TSG-RAN Working Group1 meeting #7              TSGR1#7(99)d48 

Hannover, Germany, Aug. 30-Sept. 3, 1999


Agenda Item:
Source: 
SAMSUNG Electronics Co.

Title: Parameters (a,b) selection for rate matching algorithm

Document for: Discussion
___________________________________________________________________________

Introduction

   This document supplements Tdoc [1] and [2] proposed by Samsung and LGIC with some analysis and some additional simulation results over AWGN channel. In the Ad Hoc 5 report, it has been mentioned that (a,b) parameter is to be studied for optimization. In this document, we show that (a,b) parameter is only related to the initial offset of puncturing pattern. In order to make arbitrary offset for a given puncturing pattern, it is sufficient to control (a,b) parameter. We also show that a specific (a,b) parameter set determines a regular puncturing pattern.    

Initial offset and period of rate matched symbol stream

Assume that Ncs is the number of bits before rate matching for each rate matching block and Nis is number of bits after rate matching for each rate matching block. For given rate matching parameters, the number punctured bits y is determined as y= Ncs - Nis and puncturing is performed by the following rate matching algorithm. 

e=(a*s(k)*y+bNcs) mod aNcs;

if e=0 then e=aNcs;

m=1

do while m<=Ncs

   e=e-a*y;

   if e <=0 then

   punctured

      puncture bit m from set S0

      e=e+a*Ncs

   end if

   m=m+1; 

end do
For simplicity, let’s define the initial offset Offset_m of rate matching block to be the number of symbols from the first symbol to the first punctured symbol. Also, let’s define period P to be the puncturing period. In figure 1, definition of Offset_m and period P are given. If Ncs/y is an integer, then initial offset and period P of the rate matching block can be easily obtained from the above algorithm and they are given by

                   Offset_m= ((b/a)*(Ncs/y)( = ( (b/a)*P(            
              (1)
                   P=Ncs/y                                              
     (2)

                           where  1(a(b*(Ncs/y) and 1(b(a.

The current rate matching algorithm uses (a,b)=(2,1). This means that the initial offset Offset_m of the current algorithm is just 1/2 of the period P(=Ncs/y). For a given parameter b, the initial offset decreases as the parameter a increases. If a( Ncs/y, the initial offset always becomes 1. Therefore, the first bit should be punctured. 

[image: image1.wmf]interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

1

1.5

2

Eb/No (dB)

BER & FER

640_BER_2111_20

640_FER_2111_20

640_BER_2121_20

640_FER_2121_20


Figure 1. Definitions of initial offset Offset_m and period P in the rate matching block.

The following two examples show the role of (a,b) parameter for the initial offset control for each rate matching block. In the following cases, we assume that b is 1 according to the current rate matching scheme. In the following figures, ‘X” means the punctured bit.

Example 1. (a,b)=(2,1) for RMB2 and (a,b)=(1,1) for RMB3. Period=4 (=(Ncs/y().
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Figure 2. Offset_m=2 for RMB2, Offset_m=4 for RMB3. P=4.

Example 2. (a,b)=(2,1) for RMB2 and (a,b)=(2,1) for RMB3. Period=4 (=(Ncs/y().

Figure 3. Offset_m=2 for RMB2, Offset_m=2 for RMB3. P=4.
Example 3.  Ncs=480, Nis=384, y= 96: a=2, b=1,2.

(a,b)=(2,1)

--|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|--

· Note that ‘-‘ and ‘|’ mean the unpunctured bit and the punctured bits, respectively.

(a,b)=(2,2)
----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|

Example 4. Ncs=480,  Nis=384, y= 96: a=3, b=1,2,3.
(a,b)=(3,1)
-|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|---

(a,b)=(3,2)
---|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|-

(a,b)=(3,3)
----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|----|

Simulation conditions

·    For turbo codes, the simulation conditions are as follows;

· Block sizes: 320, 640 

· Puncturing rates: p=20, 15, 10% 

· Decoding algorithm: Log MAP decoder

· Turbo interleaver: PIL 

· Number of iterations: 12

· Number of frame errors: greater than 100

· Channel model: AWGN

· Algorithms: SEC & LGIC puncturing

   In the following figures, _20, _15, and _10 mean puncturing with p=20, 15, and 10, respectively [1],[2]. Notation of (a,b,a,b) means the following parameters for each rate matching block (RMB).

