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1. Introduction

In RAN WG1 21st meeting held at Turin, incremental redundancy (IR) was accepted as a base line of the Hybrid ARQ scheme[1]. However, since the IR buffer size is to be given by UE capability, there seems to be many degrees of IR according to the buffer size. The details of the algorithm that can realize such kinds of flexible IR are still under study. In this paper, a possible solution is given on this issue based on the rate matching algorithm of Release 99.

2. DL Rate matching algorithm for 3GPP Release 99

Here we focus on the downlink puncturing case. In this case, the rate matching is applied to systematic bits, 1st parity bits and 2nd parity bits independently. According to the TS25.212 section 4.2.7.2.2.3[2], the rate matching parameters are set as in the table 1. In the table, 
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 is the number of Turbo encoded bits and 
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 denotes the total number of punctured bits. The rate matching algorithm in TS25.212 section 4.2.7.5[2] gives a unique rate matching pattern based on the parameter. In the table 1, subscript “i”, a transport channel number, is omitted.

Table 1. DL Rate matching parameters for Release 99.

Systematic bits
1st parity bits
2nd parity bits

No puncturing
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3. Two stage rate matching
3.1. Requirements for rate matching
Following agreements have been obtained in the RAN WG1 21st meeting[1].

1) The Turbo encoder of Release 99 is to be applied.

2) Buffer size for Incremental Redundancy is to be defined as UE capability.

Therefore, it is required to develop a rate matching method that realizes full incremental redundancy with R=1/3 when a UE have maximum IR buffer size, and applies the Chase Combining, may be bit level, when the UE has minimum IR buffer size.

3.2. Proposed structure

Figure 1 shows a transmitter and receiver structure of proposed method. At the transmitter side, a rate matching block consists of a first rate matching, a virtual IR buffer and a second rate matching. The virtual IR buffer size is utilized for first rate matching parameter determination. That is, the first rate matching punctures the Turbo encoded bits so that the number of bits after rate matching is equal to the IR buffer size. The rule of the first rate matching shall be based on the Release 99. The second rate matching punctures the bits with IR buffer size so that the number of bits is equal to actual physical channel size before physical channel segmentation. The rate matching pattern is controlled by a redundancy version of a transmitted packet.  As a result, we can carry out an incremental redundancy method at the receiver. The details of parameter setting of the second rate matching is described in section 3.3.

At the receiver side, a second de-rate matching is applied after the physical channel de-segmentation by using the rate matching pattern determined by the redundancy version of the packet. The sequence after the second de-rate matching is stored in the IR buffer. A first de-rate matching increases the size of the sequence in the IR buffer so that it matches to that after the Turbo encoder, and finally, the Turbo decoder is applied. Since different rate matching pattern is applied to the second de-rate matching for re-transmitted packets, the IR buffer is gradually filled with received sequence in each re-transmission by adding the re-transmitted packet to the sequence in the IR buffer.


[image: image13.wmf]Turbo

encoder

R=1/3

Data from

CRC attachment

Systematic bits

Parity 1 bits

Parity 2 bits

First

Rate

Matching

Second

Rate

Matching

To Physical

channel 

seg

.

Rate matching block

Virtual

IR Buffer

(a) Transmitter

Second

de-rate

matching

IR

Buffer

First

de-rate

matching

Turbo

decoder

From

Physical channel

de-segmentation

(b) 

Receiver.

Redundancy version for IR

Redundancy version for IR


Fig.1. Two stage rate matching structure.
3.3. Second rate matching algorithm for Incremental redundancy
3.3.1. Strategy

The second rate matching is based on the Release 99 in principle. However, the rate matching pattern is determined by the redundancy version of the packet so that it can make use of the incremental redundancy at the receiver. The strategy of parameter setting is shown in Table 2. 

Here we define three redundancy versions. The principle of the second rate matching in each redundancy version (R.V.) is as follows.

1) R.V.1: Rate matching rule shall be based on the Release 99.

2) R.V.2: All 1st parity bits shall be transmitted. The systematic bits shall be punctured as much as possible. If it is required to puncture more bits, the 2nd parity bits shall be punctured with appropriate number.

3) R.V.3: All 2nd parity bits shall be transmitted. The 1st parity bits shall be punctured as much as possible. If it is required to puncture more bits, the systematic bits shall be punctured with appropriate number.

Therefore, three transmissions are enough to fill room of all soft bits for Turbo decoder with R=1/3.

Table 2. Strategy of second rate matching.

R.V.


1
The same as the Release 99
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b
All systematic bits are to be transmitted.
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All 1st parity bits and 2nd parity bits shall be transmitted.
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All systematic bits and 2nd parity bits shall be transmitted.
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3.3.2. Determination of rate matching parameters

How to determine the second rate matching parameters is shown in Table 3.In the table,
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Table 3. Second rate matching parameters.

R.V.
Systematic bits
1st parity bits
2nd parity bits
Note

1
No puncture
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As described above, all first and second rate matching parameters can be determined form table 1 and 3 by giving the number of Turbo encoded bits, the IR buffer size, the number of physical channel bits and the redundancy versions.

3.4. Example

In order to deepen the understanding, an example of rate matching parameter calculation is described in this section. The initial parameters for the example is shown in the table 4, and calculated first and second rate matching parameters are described in the table 5 and 6, respectively. 

Table. 4 Initial parameter setting for example

Modulation and coding scheme
16QAM R=3/4

The number of code for physical channel
 1

The number of physical channel bits
1920

Transport channel bits
1424

CRC
16

IR buffer size
2523

The number of Turbo encoded bits: 
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The total number of punctured bits by 1st RM: 
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2523 – 4332 = - 1809

The total number of punctured bits by 2nd RM:
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1920 – 2523 = - 603

Table 5 First rate matching parameters.

Systematic bits
1st parity bits
2nd parity bits

No puncturing
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From the table 4,
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Table 6  Second rate matching parameters.

