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Performance Comparison of Hybrid-ARQ Schemes – Additional Results

Introduction

Automatic-Repeat-Request (ARQ) schemes are used in packet data communication system.  The term “Hybrid ARQ” can be used to describe any combined FEC+ARQ scheme in which unsuccessful attempts are used in FEC decoding instead of being discarded.  Chase combining (also called H-ARQ-type-III with one redundancy version) involves the retransmission by the transmitter of the same coded data packet. The decoder at the receiver combines these multiple copies of the transmitted packet.  Another form of “Hybrid ARQ” is called incremental redundancy (IR).  In this scheme, instead of sending simple repeats of the coded data packet, progressive parity packets are sent in each subsequent transmission of the packet.  The decoder then combines all the transmissions and decodes the packet at a lower code rate.  The IR schemes can be broadly classified under two categories, a) partial IR where each re-transmission is self decodable (H-ARQ-type-III) and b) full IR where each transmission is not self decodable (H-ARQ-type-II).  In [1] the throughput performance of Chase combining and partial IR were compared using link simulations.  In [2] the performance gains of full IR over Chase combining for higher order modulation in a static channel were shown.  In this contribution, the three hybrid ARQ methods namely Chase combining, Partial IR and Full IR are compared under static and fading channels for three different modulation and coding schemes.

H-ARQ with Full IR (H-ARQ-Type-II)

The implementation technique for Chase combining and partial IR were described in [1].  In this contribution the full IR is implemented for the MCS levels shown in Table 1 and compared with Chase and partial IR schemes.

Table 1. MCS Level for Method-2

MCS
Modulation
Turbo Code Rate

7
64 QAM
3/4

6
16 QAM
3/4

3
QPSK
3/4

The turbo codes used in the hybrid ARQ system consists of a parallel concatenation of two R=1/3 systematic and recursive convolutional encoders as shown in Figure 1. The overall code rate of the turbo code entering the puncturing circuit is 1/6.  For each input stream, six output streams are formed: the input stream x itself, two parity streams produced by the first convolutional code y1 and y2 interleaved input stream x’ and the second parity streams z2 and z3 produced by the second convolutional code.  The puncturing block after the encoder is used to form (for example) R=3/4, R=2/3 and R=1/2 codes by puncturing the parity bits.  As an example, for R=1/2 codes alternate parity bits are sent over the channel (x, y1, x, z2, x, y1,…).  In case of full IR using R=3/4 code the following algorithm was implemented in the simulator:

· In case of first transmission, the following set of coded bits are transmitted for every six information bits, : P1={xA, xB, xC, y1C, xD, xE, xF, z1F} 
· .

· In case of second transmission (first re-transmission), the following set of parity bits are transmitted: P2={y1A, y2A, z1C, z2C, y2D, y1E, z1F, z2F} 
· .

· For the third transmission, a different set of parity bits are transmitted: P3={z1A, z2B, y1C, y2C, z2D, z1E, y1F, y2F}
· .  

· The sequence is then repeated.

· The very first transmission is decoded as an R=3/4 code, the next transmission is decoded as an R=3/8 code, and the third transmission is decoded as a R=1/4 code.  Subsequent retransmissions are decoded as a R=1/4 code, where the bits in each subsequent retransmission are added symbol-wise to the corresponding stored bits.

The puncturing patterns P1, P2, and P3 can be represented as the following three matrices.  The multiplexing rule is to multiplex first by column, left to right. Within a column, read out top to bottom.
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Figure 2 to Figure 6 to compares the performance of Chase combining, Partial IR and Full IR with three MCS levels using R=3/4 code and at various values of vehicle speeds.  The following conclusions are drawn from the figures:

1. For QPSK, full IR benefits over Chase are not significant in the region of interest.

2. For higher order modulation (MCS-6 and MCS-7), the full IR provides more than 1dB gain in Ior/Ioc in a fading channel.  However, the gain occurs in a region where a lower MCS may have been selected.

3. The decoder and signaling complexity of the full IR scheme over Chase combining needs to be evaluated, and weighed against the likelihood of the MCS selection process degrading to the point where a significant overall throughput gain is seen for the full IR.
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Figure 1. Block Diagram of a Turbo Encoder
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Figure 2. 0 Kmph QPSK
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Figure 3. 0 Kmph 16/64-QAM

[image: image8.wmf]3Kmph 2GHz 1-path Rayleigh Ec/Ior=-1dB

0.3

0.5

0.7

0.9

1.1

1.3

1.5

-11

-9

-7

-5

-3

-1

1

3

5

7

9

Ior/Ioc (dB)

Spectral Eff.