(a,b,a,b)
RMB1
RMB2
RMB3

(2,1,2,1)
Not used
(a,b)=(2,1)
(a,b)=(2,1)

(2,1,1,1)
Not used
(a,b)=(2,1)
(a,b)=(1,1)

(2,1,3,1)
Not used
(a,b)=(2,1)
(a,b)=(3,1)

Results and conclusion

Figure 1 to 3 show the performances with interleaver size of 320, and Figure 4 to 6 show the performances of interleaver size of 640, both with different set of (a,b,a,b) parameter. According to the simulation results in Figure 1 to 6, the performances with (2,1,1,1) are slightly better consistently than those with others. Therefore, we propose to use (a,b,a,b) parameter set as (2,1,1,1) for RMB2 and RMB3.

[1] References

[2] “Unified rate matching scheme for Turbo/convolutional codes and up/down links”, Samsung Electronics Co., TSGR1#6(99)919

[3] “Unified rate matching scheme for turbo codes in both uplink and downlink”, Samsung Electronics Co. and LGIC, TSGR1#6(99)a30
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Figure 1. BER and FER of rate matching algorithm with various (a,b). N=320, p=20%.
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Figure 2. BER and FER of rate matching algorithm with various (a,b). N=320, p=15%.
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Figure 3. BER and FER of rate matching algorithm with various (a,b). N=320, p=20%.
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Figure 4. BER and FER of rate matching algorithm with various (a,b). N=640, p=20%.
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Figure 5. BER and FER of rate matching algorithm with various (a,b). N=640, p=15%.
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Figure 6. BER and FER of rate matching algorithm with various (a,b). N=640, p=10%.







































� EMBED Excel.Sheet.8  ���











� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���














� EMBED Excel.Sheet.8  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Excel.Sheet.8  ���





� EMBED Visio.Drawing.5  ���



















































































� EMBED Excel.Sheet.8  ���




















3
7

[image: image10.wmf]interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

1

1.5

2

2.5

Eb/No (dB)

BER & FER

320_BER_2111_20

320_FER_2111_20

320_BER_2121_20

320_FER_2121_20

320_BER_2131_20

320_FER_2131_20

[image: image11.wmf]RMB

(a,b)

Offset_m

=(b/a)*(N

cs

/y)

Period  P

=N

cs

/y

m=1 

m=2 

m=6 

m=10 

m=4 

[image: image12.wmf]interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

1

1.5

2

2.5

Eb/No (dB)

BER & FER

320_BER_2111_15

320_FER_2111_15

320_BER_2121_15

320_FER_2121_15

320_BER_2131_15

320_FER_2131_15

[image: image13.wmf]interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

1

1.5

2

2.5

Eb/No (dB)

BER & FER

320_BER_2111_10

320_FER_2111_10

320_BER_2121_10

320_FER_2121_10

320_BER_2131_10

320_FER_2131_10

[image: image14.wmf]RMB1

RMB2

RMB3

N

cs

/2y

P

=N

cs

/y=4

Not punctured

(a,b)=(2,1)

(a,b)=(1,1)

m=1 

m=2 

m=6 

m=10 

m=4 

[image: image15.wmf]RMB1

RMB2

RMB3

N

cs

/2y

P

=N

cs

/y=4

Not punctured

(a,b)=(2,1)

(a,b)=(2,1)

m=1 

m=2 

m=6 

m=10 

m=4 

[image: image16.wmf]interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

1

1.5

2

Eb/No (dB)

BER & FER

640_BER_2111_20

640_FER_2111_20

640_BER_2121_20

640_FER_2121_20

[image: image17.wmf]interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

1

1.5

2

Eb/No (dB)

BER & FER

640_BER_2111_10

640_FER_2111_10

640_BER_2121_10

640_FER_2121_10

[image: image18.wmf]interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

1

1.5

2

Eb/No (dB)