R.V.
Systematic bits
1st parity bits
2nd parity bits
Note

1
No puncture

[image: image100.wmf]ë

û

301

2

/

2

-

=

D

=

D

nd

N

N



 EMBED Equation.3  [image: image101.wmf]540

3

/

1

1

=

D

+

=

st

TTI

N

N

X



 EMBED Equation.3  [image: image102.wmf]540

=

=

X

e

ini



[image: image103.wmf]1080

2

=

´

=

X

e

plus



[image: image104.wmf]602

2

min

=

D

´

=

N

e

us



[image: image105.wmf]é

ù

302

2

/

2

-

=

D

=

D

nd

N

N



[image: image106.wmf]539

3

/

2

1

=

D

+

=

st

TTI

N

N

X



[image: image107.wmf]539

=

=

X

e

ini



[image: image108.wmf]539

=

=

X

e

plus



[image: image109.wmf]302

min

=

D

=

N

e

us




2



[image: image110.wmf]603

-

=

=

D

y

N



[image: image111.wmf]1444

3

/

=

=

TTI

N

X



[image: image112.wmf]1444

=

=

X

e

ini



[image: image113.wmf]1444

=

=

X

e

plus



[image: image114.wmf]841

min

=

D

=

N

e

us


No puncture

[image: image115.wmf]0

=

D

N

: No puncture



[image: image116.wmf]1444

3

/

=

=

TTI

N

x



[image: image117.wmf]603

2

-

=

D

=

nd

N

y



[image: image118.wmf]841

=

+

=

y

x

z



3



[image: image119.wmf]63

-

=

=

D

z

N



[image: image120.wmf]1444

3

/

=

=

TTI

N

X



[image: image121.wmf]1444

=

=

X

e

ini



[image: image122.wmf]2888

2

=

´

=

X

e

plus



[image: image123.wmf]126

2

min

=

D

´

=

N

e

us



[image: image124.wmf]540

-

=

-

=

D

x

N



[image: image125.wmf]540

3

/

1

1

=

D

+

=

st

TTI

N

N

X



 EMBED Equation.3  [image: image126.wmf]540

=

=

X

e

ini



[image: image127.wmf]540

=

=

X

e

plus



[image: image128.wmf]540

min

=

D

=

N

e

us


No puncture

[image: image129.wmf]540

3

/

1

1

=

D

+

=

st

TTI

N

N

x



 EMBED Equation.3  [image: image130.wmf]603

2

-

=

D

=

nd

N

y



[image: image131.wmf]63

-

=

+

=

y

x

z

 

4. Simulations

4.1. Simulation conditions

In order to confirm basic link level performance of the two stage rate matching method, computer simulations were conducted under AWGN environment. Simulation conditions are shown in the Table 7.

Table 7. Simulation conditions

Parameter
Value

Carrier Frequency
2GHz

Propagation conditions
1 path

Channel
AWGN, Rayleigh fading (92.6Hz)

CPICH relative power
10% (-10dB)

Ec/Ior
-1dB

Closed loop Power Control
OFF

HSDPA frame Length
2 ms (3 slots)

Spreading factor
16

Ior/(Ioc+No)
Variable

Channel Estimation
Ideal

Modulations
16QAM, 64QAM

Channel coding
Rel’99 Turbo code (PCCC), 
Rate 1/2 and 3/4

Max no. of iterations for Turbo Coder
8

Metric for Turbo Coder
Max-log MAP

Input to Turbo Decoder
Soft

Number of Rake fingers
1

Transmitter diversity
STTD is not applied.

Channel interleaving
Random

4.2. Simulation results

Packet error rate (PER) properties were taken concerning some IR buffer size. In order to see the effect of different IR buffer size, we define increase of IR buffer size as

Increase of IR buffer size 
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where

a: the total number of Turbo encoded bits,

b: the number of physical channel bits,

c: IR buffer size.

In the graph, “0%” means the bit level Chase Combining and “100%” implies to apply full IR using the Turbo decoder with R=1/3. 

Figures 2 and 3 show the PER properties of the 16QAM with R=3/4 in the case of second and third transmissions in terms of the increase of IR buffer size. We can see that the PER is improved by increase of the IR buffer size. Table 8 shows Ior/Ioc values required to achieve 5% of PER regarding three MCSs under the AWGN environment. Totally, rapid Ior/Ioc improvement is obtained even if  the increase of IR buffer size is less than 50% when higher MCS level is selected..
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Fig.2. PER properties of 16QAM, R=3/4 under the AWGN environment..
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Fig.3. PER properties of 16QAM, R=3/4 under flat fading environment.

Table 8. Ior/Ioc values required to achieve 5% of PER


0%
25%
50%
75%
100%

2nd Tx


16QAM, R=1/2
- 6.8
-7.3
-7.55
-7.75
-8.05


16QAM, R=3/4
-3.25
-4.85
-5.55
-5.85
-5.95


64QAM, R=3/4
2.05
-0.3
-1.4
-1.75
-1.95

3rd Tx


16QAM, R=1/2
-8.15
-8.85
-9.15
-9.5
-9.8


16QAM, R=3/4
-4.9
-6.7
-7.3
-7.75
-8.2


64QAM, R=3/4
0.5
-2.35
-3.35
-4
-4.6

5. Conclusions

Two stage rate method was proposed for HSDPA. The proposed method makes it possible to carry out the incremental redundancy by changing rate matching patterns in each transmission, and it has flexibility so that we can adapt it to UEs with any IR buffer size. In addition, it is assured that all soft bits for Turbo decoder of R=1/3 can be filled by third transmission of the packet.
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64QAM R=3/4, Variable Interleaving Pattern, 
2nd Transmission (AWGN)
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64QAM R=3/4 Second Transmission (AWGN)
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16QAM R=3/4, AWGN (R.V.1+R.V.2)
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16QAM R=3/4, Variable Interleaving Pattern,
 2nd Transmission (AWGN)
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16QAM R=1/2, Fixed Interleaving Pattern, 
 2nd Transmission (AWGN)
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16QAM R=1/2, Variable Inerleaving Pattern, 
2nd Transmission (AWGN)
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2nd Tx

