 far Artenna 3
DPilm far Amtenna 4

Sub-frame
[7-Symbsals)

a2l 11, qreppE sfdE S by (Type 3).
Fig. 11. Pilot assignment method per antenna (Type 3).
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Fig. 12. Pilot assignment method per antenna (Type 4).
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Controller (Antenna Scheduling, Rate Control) Feedback

32l 13. -BLAST 7[HFe] gy 2AE3E&
HARQ 2913 A2dle] $41et 72,

Fig. 13. Transmitter of HARQ switching system with
antenna scheduling based on I-BLAST.
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Fig. 14. Receiver of HARQ switching system with antenna scheduling based on I-BLAST.
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Fig. 15. Transmitter and Receiver side flow chart of p posed HARQ switching algorithm.
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Table 4. Simulation parameters.

Parameter Value
Carrier Frequency 2 GHz
Bandwidth of Operation 20 MHz
FFT Size 2048
Sub-carrier Spacing 15 kHz
Sub-frame Duration 0.5 ms
Cyclic Prefix 146
Modulation QPSK, 16 QAM
OFDM Symbol per Sub-frame 7
MS Speed 120 km/h
SCM-E

MIMO Fading Channel Model Sub-urban Macro

Antenna Configuration 4 x4
MIMO Detection Sphere Decoding
Tx/Rx Antenna Distance 10A, 0.5A
Channel Coding Turbo Coding
Turbo Decoding Algorithm Simplified Log-MAP
Retransmission Scheme CC, IR
Mother Code Rate 2/3
IR Code Rate 3/5, 8/15, 1/2, 2/5
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Fig. 16. 4 x 4 I-BLAST uncoded BER performance curve

according to iteration number.
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Fig. 17. 4 x 4 I-BLAST 16QAM coded BER performance
using pilot pattern of type 3.
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Fig. 18. 4 x 4 I-BLAST 16QAM PER performance curve.
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Fig. 19. 4 x 4 I-BLAST 16QAM coded BER
performance curve according to MIMO detection schemes.
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Coded BER
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33 22, FHAl <k 7S 483 4 x 4 TBLAST
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Fig. 22. 4 x 4 I-BLAST 16QAM BER performance
curve applying to Tx/Rx antenna selection schemes.
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Fig. 23. 4 x 4 I-BLAST 16QAM coded BER performance

of HARQ switching based on antenna scheduling.
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Viterbi Algorithm), MAP (Maximum A Posteriori),
Log-MAP, MAX-Log-MAP (Maximum Log-MAP)
o] owe]Zo] 9jk. SOVA daE|&Ee 7&
Vitebi &2]%2] branch EZS Allglel] 9le]
#], Hamming 2|7} e}d Euclidean A& AM-
st Antsta, Agd & EHshA ®rh. MAP
dae]E2 AR FES HdE sk whew vt
A el F2 R A w3 7P Erh oA,

MAP2] BALEE Fo]7] 23l Logarithm Domain®l]

o] AR gJrk & AelA= Log-MAPH 72|
AR A%S EhfiAE BAE s Z9) Simplified
Log-MAP ¢172]Z5} Log-MAP UE|Se] 77ks-
468 Hol:= Improved Max-Log-MAP UvE|ES
98}, SCM-E Sub-urban, AWGN 37ellA] =
ol AL 5 As AS5E Tk

"o =

>

9.1.1 Log-MAP «m2|&
Al (34)& Log-MAP &a2|&e] 448 vjehiich

S(x,,x,) =log(e™ +e)

= max(x,,x,)+log(1+ et 42\) (34)

= max(x,,x,) + f.(x, — x,|)

9.1.2 MAX-Log-MAP &12|&

2] (34)2] Log-MAP 772]Z-S- Jacobian Logarithm
< A3 max SRS wElRl daE|ge] A (35)

~ 2] (38)9] MAX-Log-MAP %we]Zo]c),

L(u,)

L(w)==

_(yl: +Lfn(uk )) (35)

L(u,) = max(a, () +7,(s,5)+ B.(5))

—max((@, (s)+7,(s,9)+ B,(s) (36)
V(s ,8) = x, (L, + )+ x! - y! 37

%, (s) = max(a,_, (s)+7.(s,5)

By (s) :r‘l;.leargi(ﬂk,](sv)—F}/k(S',S)) (38)

Al 35)~ A (38)ellA] L.(w)= A WA MAP
tlZoiel F WA MAP tFH Alolol] wElEe
Information®]™, ()= Extrinsic Information®-24]
t]Fr]9] Iteration A4 ThE- Iterations 393}
7] $18+ Priori Information®.2 A= Flo|th
B AZ¢ Forward Metric, Backward Metric,
Branch Metric & ERIH, 227 ZHplE Ho|
s —soll tisle] BlH. $-531719] Systematic®} Redundancy
ofd, 'y = Al Aok

9.1.83 Improved-MAX-Log-MAP &I2|&

MAX-Log-MAP 172|552 4] (34)¢ll4] Correction
Termelg} &l f(x-n)3e waslA] 7] w&
o, Log-MAP &ae|&el| nlsle] Ago] 43} =l
t}. Correction Term®] £AZ Qls] WA= A
#3815 Extrinsic Informationel] 237438k ALZkS 3
sFoZH Log-MAP?| Aol Al =g
itk A (39)% Improved MAX-Log-MAP &372]
Z9| Ao}, 19

L) =2y g

9.1.4 Simplified-Log-MAP &12|&

Simplified Log-MAP-> 7|& Log-MAP ¢xz]
Fo] Ass Bk FAES U daElse
2 A4 Axke] BLR3EF Correction Term feg e
3t A" Simplified Log-MAPS  Constant
Approximation, Linear Approximation, Differential
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Approximation 5- 37X % 743 =™, 7]E2] Log-MAP
dE]Eel frakdh AAss ZANL AR Bat

w8 Ui Hgick

1) A4 A1} (Constant Approximation)
A4 ZAB= Correction Term 2] (34)9] fes
Al o2 AR BielH, 4] (40)7} 2l

~

0w a, ‘x‘sb
xX)=
0, else (40)

A @0)ellA 4% (a,b)E (0.3752)%EE (0.5,1.5)
o of 713
(2) A3 A3} (Linear Approximation)

A A= Al (34)9] Correction Term fe&
A @DE AR 7] vhe]ct.

Frogoiin(x) = max(log 2 —|x|/ 4,0) (41)

(3) *Fs A3} (Differential Approximation)
25 ZARE A(34)2] Correction Term fos
Al (422 A7 whe]ct.

oy log2
f(x)= W
v log2
S =0 42)

9.2. =2o| A ZAnt

I 5. we| AY A
Table 5. Simulation parameters.

Parameter Value
Carrier Frequency 2 GHz
Bandwidth of Operation 20 MHz
FFT Size 2048
Cyclic Prefix 475 ~ 4.79 us
Sub-frame Duration 0.5 ms
OFDM Symbol per -
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
Max-Log-MAP, Simplified
Log-MAP

MAP Algorithm

Antenna Configuration 1 x 1
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Mo Sealing 4
—&~ Scaling Factor: 0.8 |]
H Scaling Factor: 0.7 ]
¢ | = Scaling Factor: 0.8
Scaling Factor: 0.8

—&- Sealing Factor:0.5 3
+] —+ Scaling Factor:0.4 [
-&- Sealing Factor:0.3 |]

Coded BER

SNR
08| 25. Scaling Factorel] w2 1/2 16QAM Coded BER A5
Fig. 25. 1/2 16QAM Coded BER performance according
to scaling factor in AWGN.

=1
I

% Constant Appmxwmatmn
—£— Linear Approximation
-{ = Differential Approximation

Coded BER

0 2 4 B 8 10 12 14 18
SMR

% 26. SCME sub-urban #7304 ZAE wige] ojE
1/2 16QAM simplified Log-MAP coded BER *d5.

Fig. 26. 1/2 16QAM simplified Log-MAP coded BER
performance according to approximation schemes under
SCME sub-urban.

a7 25% AWGN 327oll4 Scaling Factorol]
w212 16QAM®] Coded BER A% —1#jzo]c}.
I3 2504 #Z9] Scaling Factor+ 0.7:=% 0.8
o]ck

% 26+ Simplified Log-MAP®] A= A}
A¥ 248}, Abs Akl ti’dE 16QAM Coded
BER A5 zEze|vh. Aed 2bs 2Aks), Ad
2B A 2R $eoln, B E=RoxE A3
A3 v-S- 283k Simplified Log-MAP-S E{X.
vy daelEer ARl

a5 272 MAP a5 7ke] A ezelrt.
dwelEe] A5 MAX-Log-MAP, Improved
MAX-Log-MAP, Simplified Log-MAP <=o|t}.
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SHR

2! 27. Sub-urban macroZF3olld] MAP darg]|Zl] ulE
16QAM coded BER 4d-5.

Fig.
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(1]
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27. 16QAM Coded BER performance according to
algorithms in sub-urban macro.
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