BER & FER

640_BER_2111_15

640_FER_2111_15

640_BER_2121_15

640_FER_2121_15

_997620526.xls
Chart1

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_20

320_FER_2111_20

320_BER_2121_20

320_FER_2121_20

320_BER_2131_20

320_FER_2131_20

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

0.00651

0.0754

0.00693

0.0783

0.006

0.0687

0.000472

0.00642

0.000451

0.00611

0.0005

0.00732

0.0000165

0.00032

0.0000149

0.000298

0.0000152

0.000295

0.000000594

0.0000234

0.000000632

0.0000226

0.000000643

0.0000237



Chart2

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_15

320_FER_2111_15

320_BER_2121_15

320_FER_2121_15

320_BER_2131_15

320_FER_2131_15

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

0.00447

0.0501

0.00466

0.0547

0.00408

0.0454

0.00033

0.00429

0.000316

0.00451

0.000288

0.00402

0.00000628

0.000147

0.00000912

0.000176

0.00000817

0.000147

0.00000036

0.0000124

0.000000471

0.0000162

0.000000416

0.0000146



Chart3

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_10

320_FER_2111_10

320_BER_2121_10

320_FER_2121_10

320_BER_2131_10

320_FER_2131_10

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

0.00312

0.0358

0.00335

0.0387

0.00318

0.0361

0.000181

0.00257

0.000147

0.0021

0.000162

0.00233

0.00000312

0.0000732

0.00000285

0.0000762

0.00000344

0.0000821

0.000000193

0.00000812

0.000000185

0.00000615

0.0000001956

0.0000071



Sheet1

		

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr = 20%

				320_BER_2111_20		320_FER_2111_20		320_BER_2121_20		320_FER_2121_20		320_BER_2131_20		320_FER_2131_20

		1		6.51E-03		7.54E-02		6.93E-03		7.83E-02		6.00E-03		6.87E-02

		1.5		4.72E-04		6.42E-03		4.51E-04		6.11E-03		5.00E-04		7.32E-03

		2		1.65E-05		3.20E-04		1.49E-05		2.98E-04		1.52E-05		2.95E-04

		2.5		5.94E-07		2.34E-05		6.32E-07		2.26E-05		6.43E-07		2.37E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr=15%

				320_BER_2111_15		320_FER_2111_15		320_BER_2121_15		320_FER_2121_15		320_BER_2131_15		320_FER_2131_15

		1		4.47E-03		5.01E-02		4.66E-03		5.47E-02		4.08E-03		4.54E-02

		1.5		3.30E-04		4.29E-03		3.16E-04		4.51E-03		2.88E-04		4.02E-03

		2		6.28E-06		1.47E-04		9.12E-06		1.76E-04		8.17E-06		1.47E-04

		2.5		3.60E-07		1.24E-05		4.71E-07		1.62E-05		4.16E-07		1.46E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21, pr=10%

				320_BER_2111_10		320_FER_2111_10		320_BER_2121_10		320_FER_2121_10		320_BER_2131_10		320_FER_2131_10

		1		3.12E-03		3.58E-02		3.35E-03		3.87E-02		3.18E-03		3.61E-02

		1.5		1.81E-04		2.57E-03		1.47E-04		2.10E-03		1.62E-04		2.33E-03

		2		3.12E-06		7.32E-05		2.85E-06		7.62E-05		3.44E-06		8.21E-05

		2.5		1.93E-07		8.12E-06		1.85E-07		6.15E-06		1.96E-07		7.10E-06





Sheet2

		





Sheet3

		






_997620808.xls
Chart1

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_20

640_FER_2111_20

640_BER_2121_20

640_FER_2121_20

640_BER_2131_20

640_FER_2131_20

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

0.00168

0.0275

0.00164

0.0266

0.0000273

0.000789

0.000031

0.000929

0.000000785

0.0000883

0.00000104

0.000118



Chart2

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_15

640_FER_2111_15

640_BER_2121_15

640_FER_2121_15

640_BER_2131_15

640_FER_2131_15

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

0.00102

0.016

0.00103

0.0163

0.0000103

0.000368

0.00000893

0.000379

0.000000471

0.0000376

0.000000398

0.0000427



Chart3

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_10

640_FER_2111_10

640_BER_2121_10

640_FER_2121_10

640_BER_2131_10

640_FER_2131_10

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

0.000399

0.00658

0.000403

0.00701

0.00000587

0.000278

0.00000505

0.000223

0.000000365

0.0000313

0.000000367

0.0000375



Sheet1

		N=640

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr = 20%

				640_BER_2111_20		640_FER_2111_20		640_BER_2121_20		640_FER_2121_20		640_BER_2131_20		640_FER_2131_20

		1		1.68E-03		2.75E-02		1.64E-03		2.66E-02

		1.5		2.73E-05		7.89E-04		3.10E-05		9.29E-04

		2		7.85E-07		8.83E-05		1.04E-06		1.18E-04

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr=15%

				640_BER_2111_15		640_FER_2111_15		640_BER_2121_15		640_FER_2121_15		640_BER_2131_15		640_FER_2131_15

		1		1.02E-03		1.60E-02		1.03E-03		1.63E-02

		1.5		1.03E-05		3.68E-04		8.93E-06		3.79E-04

		2		4.71E-07		3.76E-05		3.98E-07		4.27E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21, pr=10%