QPSK R=3/4 Chase

QPSK R=3/4 IR

QPSK R=3/4 Full IR


Figure 4. 3 Kmph QPSK
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Figure 5. 3 Kmph 16/64-QAM
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Figure 6. 120 Kmph 16/64-QAM
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1.465989

1.4776875

1.4867685



res

		Type 2 Method 1								Chase						Full IR

		MCS2		Spec Eff		1

		*0mph

		Ior/Ioc		Thruput

		-16		0.474113		0.474113				-16		0.4008911577

		-14		0.502185		0.502185				-14		0.5024767179

		-12		0.99167		0.99167				-12.5		0.8963485304

		-10		1		1				-12		0.9891486008

		-8		1		1				-11.5		0.9990968129

		-6		1		1

		*1.875mph

		Ior/Ioc     Thruput

		-6		0.893716		0.893716				-16		0.3452811144

		-4		0.932656		0.932656				-12		0.63535834

		-2		0.955932		0.955932				-8		0.8613232643

		0		0.971157		0.971157				-4		0.9456525893

		2		0.981065		0.981065				0		0.982539869

		4		0.988338		0.988338				4		0.9942294691

		6		0.993345		0.993345

		8		0.995322		0.995322

		*74.58mph

		Ior/Ioc     Thruput

		-6		0.939585		0.939585				-12		0.620536964

		-4		0.973994		0.973994				-10		0.7672407865

		-2		0.988826		0.988826				-8		0.8720132337

		0		0.996214		0.996214				-6		0.9421184687

		2		0.998602		0.998602				-4		0.9762725764

		4		0.9996		0.9996				0		0.9959127577

		6		0.9999		0.9999

		8		1		1

		MCS5		Spec Eff		2

		*0mph

		Ior/Ioc     Thruput

		-10		0.499151		0.998302				-12		0.6315831358

		-9		0.500025		1.00005				-8		1.0524239183

		-8		0.526565		1.05313				-7.4		1.5185968109

		-7		0.946432		1.892864				-7		1.8997490801

		-6.5		0.997208		1.994416				-6.8		1.9708878986

		-6		0.9998		1.9996				-6.4		1.9977272565

		-5.5		1		2

		-5		1		2

		-4		1		2

		-3		1		2

		*1.875mph

		Ior/Ioc     Thruput

		-9		0.450312		0.900624				-14		0.3304323874

		-8		0.524451		1.048902				-10		0.7701926542

		-7		0.601075		1.20215				-7		1.1601535907

		-6		0.660462		1.320924				-2		1.7535591031

		-5		0.718088		1.436176				2		1.9073584076

		-4		0.774658		1.549316				12		1.996

		-2		0.849834		1.699668

		0		0.903127		1.806254

		2		0.938427		1.876854

		4		0.959693		1.919386

		6		0.97352		1.94704

		8		0.982415		1.96483

		10		0.989022		1.978044

		*74.58mph

		Ior/Ioc     Thruput

		-10		0.345089		0.690178				-10		0.6982405803

		-5		0.667913		1.335826				-7		1.0568738598

		-4		0.734107		1.468214				-4		1.468674782

		-2		0.847745		1.69549				-2		1.6929473815

		0		0.923702		1.847404				0		1.84939056

		2		0.965997		1.931994				2		1.9218377763

		4		0.985028		1.970056				6		1.9903712222

		6		0.994827		1.989654

		8		0.997506		1.995012

		10		0.9996		1.9992

		Type 2 Method 3

		MCS3		Spec Eff		1.5

		*0mph

		Ior/Ioc     Thruput

		-14		0.353294		0.529941				-14		0.4950150359				-14		0.72

		-13.5		0.424106		0.636159				-11.8		0.7476168372				-13.5		0.75

		-13		0.485625		0.7284375				-11.2		0.750172041				-13		0.75

		-12.5		0.498206		0.747309				-10		0.9991746783				-12.5		0.75

		-12		0.499625		0.7494375				-9.7		1.2158498825				-12		0.75

		-11.5		0.49985		0.749775				-9.4		1.3897841193				-11.5		0.75

		-10.5		0.527371		0.7910565				-9		1.4798677979				-11		0.75

		-10		0.66921		1.003815				-8.7		1.4942168496				-10.5		0.79

		-9.5		0.893975		1.3409625										-10		1.005

		-8.5		0.998203		1.4973045										-9.5		1.341

		-8		0.9995		1.49925										-9		1.48

		-6		1		1.5										-8.5		1.497

		-5		1		1.5

		-4		1		1.5

		*1.875mph

		Ior/Ioc     Thruput

		-11		0.511088		0.766632				-11		0.715902039				-11		0.8

		-10		0.580111		0.8701665				-8		1.06053654				-10		0.9

		-9		0.642018		0.963027				-2		1.3971628097				-9		0.975

		-8		0.70255		1.053825				2		1.4635516945				-8		1.071

		-7		0.75778		1.13667				7		1.4917396985				-7		1.15

		-6		0.798497		1.1977455										-5		1.267

		-5		0.831704		1.247556										-3		1.35

		-4		0.867019		1.3005285

		-2		0.913902		1.370853