3rd Tx

Ior/Ioc[dB]

PER

16QAM R=3/4, PER curves of 1st ,2nd and 3rd transmission (AWGN)
Increase of IR buffer size = 100%
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PER

16QAM R=3/4, AWGN (RV1+RV2)



				Two Stage Rate Matching

																実行中

				AWGN: Third transmission												要実行																37,186

																																1) 16QAM R=1/2

				1) 16QAM R=1/2																												IM25: Ior/Ioc=-9,-8.8,-8.6: 16QAMR12RM2IM253rd1022-1

				CC: Ior/Ioc=-8.6,-8.4,-8.2 : 16QAMR12RM2CC3rd1011-1, Ior/Ioc=-8,-7.8: 16QAMR12RM2CC3rd1012-1																												IM75: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2IM753rd1022-1

				IM: Ior/Ioc=-9.6,-9.4,-9.2: 16QAMR12RM2IM3rd1011-1, Ior/Ioc=-9: 16QAMR12RM2IM3rd1012-1,-8.8:16QAMR12RM2IM1015-1

				IR: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2IR3rd1011-1, Ior/Ioc=-9.6: 16QAMR12RM2IR3rd1012-1

				Ior/Ioc																												Ior/Ioc

						0%		50%		100%																								0%		25%		50%		75%		100%

				-10.4																												-10.4

				-10.2						0.4																						-10.2										0.4

				-10						0.197239																						-10										0.197239

				-9.8						0.044703																						-9.8								0.292398		0.044703

				-9.6				0.5		0.00859																						-9.6						0.5		0.11274		0.00859

				-9.4				0.261097																								-9.4						0.261097		0.022978

				-9.2				0.07837																								-9.2				0.346021		0.07837

				-9				0.019704																								-9				0.152207		0.019704

				-8.8				0.002181																								-8.8				0.036403		0.002181

				-8.6		0.502513																										-8.6		0.502513

				-8.4		0.268097																										-8.4		0.268097

				-8.2		0.090334																										-8.2		0.090334

				-8		0.011973																										-8		0.011973

				-7.8		0.001862																										-7.8		0.001862

				-7.6																												-7.6

				-7.4																												-7.4

				2) 16QAM R=3/4

				CC: Ior/Ioc=-5.4,-5.2,-5.0 : 16QAMR34RM2CC3rd1012-1, Ior/Ioc=-4.6 : 16QAMR34RM2CC3rd1015-1																												2) 16QAM R=3/4

				IM: Ior/Ioc=-8.0,-7.8,-7.6,-7.4: 16QAMR34RM2IM3rd1012-1, Ior/Ioc=-7.2: 16QAMR34RM2IM3rd1015-1																												IM25: Ior/Ioc=-7,-6.8,-6.6: 16QAMR34RM2IM253rd1022-1

				IR: Ior/Ioc=-8.8,-8.6,-8.4,-8.2: 16QAMR34RM2IR3rd1012-1, Ior/Ioc=-8: 16QAMR34RM2IR3rd1015-1																												IM75: Ior/Ioc=-8.2,-8.0,-7.8: 16QAMR34RM2IM753rd1022-1, Ior/Ioc=-7.6: 16QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-9																														0%		25%		50%		75%		100%

				-8.8						0.833333																						-9

				-8.6						0.584795																						-8.8										0.833333

				-8.4						0.239234																						-8.6										0.584795

				-8.2						0.05176																						-8.4										0.239234

				-8				0.854701		0.00529																						-8.2								0.492611		0.05176

				-7.8				0.625																								-8						0.854701		0.273973		0.00529

				-7.6				0.298507																								-7.8						0.625		0.066269

				-7.4				0.096246																								-7.6						0.298507		0.007191

				-7.2				0.017021																								-7.4						0.096246

				-7																												-7.2						0.017021

				-6.8																												-7				0.289017

				-6.6																												-6.8				0.095785

				-6.4																												-6.6				0.016801

				-6.2																												-6.4

				-6																												-6.2

				-5.8																												-6

				-5.6																												-5.8

				-5.4		0.529101																										-5.6

				-5.2		0.282486																										-5.4		0.529101

				-5		0.117925																										-5.2		0.282486

				-4.8		0.027226																										-5		0.117925

				-4.6		0.007708																										-4.8		0.027226

																																-4.6		0.007708

				3) 64QAM R=3/4

				CC: Ior/Ioc=0,0.2,0,0.4,0.6 : 64QAMR34RM2CC3rd1016-1, Ior/Ioc=0.8: 64QAMR34RM2CC3rd1017-1																												3) 64QAM R=3/4

				IM: Ior/Ioc=-4.0,-3.8,-3.6,-3.4: 64QAMR34RM2IM3rd1016-1, Ior/Ioc=-3.2: 64QAMR34RM2IM3rd1017-1																												IM25: Ior/Ioc=-2.8,-2.6,-2.4: 64QAMR34RM2IM253rd1022-1, Ior/Ioc=-2.2: 64QAMR34RM2IM253rd1023-1

				IR: Ior/Ioc=-5.2,-5.0,-4.8,-4.6: 64QAMR34RM2IR3rd1016-1, Ior/Ioc=-4.4: 64QAMR34RM2IR3rd1017-1																												IM75: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2IM753rd1022-1, Ior/Ioc=-3.8: 64QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-5.6																														0%		25%		50%		75%		100%

				-5.4																												-5.6

				-5.2						0.769231																						-5.4

				-5						0.60241																						-5.2										0.769231

				-4.8						0.194175																						-5										0.60241

				-4.6						0.048733																						-4.8										0.194175

				-4.4						0.004034																						-4.6										0.048733

				-4.2																												-4.4								0.588235		0.004034

				-4				0.847458																								-4.2								0.246914

				-3.8				0.675676																								-4						0.847458		0.05618

				-3.6				0.2331																								-3.8						0.675676		0.005701

				-3.4				0.079114																								-3.6						0.2331

				-3.2				0.00853																								-3.4						0.079114

				-3																												-3.2						0.00853

				-2.8																												-3

				-2.6																												-2.8				0.502513

				-2.4																												-2.6				0.306748

				-2.2																												-2.4				0.065746

				-2																												-2.2				0.01052

				-1.8																												-2

				-1.6																												-1.8

				-1.4																												-1.6

				-1.2																												-1.4

				-1																												-1.2

				-0.8																												-1

				-0.6																												-0.8

				-0.4																												-0.6

				-0.2																												-0.4

				0		0.653595																										-0.2

				0.2		0.340136																										0		0.653595

				0.4		0.117509																										0.2		0.340136

				0.6		0.026645																										0.4		0.117509

				0.8		0.005501																										0.6		0.026645

				1																												0.8		0.005501

																																1

																																Variable Interleaving Pattern

																																1) 16QAM R=1/2

																																0%: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2SBS03rd1022-1

																																25%: Ior/Ioc=-10,-9.8,-9.6: 16QAMR12RM2SBS253rd1022-1

																																50%: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2SBS503rd1022-1

																																75%: Ior/Ioc=-10.4,-10.2,-10: 16QAMR12RM2SBS753rd1022-1

																																100%: Ior/Ioc=-10.4,-10.2: 16QAMR12RM2SBS1003rd1022-1, Ior/Ioc=-10: 16QAMR12RM2SBS1003rd1023-1

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-10.4								0.42735		0.25

																																-10.2						0.373134		0.173611		0.095694

																																-10				0.274725		0.145138		0.040984		0.017256

																																-9.8		0.234742		0.089445		0.033512

																																-9.6		0.072569		0.020105

																																-9.4		0.018501

																																-9.2

																																-9

																																-8.8

																																-8.6

																																-8.4

																																-8.2

																																-8

																																-7.8

																																-7.6

																																-7.4

																																2) 16QAM R=3/4

																																0%: Ior/Ioc=-6.8,-6.6,-6.4,-6.2: 16QAMR34RM2SBS03rd1023-1, Ior/Ioc=-6:16QAMR34RM2SBS03rd1023-2

																																25%: Ior/Ioc=-7.6,-7.4,-7.2: 16QAMR34RM2SBS253rd1023-1

																																50%: Ior/Ioc=-8.4,-8.2,-8,-7.8: 16QAMR34RM2SBS503rd1023-1,Ior/Ioc=-7.6: 16QAMR34RM2SBS503rd1023-2

																																75%: Ior/Ioc=-8.4,-8.2,-8.0,-7.8: 16QAMR34RM2SBS753rd1023-1,Ior/Ioc=-8.4,-8.2,-8.0:16QAMR34RM2SBS753rd1024-1

																																100%: Ior/Ioc=-8.6,-8.4,-8.2: 16QAMR34RM2SBS1003rd1023-1, Ior/Ioc=-8:16QAMR34RM2SBS1003rd1023-2

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-9

																																-8.8

																																-8.6										0.471698

																																-8.4						0.847458		0.520833		0.136426

																																-8.2						0.666667		0.222222		0.021259

																																-8						0.425532		0.039432

																																-7.8						0.137552		0.00644
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								Increase of IR buffer size versus Ior/Ioc required to achieve 5% of PER

								2nd Transmission:

										16QAMR1/2		16QAMR3/4		64QAMR3/4

								0		0		0		0

								25		0.5		1.7		2.3

								50		0.8		2.4		3.6

								75

								100		1.3		2.8		4.1

								64QAM

										Fix Int.		Var. Int.

								0		2.05		0.2

								25		-0.3		-1

								50		-1.4		-1.55

								75		-1.75		-1.85

								100		-1.95		-2.05

								16QAM R=3/4

										Fix Int.		Var. Int.

								0		-3.25		-4.15

								25		-4.85		-5.1

								50		-5.55		-5.6

								75		-5.85		-5.85

								100		-5.95		-5.95

								16QAM R=1/2

										Fix Int.		Var. Int.

								0		-6.8		-7.65

								25		-7.3		-7.8

								50		-7.55		-7.9

								75		-7.75		-8

								100		-8.05		-8.05

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		2.05		0.2		-3.25		-4.15		-6.8		-7.65

								25		-0.3		-1		-4.85		-5.1		-7.3		-7.8

								50		-1.4		-1.55		-5.55		-5.6		-7.55		-7.9

								75		-1.75		-1.85		-5.85		-5.85		-7.75		-8

								100		-1.95		-2.05		-5.95		-5.95		-8.05		-8.05

								37,189

								3rd Transmission

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		0.5		-2.5		-4.9		-6.2		-8.15		-9.55

								25		-2.35		-3.7		-6.7		-7.25		-8.85		-9.7

								50		-3.35		-4.15		-7.3		-7.7		-9.15		-9.85

								75		-4		-4.55		-7.8		-8.05		-9.5		-10

								100		-4.6		-4.8		-8.2		-8.3		-9.8		-10.2





		



Fix Int.

Var. Int.

Increase of the IR buffer [%]

Ior/Ioc [dB] required to achieve 5% of PER



		



Fix Int.

Var. Int.

Increase of IR buffer size [%]

Ior/Ioc [dB] required to achieve 5% of PER

16QAM R=3/4



		



Fix Int.

Var. Int.

Increase of IR buffer [%]

Ior/Ioc [dB] requied to achieve 5% of PER

16QAM R=1/2



		



64QAM R=3/4 Fix

64QAM R=3/4 Var.

16QAM R=3/4 Fix

16QAM R=3/4 Var.

16QAM R=1/2 Fix

16QAM R=1/2 Var.

Increase of IR Buffer [%]

Ior/Ioc [dB] required to achieve 5% of PER

The effect of using Variable Interleaving Pattern approach
2nd Transmission



		



64QAM R=3/4 Fix

64QAM R=3/4 Var.

16QAM R=3/4 Fix

16QAM R=3/4 Var.

16QAM R=1/2 Fix

16QAM R=1/2 Var.

Increase of IR Buffer [%]

Ior/Ioc [dB] required to achieve 5% of PER

The effect of using Variable Interleaving Pattern approach
3rd Transmission




_1066143784.xls
Graph1

		-3		-3		-3		-3		-3

		0		0		0		0		0

		3		3		3		3		3

		6		6		6		6		6

		9		9		9		9		9

		12		12		12		12		12



IR0%

IR25%

IR50%

IR75%

IR100%

Ior/Ioc [dB]

PER

16QAM R=3/4, Flat fading (R.V.1+R.V.2)

0.2602

0.2072

0.1886

0.1816

0.1706

0.0804

0.059

0.0534

0.0524

0.0508

0.0306

0.0146

0.0139

0.0127

0.0106

0.0058

0.004

0.0038

0.0027

0.0028



Sheet1

		

						37,190

						Link level simulation under Rayleigh fading environment

						STTD : OFF, fd=6Hz

						2nd Transmission

						1) 16QAM R=1/2

						0%: Ior/Ioc=0,3,6,9,12,15: 16QAMR12RM20fd2nd1026-1

						25%: Ior/Ioc=-3,0,3,6,9,12: 16QAMR12RM225fd2nd1026-1

						50%: Ior/Ioc=-3,0,3,6,9,12: 16QAMR12RM250fd2nd1026-1

						75%: Ior/Ioc=-3,0,3,6,9,12: 16QAMR12RM275fd2nd1026-1

						100%: Ior/Ioc=-6,-3,0,3,6,9: 16QAMR12RM2100fd2nd1026-1

						Ior/Ioc

								0%		25%		50%		75%		100%

						-6

						-3				0.27875		0.269417		0.263333		0.25225

						0		0.161917		0.14625		0.142083		0.138667		0.13025

						3		0.075917		0.066583		0.065417		0.066		0.061833

						6		0.02825		0.024083		0.023833		0.02425		0.026583

						9		0.009833		0.008083		0.008167		0.007833		0.009583

						12		0.002667		0.002667		0.002833		0.002917

						15		0.000667

						2) 16QAM R=3/4

						0%: Ior/Ioc=0,3,6,9,12: 16QAMR34RM20fd2nd1026-1

						25%: Ior/Ioc=-3,0,3,6,9: 16QAMR34RM225fd2nd1026-1

						50%: Ior/Ioc=-3,0,3,6,9: 16QAMR34RM250fd2nd1026-1

						75%: Ior/Ioc=-3,0,3,6,9: 16QAMR34RM275fd2nd1026-1

						100%: Ior/Ioc=-6,-3,0: 16QAMR34RM2100fd2nd1026-1, Ior/Ioc=3,6: 16QAMR34RM2100fd2nd1026-2, Ior/Ioc=3,6,9: 16QAMR34RM2100fd2nd1029-1

						Ior/Ioc

								0%		25%		50%		75%		100%

						-6

						-3				0.45425		0.406583		0.392417		0.38325

						0		0.343		0.267917		0.234833		0.223417		0.212083

						3		0.185417		0.138833		0.12375		0.117667		0.124

						6		0.086583		0.064083		0.057333		0.053667		0.059417

						9		0.03275		0.027333		0.02575		0.02525		0.025

						12		0.0115

						15





Sheet1

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



0%

25%

50%

75%

100%

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



0%

25%

50%

75%

100%

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet3

		

				37,193

				Link level simulation under Rayleigh fading environment

				STTD : OFF, fd=92.6Hz

				2nd Transmission

				1) 16QAM R=1/2

				0%: Ior/Ioc=-3,0,3: 16QAMR12RM20fd93_2nd1101-1
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				2) 16QAM R=3/4

				0%: Ior/Ioc=0,3,6,9: 16QAMR34RM20fd93_2nd1029-1,Ior/Ioc=9: 16QAMR34RM20fd93_2nd1030-1(20000 frames)

				25%: Ior/Ioc=0,3,6,9: 16QAMR34RM225fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM225fd93_2nd1030-2 (20000 frames)
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				Link level simulation under Rayleigh fading environment

				STTD : OFF, fd=92.6Hz

				3rd Transmission

				1) 16QAM R=1/2

				0%: Ior/Ioc=-6,-3,0: 16QAMR12RM20fd93_3rd1101-1
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				2) 16QAM R=3/4

				0%: Ior/Ioc=0,3,6,9: 16QAMR34RM20fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM20fd93_3rd1030-1,Ior/Ioc=-3: 16QAMR34RM20fd93_3rd1031-1
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				Link level simulation under Rayleigh fading environment

				STTD : OFF, fd=92.6Hz

				2nd Transmission

				1) 16QAM R=1/2

				0%: Ior/Ioc=-3,0,3: 16QAMR12RM20fd93_2nd1101-1

				25%: Ior/Ioc=-3,0,3: 16QAMR12RM225fd93_2nd1101-1

				50%: Ior/Ioc=-3,0,3: 16QAMR12RM250fd93_2nd1101-1
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				2) 16QAM R=3/4

				0%: Ior/Ioc=0,3,6,9: 16QAMR34RM20fd93_2nd1029-1,Ior/Ioc=9: 16QAMR34RM20fd93_2nd1030-1(20000 frames)

				25%: Ior/Ioc=0,3,6,9: 16QAMR34RM225fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM225fd93_2nd1030-2 (20000 frames)

				50%: Ior/Ioc=0,3,6,9: 16QAMR34RM250fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM250fd93_2nd1030-1(20000 frames)

				75%: Ior/Ioc=0,3,6,9: 16QAMR34RM275fd93_2nd1029-1,Ior/Ioc=6: 16QAMR34RM275fd93_2nd1030-1,Ior/Ioc=9: 16QAMR34RM275fd93_2nd1030-2 (20000 frames)
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				Link level simulation under Rayleigh fading environment

				STTD : OFF, fd=92.6Hz

				3rd Transmission

				1) 16QAM R=1/2

				0%: Ior/Ioc=-6,-3,0: 16QAMR12RM20fd93_3rd1101-1

				25%: Ior/Ioc=-6,-3,0: 16QAMR12RM225fd93_3rd1101-1

				50%: Ior/Ioc=-6,-3,0: 16QAMR12RM250fd93_3rd1101-1
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				2) 16QAM R=3/4

				0%: Ior/Ioc=0,3,6,9: 16QAMR34RM20fd93_3rd1029-1,Ior/Ioc=3: 16QAMR34RM20fd93_3rd1030-1,Ior/Ioc=-3: 16QAMR34RM20fd93_3rd1031-1
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				100%: Ior/Ioc=-6,-3,0: 16QAMR34RM2100fd93_3rd1030-1(5000packets),Ior/Ioc=3: 16QAMR34RM2100fd93_3rd1030-2(10000packets)
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				Two Stage Rate Matching

																												37,175

				AWGN: Second transmission

				1) 16QAM R=1/2																								1) 16QAM R=1/2

																																																						0%,25%,50%,100%: Increase of the IR buffer size.

						CC: Ior/Ioc=-8,-7.5,-7: 16QAMR12RM2CC1005, Ior/Ioc=-6.5: 16QAMR12RM2CC1006																						CC: Ior/Ioc=-7.4,,-7.2,-7,-6.8,-6.6 : 16QAMR12RM2CC1011-1, Ior/Ioc=-6.4: 16QAMR12RM2CC1011-2

						IM: Ior/Ioc=-8.5,-8,-7.5: 16QAMR12RM2IM1009, Ior/Ioc=-7 : 16QAMR12RM2IM1010																						IM2: Ior/Ioc=-8.0,-7.8,-7.6,-7.4,-7.2: 16QAMR12RM2IM21012-1, Ior/Ioc=-7.0: 16QAMR12RM2IM21012-2																										0% : IR buffer size is the same as physical channel bit size. -> Bit level Chase Combining

																												IM: Ior/Ioc=-8.2,-8,-7.8,-7.6,-7.4: 16QAMR12RM2IM1011-1, Ior/Ioc=-7.2: 16QAMR12RM2IM1011-2																										100%: IR buffer size is the same as Turbo encoded bits without puncturing. -> Almost full IR.

																												IM3: Ior/Ioc=-8.2,-8,-7.8,-7.6: 16QAMR12RM2IM31019-1
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PER

64QAM R=3/4 Second Transmission (AWGN)
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Ior/Ioc[dB]

PER

16QAM R=3/4, AWGN (R.V.1+R.V.2)
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PER

16QAM R=3/4, Variable Interleaving Pattern,
 2nd Transmission (AWGN)
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16QAM R=1/2, Fixed Interleaving Pattern, 
 2nd Transmission (AWGN)
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PER

16QAM R=1/2, Variable Inerleaving Pattern, 
2nd Transmission (AWGN)
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1st Tx

2nd Tx

3rd Tx

Ior/Ioc[dB]

PER

16QAM R=3/4, PER curves of 1st ,2nd and 3rd transmission (AWGN)
Increase of IR buffer size = 100%
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Ior/Ioc [dB]

PER

16QAM R=3/4, AWGN (RV1+RV2)



				Two Stage Rate Matching

																実行中

				AWGN: Third transmission												要実行																37,186

																																1) 16QAM R=1/2

				1) 16QAM R=1/2																												IM25: Ior/Ioc=-9,-8.8,-8.6: 16QAMR12RM2IM253rd1022-1

				CC: Ior/Ioc=-8.6,-8.4,-8.2 : 16QAMR12RM2CC3rd1011-1, Ior/Ioc=-8,-7.8: 16QAMR12RM2CC3rd1012-1																												IM75: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2IM753rd1022-1

				IM: Ior/Ioc=-9.6,-9.4,-9.2: 16QAMR12RM2IM3rd1011-1, Ior/Ioc=-9: 16QAMR12RM2IM3rd1012-1,-8.8:16QAMR12RM2IM1015-1

				IR: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2IR3rd1011-1, Ior/Ioc=-9.6: 16QAMR12RM2IR3rd1012-1

				Ior/Ioc																												Ior/Ioc

						0%		50%		100%																								0%		25%		50%		75%		100%

				-10.4																												-10.4

				-10.2						0.4																						-10.2										0.4

				-10						0.197239																						-10										0.197239

				-9.8						0.044703																						-9.8								0.292398		0.044703

				-9.6				0.5		0.00859																						-9.6						0.5		0.11274		0.00859

				-9.4				0.261097																								-9.4						0.261097		0.022978

				-9.2				0.07837																								-9.2				0.346021		0.07837

				-9				0.019704																								-9				0.152207		0.019704

				-8.8				0.002181																								-8.8				0.036403		0.002181

				-8.6		0.502513																										-8.6		0.502513

				-8.4		0.268097																										-8.4		0.268097

				-8.2		0.090334																										-8.2		0.090334

				-8		0.011973																										-8		0.011973

				-7.8		0.001862																										-7.8		0.001862

				-7.6																												-7.6

				-7.4																												-7.4

				2) 16QAM R=3/4

				CC: Ior/Ioc=-5.4,-5.2,-5.0 : 16QAMR34RM2CC3rd1012-1, Ior/Ioc=-4.6 : 16QAMR34RM2CC3rd1015-1																												2) 16QAM R=3/4

				IM: Ior/Ioc=-8.0,-7.8,-7.6,-7.4: 16QAMR34RM2IM3rd1012-1, Ior/Ioc=-7.2: 16QAMR34RM2IM3rd1015-1																												IM25: Ior/Ioc=-7,-6.8,-6.6: 16QAMR34RM2IM253rd1022-1

				IR: Ior/Ioc=-8.8,-8.6,-8.4,-8.2: 16QAMR34RM2IR3rd1012-1, Ior/Ioc=-8: 16QAMR34RM2IR3rd1015-1																												IM75: Ior/Ioc=-8.2,-8.0,-7.8: 16QAMR34RM2IM753rd1022-1, Ior/Ioc=-7.6: 16QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-9																														0%		25%		50%		75%		100%

				-8.8						0.833333																						-9

				-8.6						0.584795																						-8.8										0.833333

				-8.4						0.239234																						-8.6										0.584795

				-8.2						0.05176																						-8.4										0.239234

				-8				0.854701		0.00529																						-8.2								0.492611		0.05176

				-7.8				0.625																								-8						0.854701		0.273973		0.00529

				-7.6				0.298507																								-7.8						0.625		0.066269

				-7.4				0.096246																								-7.6						0.298507		0.007191

				-7.2				0.017021																								-7.4						0.096246

				-7																												-7.2						0.017021

				-6.8																												-7				0.289017

				-6.6																												-6.8				0.095785

				-6.4																												-6.6				0.016801

				-6.2																												-6.4

				-6																												-6.2

				-5.8																												-6

				-5.6																												-5.8

				-5.4		0.529101																										-5.6

				-5.2		0.282486																										-5.4		0.529101

				-5		0.117925																										-5.2		0.282486

				-4.8		0.027226																										-5		0.117925

				-4.6		0.007708																										-4.8		0.027226

																																-4.6		0.007708

				3) 64QAM R=3/4

				CC: Ior/Ioc=0,0.2,0,0.4,0.6 : 64QAMR34RM2CC3rd1016-1, Ior/Ioc=0.8: 64QAMR34RM2CC3rd1017-1																												3) 64QAM R=3/4

				IM: Ior/Ioc=-4.0,-3.8,-3.6,-3.4: 64QAMR34RM2IM3rd1016-1, Ior/Ioc=-3.2: 64QAMR34RM2IM3rd1017-1																												IM25: Ior/Ioc=-2.8,-2.6,-2.4: 64QAMR34RM2IM253rd1022-1, Ior/Ioc=-2.2: 64QAMR34RM2IM253rd1023-1

				IR: Ior/Ioc=-5.2,-5.0,-4.8,-4.6: 64QAMR34RM2IR3rd1016-1, Ior/Ioc=-4.4: 64QAMR34RM2IR3rd1017-1																												IM75: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2IM753rd1022-1, Ior/Ioc=-3.8: 64QAMR34RM2IM753rd1023-1

				Ior/Ioc

						0%		50%		100%																						Ior/Ioc

				-5.6																														0%		25%		50%		75%		100%

				-5.4																												-5.6

				-5.2						0.769231																						-5.4

				-5						0.60241																						-5.2										0.769231

				-4.8						0.194175																						-5										0.60241

				-4.6						0.048733																						-4.8										0.194175

				-4.4						0.004034																						-4.6										0.048733

				-4.2																												-4.4								0.588235		0.004034

				-4				0.847458																								-4.2								0.246914

				-3.8				0.675676																								-4						0.847458		0.05618

				-3.6				0.2331																								-3.8						0.675676		0.005701

				-3.4				0.079114																								-3.6						0.2331

				-3.2				0.00853																								-3.4						0.079114

				-3																												-3.2						0.00853

				-2.8																												-3

				-2.6																												-2.8				0.502513

				-2.4																												-2.6				0.306748

				-2.2																												-2.4				0.065746

				-2																												-2.2				0.01052

				-1.8																												-2

				-1.6																												-1.8

				-1.4																												-1.6

				-1.2																												-1.4

				-1																												-1.2

				-0.8																												-1

				-0.6																												-0.8

				-0.4																												-0.6

				-0.2																												-0.4

				0		0.653595																										-0.2

				0.2		0.340136																										0		0.653595

				0.4		0.117509																										0.2		0.340136

				0.6		0.026645																										0.4		0.117509

				0.8		0.005501																										0.6		0.026645

				1																												0.8		0.005501

																																1

																																Variable Interleaving Pattern

																																1) 16QAM R=1/2

																																0%: Ior/Ioc=-9.8,-9.6,-9.4: 16QAMR12RM2SBS03rd1022-1

																																25%: Ior/Ioc=-10,-9.8,-9.6: 16QAMR12RM2SBS253rd1022-1

																																50%: Ior/Ioc=-10.2,-10.0,-9.8: 16QAMR12RM2SBS503rd1022-1

																																75%: Ior/Ioc=-10.4,-10.2,-10: 16QAMR12RM2SBS753rd1022-1

																																100%: Ior/Ioc=-10.4,-10.2: 16QAMR12RM2SBS1003rd1022-1, Ior/Ioc=-10: 16QAMR12RM2SBS1003rd1023-1

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-10.4								0.42735		0.25

																																-10.2						0.373134		0.173611		0.095694

																																-10				0.274725		0.145138		0.040984		0.017256

																																-9.8		0.234742		0.089445		0.033512

																																-9.6		0.072569		0.020105

																																-9.4		0.018501

																																-9.2

																																-9

																																-8.8

																																-8.6

																																-8.4

																																-8.2

																																-8

																																-7.8

																																-7.6

																																-7.4

																																2) 16QAM R=3/4

																																0%: Ior/Ioc=-6.8,-6.6,-6.4,-6.2: 16QAMR34RM2SBS03rd1023-1, Ior/Ioc=-6:16QAMR34RM2SBS03rd1023-2

																																25%: Ior/Ioc=-7.6,-7.4,-7.2: 16QAMR34RM2SBS253rd1023-1

																																50%: Ior/Ioc=-8.4,-8.2,-8,-7.8: 16QAMR34RM2SBS503rd1023-1,Ior/Ioc=-7.6: 16QAMR34RM2SBS503rd1023-2

																																75%: Ior/Ioc=-8.4,-8.2,-8.0,-7.8: 16QAMR34RM2SBS753rd1023-1,Ior/Ioc=-8.4,-8.2,-8.0:16QAMR34RM2SBS753rd1024-1

																																100%: Ior/Ioc=-8.6,-8.4,-8.2: 16QAMR34RM2SBS1003rd1023-1, Ior/Ioc=-8:16QAMR34RM2SBS1003rd1023-2

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-9

																																-8.8

																																-8.6										0.471698

																																-8.4						0.847458		0.520833		0.136426

																																-8.2						0.666667		0.222222		0.021259

																																-8						0.425532		0.039432

																																-7.8						0.137552		0.00644

																																-7.6				0.35461		0.027226

																																-7.4				0.154083

																																-7.2				0.031299

																																-7

																																-6.8		0.578035

																																-6.6		0.452489

																																-6.4		0.148148

																																-6.2		0.052438

																																-6		0.015964

																																-5.8

																																-5.6

																																-5.4

																																-5.2

																																-5

																																-4.8

																																-4.6

																																3) 64QAM R=3/4

																																0%: Ior/Ioc=-3,-2.8,-2.6: 64QAMR34RM2SBS03rd1024-1,Ior/Ioc=-2.4: 64QAMR34RM2SBS03rd1024-2

																																25%: Ior/Ioc=-4,-3.8,-3.6: 64QAMR34RM2SBS253rd1024-1

																																50%: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2SBS503rd1024-1,Ior/Ioc=-4.6,-4.4,-4.2: 64QAMR34RM2SBS503rd1024-2

																																75%: Ior/Ioc=-4.8,-4.6,-4.4: 64QAMR34RM2SBS753rd1024-1

																																100%: Ior/Ioc=-4.4,-4.2,-4: 64QAMR34RM2SBS1003rd1024-1,Ior/Ioc=-4.6: 64QAMR34RM2SBS1003rd1024-2

																																Ior/Ioc

																																		0%		25%		50%		75%		100%

																																-5.6

																																-5.4														0.591716

																																-5.2										0.454545				0.297619

																																-5										0.218341				0.089928

																																-4.8								0.334448		0.042955

																																-4.6								0.084104

																																-4.4						0.26738		0.01438

																																-4.2						0.079618

																																-4				0.325733		0.011077

																																-3.8				0.122699

																																-3.6				0.026295

																																-3.4

																																-3.2

																																-3		0.446429

																																-2.8		0.248139

																																-2.6		0.098717

																																-2.4		0.029603

																																-2.2

																																-2

																																-1.8

																																-1.6

																																-1.4

																																-1.2

																																-1

																																-0.8

																																-0.6

																																-0.4

																																-0.2

																																0

																																0.2

																																0.4

																																0.6

																																0.8

																																1
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								Increase of IR buffer size versus Ior/Ioc required to achieve 5% of PER

								2nd Transmission:

										16QAMR1/2		16QAMR3/4		64QAMR3/4

								0		0		0		0

								25		0.5		1.7		2.3

								50		0.8		2.4		3.6

								75

								100		1.3		2.8		4.1

								64QAM

										Fix Int.		Var. Int.

								0		2.05		0.2

								25		-0.3		-1

								50		-1.4		-1.55

								75		-1.75		-1.85

								100		-1.95		-2.05

								16QAM R=3/4

										Fix Int.		Var. Int.

								0		-3.25		-4.15

								25		-4.85		-5.1

								50		-5.55		-5.6

								75		-5.85		-5.85

								100		-5.95		-5.95

								16QAM R=1/2

										Fix Int.		Var. Int.

								0		-6.8		-7.65

								25		-7.3		-7.8

								50		-7.55		-7.9

								75		-7.75		-8

								100		-8.05		-8.05

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		2.05		0.2		-3.25		-4.15		-6.8		-7.65

								25		-0.3		-1		-4.85		-5.1		-7.3		-7.8

								50		-1.4		-1.55		-5.55		-5.6		-7.55		-7.9

								75		-1.75		-1.85		-5.85		-5.85		-7.75		-8

								100		-1.95		-2.05		-5.95		-5.95		-8.05		-8.05

								37,189

								3rd Transmission

										64QAM R=3/4 Fix		64QAM R=3/4 Var.		16QAM R=3/4 Fix		16QAM R=3/4 Var.		16QAM R=1/2 Fix		16QAM R=1/2 Var.

								0		0.5		-2.5		-4.9		-6.2		-8.15		-9.55

								25		-2.35		-3.7		-6.7		-7.25		-8.85		-9.7

								50		-3.35		-4.15		-7.3		-7.7		-9.15		-9.85

								75		-4		-4.55		-7.8		-8.05		-9.5		-10

								100		-4.6		-4.8		-8.2		-8.3		-9.8		-10.2
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64QAM R=3/4 Fix

64QAM R=3/4 Var.

16QAM R=3/4 Fix

16QAM R=3/4 Var.

16QAM R=1/2 Fix

16QAM R=1/2 Var.

Increase of IR Buffer [%]

Ior/Ioc [dB] required to achieve 5% of PER

The effect of using Variable Interleaving Pattern approach
2nd Transmission



		



64QAM R=3/4 Fix

64QAM R=3/4 Var.

16QAM R=3/4 Fix

16QAM R=3/4 Var.

16QAM R=1/2 Fix

16QAM R=1/2 Var.

Increase of IR Buffer [%]

Ior/Ioc [dB] required to achieve 5% of PER

The effect of using Variable Interleaving Pattern approach
3rd Transmission
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