				640_BER_2111_10		640_FER_2111_10		640_BER_2121_10		640_FER_2121_10		640_BER_2131_10		640_FER_2131_10

		1		3.99E-04		6.58E-03		4.03E-04		7.01E-03

		1.5		5.87E-06		2.78E-04		5.05E-06		2.23E-04

		2		3.65E-07		3.13E-05		3.67E-07		3.75E-05





Sheet2

		





Sheet3

		






_997621074.xls
Chart1

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_20

640_FER_2111_20

640_BER_2121_20

640_FER_2121_20

640_BER_2131_20

640_FER_2131_20

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

0.00168

0.0275

0.00164

0.0266

0.0000273

0.000789

0.000031

0.000929

0.000000785

0.0000883

0.00000104

0.000118



Chart2

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_15

640_FER_2111_15

640_BER_2121_15

640_FER_2121_15

640_BER_2131_15

640_FER_2131_15

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

0.00102

0.016

0.00103

0.0163

0.0000103

0.000368

0.00000893

0.000379

0.000000471

0.0000376

0.000000398

0.0000427



Chart3

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_10

640_FER_2111_10

640_BER_2121_10

640_FER_2121_10

640_BER_2131_10

640_FER_2131_10

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

0.000399

0.00658

0.000403

0.00701

0.00000587

0.000278

0.00000505

0.000223

0.000000365

0.0000313

0.000000367

0.0000375



Sheet1

		N=640

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr = 20%

				640_BER_2111_20		640_FER_2111_20		640_BER_2121_20		640_FER_2121_20		640_BER_2131_20		640_FER_2131_20

		1		1.68E-03		2.75E-02		1.64E-03		2.66E-02

		1.5		2.73E-05		7.89E-04		3.10E-05		9.29E-04

		2		7.85E-07		8.83E-05		1.04E-06		1.18E-04

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr=15%

				640_BER_2111_15		640_FER_2111_15		640_BER_2121_15		640_FER_2121_15		640_BER_2131_15		640_FER_2131_15

		1		1.02E-03		1.60E-02		1.03E-03		1.63E-02

		1.5		1.03E-05		3.68E-04		8.93E-06		3.79E-04

		2		4.71E-07		3.76E-05		3.98E-07		4.27E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21, pr=10%

				640_BER_2111_10		640_FER_2111_10		640_BER_2121_10		640_FER_2121_10		640_BER_2131_10		640_FER_2131_10

		1		3.99E-04		6.58E-03		4.03E-04		7.01E-03

		1.5		5.87E-06		2.78E-04		5.05E-06		2.23E-04

		2		3.65E-07		3.13E-05		3.67E-07		3.75E-05





Sheet2

		





Sheet3

		






_997622082.xls
Chart1

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_20

640_FER_2111_20

640_BER_2121_20

640_FER_2121_20

640_BER_2131_20

640_FER_2131_20

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

0.00168

0.0275

0.00164

0.0266

0.0000273

0.000789

0.000031

0.000929

0.000000785

0.0000883

0.00000104

0.000118



Chart2

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_15

640_FER_2111_15

640_BER_2121_15

640_FER_2121_15

640_BER_2131_15

640_FER_2131_15

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

0.00103

0.016

0.00102

0.0163

0.00000893

0.000368

0.0000103

0.000379

0.000000398

0.0000376

0.000000471

0.0000427



Chart3

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2



640_BER_2111_10

640_FER_2111_10

640_BER_2121_10

640_FER_2121_10

640_BER_2131_10

640_FER_2131_10

Eb/No (dB)