		0		0.94679		1.420185

		2		0.96581		1.448715

		4		0.977326		1.465989

		6		0.985125		1.4776875

		8		0.991179		1.4867685

		*74.58mph

		Ior/Ioc     Thruput

		-6		0.749064		1.123596				-17		0.2477308291				-12		0.66

		-4		0.847601		1.2714015				-11		0.6485527716				-10		0.79

		-2		0.917095		1.3756425				-8		0.9298638116				-8		0.95

		0		0.959509		1.4392635				-5		1.2129337094				-7		1.04

		2		0.982029		1.4730435				-2		1.3829922971				-5		1.2

		4		0.992753		1.4891295				1		1.4556457154				-3		1.33

		6		0.99681		1.495215				4		1.4880892857

		8		0.999001		1.4985015

		MCS6		Spec Eff		3

		*0mph

		Ior/Ioc     Thruput

		-8		0.357603		1.072809				-8		0.9859621004				-8		1.5

		-7		0.493998		1.481994				-7		1.132				-7		1.5

		-6		0.499725		1.499175				-6		1.485				-6		1.5

		-4.25		0.531		1.6				-5		1.5				-5		1.5

		-4		0.600565		1.801695				-4.5		1.52				-4.5		1.5

		-3.5		0.866101		2.598303				-4		1.8004245418				-3.5		2.6

		-3.25		0.960615		2.881845				-3.7		2.272029688				-3.25		2.88

		-3		0.985028		2.955084				-3.3		2.8271539041				-3		2.955

		-2.75		0.995818		2.987454				-3		2.9598337119				-2		2.99

		-2.5		0.997904		2.993712				-2.7		2.9880358566

		-2		0.999101		2.997303

		*1.875mph

		Ior/Ioc     Thruput

		-11		0.143956		0.431868				-16		0.0721374524				-11		0.63

		-4		0.563258		1.689774				-11		0.4184389193				-9		0.888

		-2		0.68867		2.06601				-6		1.2067503345				-7		1.23

		0		0.791766		2.375298				-3		1.85886197				-5		1.61

		2		0.861046		2.583138				1		2.5717122244				-3		1.95

		4		0.910225		2.730675				5		2.830177225				-1		2.3

		6		0.944198		2.832594				8		2.9246300424				1		2.535

		8		0.962742		2.888226				15		2.9902209218				3		2.7

		10		0.975515		2.926545										5		2.8

																7		2.87

																9		2.92

		*74.58mph

		Ior/Ioc     Thruput

		-4		0.463177		1.389531				-12		0.3656611511				-11		0.63

		-2		0.574449		1.723347				-7		0.9321953398				-9		0.87

		0		0.694541		2.083623				-3		1.5283972391				-7		1.125

		2		0.808865		2.426595				1		2.2659677951				-5		1.37

		4		0.893575		2.680725				2		2.4319643734				-3		1.638

		6		0.94509		2.83527				5		2.777938976				1		2.28

		8		0.973899		2.921697				7		2.889418618				3		2.57

		10		0.989315		2.967945				12		2.9882333062				5		2.77

																7		2.88

																9		2.946

		MCS7		Spec Eff		4.5

		*0mph

		Ior/Ioc     Thruput

		-7		0.13		0.585				-4		1.1250146535				-4		2.24

		-6.5		0.156		0.7				-3		1.4551585285				-3		2.25

		-6		0.18		0.81				-2		1.567				-2		2.25

		-5.5		0.21		0.945				-1		2.23				-1		2.25

		-4		0.327461		1.4735745				0		2.25				0		2.25

		-3		0.418778		1.884501				1		2.3956883838				1		2.385

		-1		0.49995		2.249775				2		4.3910831382				1.5		3.435

		0		0.5		2.25				2.5		4.4819049539				2		4.41

		1		0.531519		2.3918355										2.5		4.486

		2		0.975705		4.3906725

		2.5		0.997108		4.486986

		*1.875mph

		Ior/Ioc     Thruput

		-2		0.3618		1.6281				-6		0.5976099616				-4		1.62

		0		0.493605		2.2212225				-2		1.4645672678				-2		2.03

		2		0.624756		2.811402				2		2.7417617674				0		2.5

		4		0.738579		3.3236055				5		3.6407616146				2		3.01

		6		0.829968		3.734856				12		4.3399800426				4		3.47

		8		0.885443		3.9844935										6		3.8

		10		0.929182		4.181319										8		4.05

		12		0.954381		4.2947145										10		4.2

																12		4.32

		*74.58mph

		Ior/Ioc     Thruput

		-2		0.321192		1.445364				-9		0.1240829737				-4		1.54

		0		0.415127		1.8680715				-7		0.5122047778				-2		1.854

		2		0.513558		2.311011				-2		1.3560689917				0		2.13

		4		0.620964		2.794338				3		2.4932017734				2		2.44

		6		0.738007		3.3210315				6		3.3220798536				4		2.86

		8		0.844381		3.7997145				8		3.778742278				6		3.35

										10		4.1238822482				8		3.8

										12		4.3114285702				10		4.11

										20		4.4974349497
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