BER & FER

interleaver size=640, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

0.000399

0.00658

0.000403

0.00701

0.00000587

0.000278

0.00000505

0.000223

0.000000365

0.0000313

0.000000367

0.0000375



Sheet1

		N=640

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr = 20%

				640_BER_2111_20		640_FER_2111_20		640_BER_2121_20		640_FER_2121_20		640_BER_2131_20		640_FER_2131_20

		1		1.68E-03		2.75E-02		1.64E-03		2.66E-02

		1.5		2.73E-05		7.89E-04		3.10E-05		9.29E-04

		2		7.85E-07		8.83E-05		1.04E-06		1.18E-04

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr=15%

				640_BER_2111_15		640_FER_2111_15		640_BER_2121_15		640_FER_2121_15		640_BER_2131_15		640_FER_2131_15

		1		1.03E-03		1.60E-02		1.02E-03		1.63E-02								1.03E-03

		1.5		8.93E-06		3.68E-04		1.03E-05		3.79E-04								8.93E-06

		2		3.98E-07		3.76E-05		4.71E-07		4.27E-05								3.98E-07

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21, pr=10%

				640_BER_2111_10		640_FER_2111_10		640_BER_2121_10		640_FER_2121_10		640_BER_2131_10		640_FER_2131_10

		1		3.99E-04		6.58E-03		4.03E-04		7.01E-03

		1.5		5.87E-06		2.78E-04		5.05E-06		2.23E-04

		2		3.65E-07		3.13E-05		3.67E-07		3.75E-05





Sheet2

		





Sheet3

		






_997620208.xls
Chart1

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_20

320_FER_2111_20

320_BER_2121_20

320_FER_2121_20

320_BER_2131_20

320_FER_2131_20

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

0.00651

0.0754

0.00693

0.0783

0.006

0.0687

0.000472

0.00642

0.000451

0.00611

0.0005

0.00732

0.0000165

0.00032

0.0000149

0.000298

0.0000152

0.000295

0.000000594

0.0000234

0.000000632

0.0000226

0.000000643

0.0000237



Chart2

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_15

320_FER_2111_15

320_BER_2121_15

320_FER_2121_15

320_BER_2131_15

320_FER_2131_15

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

0.00447

0.0501

0.00466

0.0547

0.00408

0.0454

0.00033

0.00429

0.000316

0.00451

0.000288

0.00402

0.00000628

0.000147

0.00000912

0.000176

0.00000817

0.000147

0.00000036

0.0000124

0.000000471

0.0000162

0.000000416

0.0000146



Chart3

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_10

320_FER_2111_10

320_BER_2121_10

320_FER_2121_10

320_BER_2131_10

320_FER_2131_10

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

0.00312

0.0358

0.00335

0.0387

0.00318

0.0361

0.000181

0.00257

0.000147

0.0021

0.000162

0.00233

0.00000312

0.0000732

0.00000285

0.0000762

0.00000344

0.0000821

0.000000193

0.00000812

0.000000185

0.00000615

0.0000001956

0.0000071



Sheet1

		

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr = 20%

				320_BER_2111_20		320_FER_2111_20		320_BER_2121_20		320_FER_2121_20		320_BER_2131_20		320_FER_2131_20

		1		6.51E-03		7.54E-02		6.93E-03		7.83E-02		6.00E-03		6.87E-02

		1.5		4.72E-04		6.42E-03		4.51E-04		6.11E-03		5.00E-04		7.32E-03

		2		1.65E-05		3.20E-04		1.49E-05		2.98E-04		1.52E-05		2.95E-04

		2.5		5.94E-07		2.34E-05		6.32E-07		2.26E-05		6.43E-07		2.37E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr=15%

				320_BER_2111_15		320_FER_2111_15		320_BER_2121_15		320_FER_2121_15		320_BER_2131_15		320_FER_2131_15

		1		4.47E-03		5.01E-02		4.66E-03		5.47E-02		4.08E-03		4.54E-02

		1.5		3.30E-04		4.29E-03		3.16E-04		4.51E-03		2.88E-04		4.02E-03

		2		6.28E-06		1.47E-04		9.12E-06		1.76E-04		8.17E-06		1.47E-04

		2.5		3.60E-07		1.24E-05		4.71E-07		1.62E-05		4.16E-07		1.46E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21, pr=10%

				320_BER_2111_10		320_FER_2111_10		320_BER_2121_10		320_FER_2121_10		320_BER_2131_10		320_FER_2131_10

		1		3.12E-03		3.58E-02		3.35E-03		3.87E-02		3.18E-03		3.61E-02

		1.5		1.81E-04		2.57E-03		1.47E-04		2.10E-03		1.62E-04		2.33E-03

		2		3.12E-06		7.32E-05		2.85E-06		7.62E-05		3.44E-06		8.21E-05

		2.5		1.93E-07		8.12E-06		1.85E-07		6.15E-06		1.96E-07		7.10E-06





Sheet2

		





Sheet3

		






_997620365.xls
Chart1

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_20

320_FER_2111_20

320_BER_2121_20

320_FER_2121_20

320_BER_2131_20

320_FER_2131_20

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=20%

0.00651

0.0754

0.00693

0.0783

0.006

0.0687

0.000472

0.00642

0.000451

0.00611

0.0005

0.00732

0.0000165

0.00032

0.0000149

0.000298

0.0000152

0.000295

0.000000594

0.0000234

0.000000632

0.0000226

0.000000643

0.0000237



Chart2

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_15

320_FER_2111_15

320_BER_2121_15

320_FER_2121_15

320_BER_2131_15

320_FER_2131_15

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=15%

0.00447

0.0501

0.00466

0.0547

0.00408

0.0454

0.00033

0.00429

0.000316

0.00451

0.000288

0.00402

0.00000628

0.000147

0.00000912

0.000176

0.00000817

0.000147

0.00000036

0.0000124

0.000000471

0.0000162

0.000000416

0.0000146



Chart3

		1		1		1		1		1		1

		1.5		1.5		1.5		1.5		1.5		1.5

		2		2		2		2		2		2

		2.5		2.5		2.5		2.5		2.5		2.5



320_BER_2111_10

320_FER_2111_10

320_BER_2121_10

320_FER_2121_10

320_BER_2131_10

320_FER_2131_10

Eb/No (dB)

BER & FER

interleaver size=320, PIL, iteration=12, Frame Error count=100, Downlink, P=10%

0.00312

0.0358

0.00335

0.0387

0.00318

0.0361

0.000181

0.00257

0.000147

0.0021

0.000162

0.00233

0.00000312

0.0000732

0.00000285

0.0000762

0.00000344

0.0000821

0.000000193

0.00000812

0.000000185

0.00000615

0.0000001956

0.0000071



Sheet1

		

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr = 20%

				320_BER_2111_20		320_FER_2111_20		320_BER_2121_20		320_FER_2121_20		320_BER_2131_20		320_FER_2131_20

		1		6.51E-03		7.54E-02		6.93E-03		7.83E-02		6.00E-03		6.87E-02

		1.5		4.72E-04		6.42E-03		4.51E-04		6.11E-03		5.00E-04		7.32E-03

		2		1.65E-05		3.20E-04		1.49E-05		2.98E-04		1.52E-05		2.95E-04

		2.5		5.94E-07		2.34E-05		6.32E-07		2.26E-05		6.43E-07		2.37E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21,pr=15%

				320_BER_2111_15		320_FER_2111_15		320_BER_2121_15		320_FER_2121_15		320_BER_2131_15		320_FER_2131_15

		1		4.47E-03		5.01E-02		4.66E-03		5.47E-02		4.08E-03		4.54E-02

		1.5		3.30E-04		4.29E-03		3.16E-04		4.51E-03		2.88E-04		4.02E-03

		2		6.28E-06		1.47E-04		9.12E-06		1.76E-04		8.17E-06		1.47E-04

		2.5		3.60E-07		1.24E-05		4.71E-07		1.62E-05		4.16E-07		1.46E-05

				SEC_LGIC Downlink Rate Matching , PIL, iter=12, Frame Err=100 (a,b)=2,1,1,1 v.s. 2,1,21, pr=10%

				320_BER_2111_10		320_FER_2111_10		320_BER_2121_10		320_FER_2121_10		320_BER_2131_10		320_FER_2131_10

		1		3.12E-03		3.58E-02		3.35E-03		3.87E-02		3.18E-03		3.61E-02

		1.5		1.81E-04		2.57E-03		1.47E-04		2.10E-03		1.62E-04		2.33E-03

		2		3.12E-06		7.32E-05		2.85E-06		7.62E-05		3.44E-06		8.21E-05

		2.5		1.93E-07		8.12E-06		1.85E-07		6.15E-06		1.96E-07		7.10E-06





Sheet2

		





Sheet3

		






_997599225.vsd
RMB1�

RMB2�

RMB3�

Ncs/2y�

P=Ncs/y=4�

m=1 �

m=2 �

m=6 �

Not punctured�

(a,b)=(2,1)�

(a,b)=(2,1)�

m=4 �

m=10 �


_997599165.vsd
�

�

RMB
(a,b)�


Offset_m=(b/a)*(Ncs/y)�

Period  P=Ncs/y�

m=1 �

m=2 �

m=6 �

m=10 �

m=4 �


_997599190.vsd
m=4 �

RMB1�

RMB2�

RMB3�

Ncs/2y�

P=Ncs/y=4�

Not punctured�

(a,b)=(2,1)�

(a,b)=(1,1)�

m=1 �

m=2 �

m=6 �

m=10 �


