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1. Introduction

Up to now, Siemens, Fujitsu, Notrel and LGIC have been working on rate matching algorithms and proposed different algorithms for convolutional coding and turbo coding, downlink and uplink respectively. Because of the different characteristics of coding schemes and up/downlink, it is very difficult to find an optimal solution for all cases.  

In [2], Siemens proposed  an optimised rate matching algorithm for convolutional coding for up/downlink, which has been adopted in [1]. In [3][5], Fujitsu and LGIC proposed two optimised rate matching algorithms for downlink turbo coding. The BER and FER performances are similar for turbo coding. However, for convolutional coding the performances of both algorithms degrade when BER(10-4.  For uplink turbo coding, Fujitsu and Notrel proposed two solutions in [6][7].  It is absolutely desirable to have a single rate matching algorithm that is optimal for all cases.  In this contribution, we present an universal simple rate matching method, which is optimal for both convolutional coding and turbo coding, and can be used for both downlink and uplink. 
2. Universal rate matching method

In order not to complicate the rate matching algorithm which is described in [1], it is desireble not to change the algorithm itself. Only the modification required for the proposed method is to use the reordered output sequence of the turbo encoder in order that the puncturing can be easily applied only to the non-systematic bits.

2.1 Output order of Turbo encoder

In turbo coding, the ouput sequence defined in [1] is:

[Rate 1/3]  x(1),y1(1),y2(1),x(2),y1(2),y2(2), ……,x(N),y1(N),y2(N),ta(1),ta(2),……,ta(12)

[Rate 1/2]  x(1),y1(1),x(2),y2(2), ……,x(N),y2(N),ta(1),ta(2),……,ta(12)       [N: even]

          x(1),y1(1),x(2),y2(2), ……,x(N),y1(N),ta(1),ta(2),……,ta(12)       [N: odd]
x(i), y1(i) and y2(i) (i=1-N) are the systematic bits, parity bits of the first constituent encoder and parity bits of the second constituent encoder respectively, and ta(1)…ta(12) are overhead bits due to the tail bits. We propose to modify the output order of the turbo encoder slighly to facilitate the rate matching, as shown in Figure 1 and 2.  In the proposed method, the output sequence is:

[Rate 1/3]  y1(1),y1(2),……,y1(N),y2(1),y2(2),……,y2(N),x(1),x(2),……,x(N),ta(1),ta(2),……,ta(12)

[Rate 1/2]  y1(1),y1(2),…,y1(N/2),y2(1),y2(2),…,y2(N/2),x(1),x(2),…,x(N),ta(1),ta(2),…,ta(12)               [N: even]

               y1(1),y1(2),…,y1((N+1)/2),y2(1),y2(2),…,y2((N-1)/2),x(1),x(2),…,x(N),ta(1),ta(2),…,ta(12)   [N: odd]
   Because parity bit sequences and systematic bit sequence are separated, conventional rate matching algorithm can be used to puncture only parity bit sequence. The only modification in the rate matching algorithm is that the puncturing ends at the last bit of y2.

  Such a method has the following features:

· Systematic bits x(i) and overhead bits due to the tail bits ta(i) are excluded from puncturing.

· The two parity bits streams from the two constituent encoders are equally punctured.

· The conventional rate matching algorithm for convolutional coding can be directly used.
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Figure 1.  Rate matching for downlink
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Figure 2.  Rate matching for uplink
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Figure 3.  Combining method in case of code block segmentation (K segments)

2.2 Output order of convolutional encoder

There is no change in the output order of convolutional encoder which is specified in [1].

2.3 Rate matching for downlink

In the rate matching algorithm, only the parity bit sequence located at the head of the encoder output sequence is punctured when turbo coding is used for channel coding. When repetition is used for rate matching, entire sequence is used for it. For convolutional coding, entire sequence is also used for puncturing and repetition.

2.4 Rate matching for uplink

Because the rate matching agorithm is optimised for convolutional coding in the uplink by taking the 1st  MIL interleaver into account, that the optimised rate matching after 1st MIL interleaving will almost create the same puncturing pattern as rate matching before 1st interleaving. All the criteria for good turbo puncturing are fulfilled. In the rate matching algorithm, only parity bit sequence located at the head of the 1st interleaver output sequence is punctured when turbo coding is used for channel coding. There is a possibility that at most only one systematic bit can be punctured in a frame. However, this will not introduce any performance degradation. When repetition is used for rate matching, entire sequence is used for it. For convolutional coding, entire sequence is also used for puncturing and repetition.

2.5 Combining method in case of code block segmentation

Segmentation is necessary when the block size is over 5120 for turbo coding. We propose to use the multiplexing method as shown in Figure 3, so that in the output sequence parity bits are grouped together. For convolutional coding, a simple serial concatenaion is used for combining of the coded blocks.

3. Simulation results for AWGN channel

Simulation parameters

· Block sizes: 320, 321, 5119, 5120

· Puncturing rates: 10%, 20%

· Code rate: 1/3 and 1/2 (conventional 1/2 turbo)

· Log-MAP  decoding with 12 iterations

· Number of frame errors at BER=10-6 , greater than 100

· Tail bits not punctured with Fujitsu-Siemens‘ algorithm

· Tail bits punctured with LGIC’s algorithm
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Figure 4.
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Figure 10.
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Figure 11.

Summary

· For code rate 1/3, proposed method shows almost identical performance with LGIC’s method.

· For code rate 1/2, proposed method is slightly better than LGIC’s method

4. Simulation results for fading channel

In the proposed method, modified output sequence of turbo encoder is used. Because the adjacent bits are well be separated by 2nd channel interleaver, this does not introduce any performance degradation. To confirm it, some performance evaluation in downlink fading channel have been performed.

Table 1: Simulation parameters

Chip rate
4.096Mcps

Info. rate
32kbps, 64kbps

Frame length
10ms, 80ms

Channel coding
Turbo coding/convolutional coding

Iterative decoding
Log-MAP, 8 iterations

Turbo interleaver
PIL

Channel interleaver
FS-MIL

Channel model
Vehicular model B

TPC error
2.3dB

Diversity
4 finger RAKE
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Figure 12.
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Figure 15.
Summary

· Proposed scheme works well in practical environment, and is robust against fading.

· Proposed scheme is optimal for convolutional/turbo coding and up/down links.

5. Conclusions

· By using the proposed output order of turbo encoder, a single rate matching algorithm can be used for up/down-link, turbo/convolutional coding and rate (1/2)/(1/3).

· The rate matching algorithm is optimal for both convolutional coding and turbo coding.

· For turbo coding, actually LGIC’s algorithm and Fujitsu’s old algorithm are special cases of our new algorithm.  

· Proposed 1-pass rate matching algorithm is very simple for implementation point of view.
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Text proposal

This text proposal introduces the universal rate matching algorithm in 25.212 and 25.222. It accompanies the contribution [1]. At the same time an inconsistency of preloading e is removed, the value of e should always be larger than 0 which makes it necessary to use the smod function instead of the mod function. Because the smod function is less known it is implemented using an explicit if statment. 
Text proposal for 25.212 and 25.222 (Multiplexing and channel coding)

The following changes are proposed in 25.212 and 25.222, the former S1.12 and S1.22. 

Note that the section numbers for 25.222 are slightly different and note that the section "Parameters for Rate matching before first interleaving" is not needed for 25.222, because in TDD rate matching is always applied after 1st interleaving.

Areas where text changes are intended are indicated by -- Start Text proposal -- and -- End Text proposal --, headlines in between are not exhaustive and only shall help to find the relevant places in the specification.
4.2.3.2 Turbo coding
4.2.3.2.1 Turbo coder

----------------   Start Text proposal ------------------

The output of the PCCC encoder is punctured to produce coded bits corresponding to the desired code rate 1/3 or 1/2.  For rate 1/3, none of the systematic or parity bits are punctured, and the output sequence is Y(0), Y(1),... ,Y’(0), Y’(1) ,..., X(1), X(2), ... etc.  For rate 1/2, the parity bits produced by the constituent encoders are alternately punctured to produce the output sequence Y(0), Y(2),... ,Y’(1), Y’(3) ,..., X(1), X(2), ... etc.  

----------------   End Text proposal ------------------

The following new chapter should be included after chapter 4.2.3.2.4 Encoding blocks for Turbo code:

----------------   Start Text proposal ------------------

4.2.3.2.5 Multiplexing of Encoding blocks for Turbo code 
The output bits obtained from the turbo encoded blocks are multiplexed together in the following way:

Parity bits of the first block, maintaining their relative order,
Parity bits of the second block, maintaining their relative order,
....
Systematic bits of the first block, maintaining their relative order, followed by trellis termination bits for the first block, maintaining their relative order,
Systematic bits of the second block, maintaining their relative order, followed by trellis termination bits for the second block, maintaining their relative order,
....
Only the parity bits are eligible for puncturing
----------------   End Text proposal ------------------

4.2.6 Rate matching

4.2.6.1 Determination of Rate matching Parameters 
----------------   Start Text proposal ------------------

4.2.6.2 Parameters for Rate matching after first interleaving
Rate matching is performed for every radio frame.

Let’s denote:

F: the number of radio frames corresponding to the transmission time interval.

k: the current radio frame in the transmission time interval (0 ( k < F)

RF(k) is the inverse interleaving function of the 1st MIL interleaver (note that the inverse interleaving function is identical to the interleaving function itself for the 1st MIL interleaver). 

NC number of data bits before rate matching for a particular coded transport channel for the radio frame k.
NP number of data bits eligible for puncturing for the radio frame k. For convolutional codes NP = NC, For turbo codes NP = number of parity bits / F. 
Ni number of data bits after rate matching for this particular coded transport channel for the radio frame k.

(N = Ni - NC: If positive - number of bits that should be repeated for this particular coded transport channel for the radio frame k.
If negative - number of bits that should be punctured for this particular coded transport channel for the radio frame k.

-- calculate average puncturing distance 
if (N > 0

q:= (Nc/((N)(
else if (N < 0
q:= (Np/(-(N)(
 -- where ( ( means round downwards. 
-- note: if (N=0 neither puncturing nor repetition is to be performed, in this case the value of the rate matching parameters is irrelevant.
 
if q is even  -- avoid hitting the same column twice: 
 
then q' = q – gcd(q, F)/F  -- where gcd (q, F) means greatest common divisor of q and F 
 
--  note that q' is now not an integer, but a multiple of 1/8
else

q' = q

endif


– calculate S(k), representing the shift of the puncturing pattern for the radio frame k. S(k) is used when preloading  e in the rate matching formula in section 4.2.4.4 below.
for i = 0 to F-1
 
S(RF ((i*q'( mod F)) = ((i*q'( div F) -- where ( (  means round upwards.

end for

4.2.6.3 Parameters for Rate matching before first interleaving
Rate matching is performed for every transmission time interval.

Let’s denote:

NC number of data bits before rate matching for a particular coded transport channel for the transmission time interval.
Ni number of data bits after rate matching for this particular coded transport channel for the transmission time interval.

NP number of data bits eligible for puncturing for this particular coded transport channel for the transmission time interval. For convolutional codes NP = NC, For turbo codes codes NP = Number of parity bits

S is not used when preloading  e in the rate matching formula in section 4.2.6.4 below but is set to S=0.

4.2.6.4 Rate matching algorithm

Let’s denote:
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The rate matching rule is as follows:

if puncturing is to be performed 
y = -(N 
e = (2*S(k) * y +  NP) mod 2NP 
-- initial error between current and desired puncturing ratio 

if e=0 then e= 2NP
m = 1


-- index of current bit

do while m <= NP 

e = e – 2 * y


-- update error
if e <= 0 then


-- check if bit number m should be punctured

puncture bit m from set S0
e = e + 2*NP

-- update error

end if
m = m + 1



--  next bit

end do

-- note that any remaining bits (if NP < NC) are not punctured
else

y = Ni-NC
e = (2*S(k) * y +  Nc) mod 2NC 
-- initial error between current and desired puncturing ratio

if e=0 then e= 2NC
m = 1



-- index of current bit

do while m <= NC 

e = e – 2 * y


-- update error

do while e <= 0 

-- check if bit number m should be repeated

repeat bit m from set S0
e = e +  2*NC
-- update error

enddo
m = m + 1



--  next bit

end do

end if
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				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02

																				1.8

		LGIC																LGIC
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						7.14E-03		1.40E-01														6.43E-02		9.98E-01

						8.09E-04		1.90E-02														3.51E-02		8.33E-01

						7.11E-05		3.27E-03														8.09E-03		3.20E-01
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Rc=1/2
N=320
P=0.2

Fujitsu-Siemens

LGIC

Eb/N0

BER & FER



		



Rc=1/2
N=5120
P=0.2

Fujitsu-Siemens

LGIC

Eb/N0

BER & FER



				32k 10ms																						Turbo		fdt=0.15				Fujitsu-Siemens

		LGIC		Turbo		fdt=0.05				CC						Fujitsu-Siemens								LGIC		Eb/N0		BER		FER		BER		FER

				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01
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rate13

				turbo rate1/3

				N=320		P=0.2												N=321		P=0.2						N=5120		P=0.2														N=5119		P=0.2

				Eb/N0		BER		FER										Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER												Eb/N0		BER		FER

		LGIC		1		1.03E-02		1.20E-01																		0.5		5.35E-03		1.53E-01

				1.5		8.22E-04		1.25E-02																		0.7		5.87E-05		3.28E-03

				2		2.92E-05		1.11E-03																		0.9		1.65E-07		1.54E-04

				2.5		1.76E-06		3.21E-04

																								Fujitsu-Siemens				5.39E-03		1.62E-01

		Fujitsu-Siemens				1.10E-02		1.16E-01																				5.49E-05		3.30E-03

						8.16E-04		1.28E-02																				9.50E-08		1.28E-04

						2.85E-05		9.81E-04

						1.54E-06		2.39E-04

				turbo rate1/3

				N=320		P=0.1												N=321		P=0.1						N=5120		P=0.1														N=5119		P=0.1

		LGIC		Eb/N0		BER		FER								LGIC		Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER										LGIC		Eb/N0		BER		FER

				0.5		5.62E-02		4.27E-01										0.5		5.54E-02		4.22E-01				0.2		9.95E-02		9.31E-01												0.2		9.98E-02		9.43E-01

				1		9.15E-03		8.81E-02										1		9.93E-03		9.08E-02				0.4		2.79E-02		4.42E-01												0.4		2.72E-02		4.37E-01

				1.5		5.35E-04		6.31E-03										1.5		5.48E-04		6.54E-03				0.6		8.26E-04		2.69E-02												0.6		8.46E-04		2.50E-02

				1.8		5.37E-05		7.84E-04										1.8		5.50E-05		8.60E-04				0.8		1.31E-06		2.05E-04												0.8		7.00E-07		3.20E-04

				2		8.19E-06		1.72E-04										2		9.86E-06		2.05E-04

				2.5		3.23E-07		1.39E-05										2.5		1.88E-07		1.20E-05

																																								Fujitsu-Siemens				9.98E-02		9.43E-01

		Fujitsu-Siemens				5.73E-02		4.23E-01								Fujitsu-Siemens				5.65E-02		4.19E-01		Fujitsu-Siemens				9.86E-02		9.31E-01														2.72E-02		4.37E-01

						9.41E-03		8.71E-02												1.08E-02		8.90E-02						2.57E-02		4.52E-01														8.46E-04		2.50E-02

						5.18E-04		6.26E-03												5.60E-04		6.81E-03						8.36E-04		2.11E-02														2.90E-06		6.20E-04

						5.13E-05		7.59E-04												5.61E-05		8.33E-04						1.09E-06		1.59E-04

						7.35E-06		2.02E-04												9.32E-06		1.89E-04

						2.41E-07		9.87E-06												9.95E-08		8.52E-06
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		Fujitsu-Siemens																Fujitsu-Siemens

				Rate 1/2		N=320														Rate 1/2		N=5120

						P=0.2																P=0.2

				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02

																				1.8

		LGIC																LGIC

						BER		FER												Eb/N0		BER		FER

						7.14E-03		1.40E-01														6.43E-02		9.98E-01

						8.09E-04		1.90E-02														3.51E-02		8.33E-01

						7.11E-05		3.27E-03														8.09E-03		3.20E-01

						8.64E-06		6.20E-04														4.83E-04		3.09E-02
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				32k 10ms																						Turbo		fdt=0.15				Fujitsu-Siemens

		LGIC		Turbo		fdt=0.05				CC						Fujitsu-Siemens								LGIC		Eb/N0		BER		FER		BER		FER

				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01

				2		4.42E-02		2.61E-01		2		3.07E-02		3.85E-01		4.29E-02		2.70E-01								3		5.21E-03		3.57E-02		4.58E-03		3.07E-02

				3		1.94E-03		1.60E-02		3		2.16E-03		5.90E-02		2.09E-03		1.37E-02								4		3.49E-05		5.93E-04		2.53E-05		3.84E-04
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rate13

				turbo rate1/3

				N=320		P=0.2												N=321		P=0.2						N=5120		P=0.2														N=5119		P=0.2

				Eb/N0		BER		FER										Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER												Eb/N0		BER		FER

		LGIC		1		1.03E-02		1.20E-01																		0.5		5.35E-03		1.53E-01

				1.5		8.22E-04		1.25E-02																		0.7		5.87E-05		3.28E-03

				2		2.92E-05		1.11E-03																		0.9		1.65E-07		1.54E-04

				2.5		1.76E-06		3.21E-04

																								Fujitsu-Siemens				5.39E-03		1.62E-01

		Fujitsu-Siemens				1.10E-02		1.16E-01																				5.49E-05		3.30E-03

						8.16E-04		1.28E-02																				9.50E-08		1.28E-04

						2.85E-05		9.81E-04

						1.54E-06		2.39E-04

				turbo rate1/3

				N=320		P=0.1												N=321		P=0.1						N=5120		P=0.1														N=5119		P=0.1

		LGIC		Eb/N0		BER		FER								LGIC		Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER										LGIC		Eb/N0		BER		FER

				0.5		5.62E-02		4.27E-01										0.5		5.54E-02		4.22E-01				0.2		9.95E-02		9.31E-01												0.2		9.98E-02		9.43E-01

				1		9.15E-03		8.81E-02										1		9.93E-03		9.08E-02				0.4		2.79E-02		4.42E-01												0.4		2.72E-02		4.37E-01

				1.5		5.35E-04		6.31E-03										1.5		5.48E-04		6.54E-03				0.6		8.26E-04		2.69E-02												0.6		8.46E-04		2.50E-02

				1.8		5.37E-05		7.84E-04										1.8		5.50E-05		8.60E-04				0.8		1.31E-06		2.05E-04												0.8		7.00E-07		3.20E-04

				2		8.19E-06		1.72E-04										2		9.86E-06		2.05E-04

				2.5		3.23E-07		1.39E-05										2.5		1.88E-07		1.20E-05

																																								Fujitsu-Siemens				9.98E-02		9.43E-01

		Fujitsu-Siemens				5.73E-02		4.23E-01								Fujitsu-Siemens				5.65E-02		4.19E-01		Fujitsu-Siemens				9.86E-02		9.31E-01														2.72E-02		4.37E-01

						9.41E-03		8.71E-02												1.08E-02		8.90E-02						2.57E-02		4.52E-01														8.46E-04		2.50E-02

						5.18E-04		6.26E-03												5.60E-04		6.81E-03						8.36E-04		2.11E-02														2.90E-06		6.20E-04

						5.13E-05		7.59E-04												5.61E-05		8.33E-04						1.09E-06		1.59E-04

						7.35E-06		2.02E-04												9.32E-06		1.89E-04

						2.41E-07		9.87E-06												9.95E-08		8.52E-06
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		Fujitsu-Siemens																Fujitsu-Siemens

				Rate 1/2		N=320														Rate 1/2		N=5120

						P=0.2																P=0.2

				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02
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				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01

				2		4.42E-02		2.61E-01		2		3.07E-02		3.85E-01		4.29E-02		2.70E-01								3		5.21E-03		3.57E-02		4.58E-03		3.07E-02

				3		1.94E-03		1.60E-02		3		2.16E-03		5.90E-02		2.09E-03		1.37E-02								4		3.49E-05		5.93E-04		2.53E-05		3.84E-04

				4		7.02E-06		3.80E-04		4		5.89E-05		2.80E-03		5.21E-06		3.38E-04
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		LGIC		Turbo		fdt=0.05						Fujitsu-Siemens

				Eb/N0		BER		FER						Eb/N0		BER		FER

				0.8		3.19E-03		8.42E-02						0.8		3.06E-03		8.38E-02

				1		2.54E-04		1.70E-02						1		2.04E-04		1.30E-02

				1.2		6.04E-06		8.48E-04						1.2		4.81E-06		6.60E-04
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rate13

				turbo rate1/3

				N=320		P=0.2												N=321		P=0.2						N=5120		P=0.2														N=5119		P=0.2

				Eb/N0		BER		FER										Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER												Eb/N0		BER		FER

		LGIC		1		1.03E-02		1.20E-01																		0.5		5.35E-03		1.53E-01

				1.5		8.22E-04		1.25E-02																		0.7		5.87E-05		3.28E-03

				2		2.92E-05		1.11E-03																		0.9		1.65E-07		1.54E-04

				2.5		1.76E-06		3.21E-04

																								Fujitsu-Siemens				5.39E-03		1.62E-01

		Fujitsu-Siemens				1.10E-02		1.16E-01																				5.49E-05		3.30E-03

						8.16E-04		1.28E-02																				9.50E-08		1.28E-04

						2.85E-05		9.81E-04

						1.54E-06		2.39E-04

				turbo rate1/3

				N=320		P=0.1												N=321		P=0.1						N=5120		P=0.1														N=5119		P=0.1

		LGIC		Eb/N0		BER		FER								LGIC		Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER										LGIC		Eb/N0		BER		FER

				0.5		5.62E-02		4.27E-01										0.5		5.54E-02		4.22E-01				0.2		9.95E-02		9.31E-01												0.2		9.98E-02		9.43E-01

				1		9.15E-03		8.81E-02										1		9.93E-03		9.08E-02				0.4		2.79E-02		4.42E-01												0.4		2.72E-02		4.37E-01

				1.5		5.35E-04		6.31E-03										1.5		5.48E-04		6.54E-03				0.6		8.26E-04		2.69E-02												0.6		8.46E-04		2.50E-02

				1.8		5.37E-05		7.84E-04										1.8		5.50E-05		8.60E-04				0.8		1.31E-06		2.05E-04												0.8		7.00E-07		3.20E-04

				2		8.19E-06		1.72E-04										2		9.86E-06		2.05E-04

				2.5		3.23E-07		1.39E-05										2.5		1.88E-07		1.20E-05

																																								Fujitsu-Siemens				9.98E-02		9.43E-01

		Fujitsu-Siemens				5.73E-02		4.23E-01								Fujitsu-Siemens				5.65E-02		4.19E-01		Fujitsu-Siemens				9.86E-02		9.31E-01														2.72E-02		4.37E-01

						9.41E-03		8.71E-02												1.08E-02		8.90E-02						2.57E-02		4.52E-01														8.46E-04		2.50E-02

						5.18E-04		6.26E-03												5.60E-04		6.81E-03						8.36E-04		2.11E-02														2.90E-06		6.20E-04

						5.13E-05		7.59E-04												5.61E-05		8.33E-04						1.09E-06		1.59E-04

						7.35E-06		2.02E-04												9.32E-06		1.89E-04

						2.41E-07		9.87E-06												9.95E-08		8.52E-06
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LGIC
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		Fujitsu-Siemens																Fujitsu-Siemens

				Rate 1/2		N=320														Rate 1/2		N=5120

						P=0.2																P=0.2

				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02

																				1.8

		LGIC																LGIC

						BER		FER												Eb/N0		BER		FER

						7.14E-03		1.40E-01														6.43E-02		9.98E-01

						8.09E-04		1.90E-02														3.51E-02		8.33E-01

						7.11E-05		3.27E-03														8.09E-03		3.20E-01

						8.64E-06		6.20E-04														4.83E-04		3.09E-02
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				32k 10ms																						Turbo		fdt=0.15				Fujitsu-Siemens

		LGIC		Turbo		fdt=0.05				CC						Fujitsu-Siemens								LGIC		Eb/N0		BER		FER		BER		FER

				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01

				2		4.42E-02		2.61E-01		2		3.07E-02		3.85E-01		4.29E-02		2.70E-01								3		5.21E-03		3.57E-02		4.58E-03		3.07E-02

				3		1.94E-03		1.60E-02		3		2.16E-03		5.90E-02		2.09E-03		1.37E-02								4		3.49E-05		5.93E-04		2.53E-05		3.84E-04

				4		7.02E-06		3.80E-04		4		5.89E-05		2.80E-03		5.21E-06		3.38E-04

				64k 80ms

		LGIC		Turbo		fdt=0.05						Fujitsu-Siemens

				Eb/N0		BER		FER						Eb/N0		BER		FER

				0.8		3.19E-03		8.42E-02						0.8		3.06E-03		8.38E-02

				1		2.54E-04		1.70E-02						1		2.04E-04		1.30E-02

				1.2		6.04E-06		8.48E-04						1.2		4.81E-06		6.60E-04
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rate13

				turbo rate1/3

				N=320		P=0.2												N=321		P=0.2						N=5120		P=0.2														N=5119		P=0.2

				Eb/N0		BER		FER										Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER												Eb/N0		BER		FER

		LGIC		1		1.03E-02		1.20E-01																		0.5		5.35E-03		1.53E-01

				1.5		8.22E-04		1.25E-02																		0.7		5.87E-05		3.28E-03

				2		2.92E-05		1.11E-03																		0.9		1.65E-07		1.54E-04

				2.5		1.76E-06		3.21E-04

																								Fujitsu-Siemens				5.39E-03		1.62E-01

		Fujitsu-Siemens				1.10E-02		1.16E-01																				5.49E-05		3.30E-03

						8.16E-04		1.28E-02																				9.50E-08		1.28E-04

						2.85E-05		9.81E-04

						1.54E-06		2.39E-04

				turbo rate1/3

				N=320		P=0.1												N=321		P=0.1						N=5120		P=0.1														N=5119		P=0.1

		LGIC		Eb/N0		BER		FER								LGIC		Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER										LGIC		Eb/N0		BER		FER

				0.5		5.62E-02		4.27E-01										0.5		5.54E-02		4.22E-01				0.2		9.95E-02		9.31E-01												0.2		9.98E-02		9.43E-01

				1		9.15E-03		8.81E-02										1		9.93E-03		9.08E-02				0.4		2.79E-02		4.42E-01												0.4		2.72E-02		4.37E-01

				1.5		5.35E-04		6.31E-03										1.5		5.48E-04		6.54E-03				0.6		8.26E-04		2.69E-02												0.6		8.46E-04		2.50E-02

				1.8		5.37E-05		7.84E-04										1.8		5.50E-05		8.60E-04				0.8		1.31E-06		2.05E-04												0.8		7.00E-07		3.20E-04

				2		8.19E-06		1.72E-04										2		9.86E-06		2.05E-04

				2.5		3.23E-07		1.39E-05										2.5		1.88E-07		1.20E-05

																																								Fujitsu-Siemens				9.98E-02		9.43E-01

		Fujitsu-Siemens				5.73E-02		4.23E-01								Fujitsu-Siemens				5.65E-02		4.19E-01		Fujitsu-Siemens				9.86E-02		9.31E-01														2.72E-02		4.37E-01

						9.41E-03		8.71E-02												1.08E-02		8.90E-02						2.57E-02		4.52E-01														8.46E-04		2.50E-02

						5.18E-04		6.26E-03												5.60E-04		6.81E-03						8.36E-04		2.11E-02														2.90E-06		6.20E-04

						5.13E-05		7.59E-04												5.61E-05		8.33E-04						1.09E-06		1.59E-04

						7.35E-06		2.02E-04												9.32E-06		1.89E-04

						2.41E-07		9.87E-06												9.95E-08		8.52E-06
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		Fujitsu-Siemens																Fujitsu-Siemens

				Rate 1/2		N=320														Rate 1/2		N=5120

						P=0.2																P=0.2

				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02

																				1.8

		LGIC																LGIC

						BER		FER												Eb/N0		BER		FER

						7.14E-03		1.40E-01														6.43E-02		9.98E-01

						8.09E-04		1.90E-02														3.51E-02		8.33E-01

						7.11E-05		3.27E-03														8.09E-03		3.20E-01

						8.64E-06		6.20E-04														4.83E-04		3.09E-02
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				32k 10ms																						Turbo		fdt=0.15				Fujitsu-Siemens

		LGIC		Turbo		fdt=0.05				CC						Fujitsu-Siemens								LGIC		Eb/N0		BER		FER		BER		FER

				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01

				2		4.42E-02		2.61E-01		2		3.07E-02		3.85E-01		4.29E-02		2.70E-01								3		5.21E-03		3.57E-02		4.58E-03		3.07E-02

				3		1.94E-03		1.60E-02		3		2.16E-03		5.90E-02		2.09E-03		1.37E-02								4		3.49E-05		5.93E-04		2.53E-05		3.84E-04

				4		7.02E-06		3.80E-04		4		5.89E-05		2.80E-03		5.21E-06		3.38E-04

				64k 80ms

		LGIC		Turbo		fdt=0.05						Fujitsu-Siemens

				Eb/N0		BER		FER						Eb/N0		BER		FER

				0.8		3.19E-03		8.42E-02						0.8		3.06E-03		8.38E-02

				1		2.54E-04		1.70E-02						1		2.04E-04		1.30E-02

				1.2		6.04E-06		8.48E-04						1.2		4.81E-06		6.60E-04
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				2		2.92E-05		1.11E-03																		0.9		1.65E-07		1.54E-04
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		Fujitsu-Siemens																Fujitsu-Siemens

				Rate 1/2		N=320														Rate 1/2		N=5120

						P=0.2																P=0.2

				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02

																				1.8
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						BER		FER												Eb/N0		BER		FER

						7.14E-03		1.40E-01														6.43E-02		9.98E-01

						8.09E-04		1.90E-02														3.51E-02		8.33E-01
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				32k 10ms																						Turbo		fdt=0.15				Fujitsu-Siemens

		LGIC		Turbo		fdt=0.05				CC						Fujitsu-Siemens								LGIC		Eb/N0		BER		FER		BER		FER

				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01
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				turbo rate1/3

				N=320		P=0.2												N=321		P=0.2						N=5120		P=0.2														N=5119		P=0.2

				Eb/N0		BER		FER										Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER												Eb/N0		BER		FER

		LGIC		1		1.03E-02		1.20E-01																		0.5		5.35E-03		1.53E-01

				1.5		8.22E-04		1.25E-02																		0.7		5.87E-05		3.28E-03

				2		2.92E-05		1.11E-03																		0.9		1.65E-07		1.54E-04

				2.5		1.76E-06		3.21E-04

																								Fujitsu-Siemens				5.39E-03		1.62E-01

		Fujitsu-Siemens				1.10E-02		1.16E-01																				5.49E-05		3.30E-03

						8.16E-04		1.28E-02																				9.50E-08		1.28E-04

						2.85E-05		9.81E-04

						1.54E-06		2.39E-04

				turbo rate1/3

				N=320		P=0.1												N=321		P=0.1						N=5120		P=0.1														N=5119		P=0.1

		LGIC		Eb/N0		BER		FER								LGIC		Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER										LGIC		Eb/N0		BER		FER

				0.5		5.62E-02		4.27E-01										0.5		5.54E-02		4.22E-01				0.2		9.95E-02		9.31E-01												0.2		9.98E-02		9.43E-01

				1		9.15E-03		8.81E-02										1		9.93E-03		9.08E-02				0.4		2.79E-02		4.42E-01												0.4		2.72E-02		4.37E-01

				1.5		5.35E-04		6.31E-03										1.5		5.48E-04		6.54E-03				0.6		8.26E-04		2.69E-02												0.6		8.46E-04		2.50E-02
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				2		8.19E-06		1.72E-04										2		9.86E-06		2.05E-04

				2.5		3.23E-07		1.39E-05										2.5		1.88E-07		1.20E-05

																																								Fujitsu-Siemens				9.98E-02		9.43E-01

		Fujitsu-Siemens				5.73E-02		4.23E-01								Fujitsu-Siemens				5.65E-02		4.19E-01		Fujitsu-Siemens				9.86E-02		9.31E-01														2.72E-02		4.37E-01

						9.41E-03		8.71E-02												1.08E-02		8.90E-02						2.57E-02		4.52E-01														8.46E-04		2.50E-02

						5.18E-04		6.26E-03												5.60E-04		6.81E-03						8.36E-04		2.11E-02														2.90E-06		6.20E-04

						5.13E-05		7.59E-04												5.61E-05		8.33E-04						1.09E-06		1.59E-04

						7.35E-06		2.02E-04												9.32E-06		1.89E-04
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		Fujitsu-Siemens																Fujitsu-Siemens

				Rate 1/2		N=320														Rate 1/2		N=5120

						P=0.2																P=0.2

				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02

																				1.8
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						BER		FER												Eb/N0		BER		FER

						7.14E-03		1.40E-01														6.43E-02		9.98E-01

						8.09E-04		1.90E-02														3.51E-02		8.33E-01
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				32k 10ms																						Turbo		fdt=0.15				Fujitsu-Siemens

		LGIC		Turbo		fdt=0.05				CC						Fujitsu-Siemens								LGIC		Eb/N0		BER		FER		BER		FER

				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01
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				0.8		3.19E-03		8.42E-02						0.8		3.06E-03		8.38E-02
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rate13

				turbo rate1/3

				N=320		P=0.2												N=321		P=0.2						N=5120		P=0.2														N=5119		P=0.2

				Eb/N0		BER		FER										Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER												Eb/N0		BER		FER

		LGIC		1		1.03E-02		1.20E-01																		0.5		5.35E-03		1.53E-01

				1.5		8.22E-04		1.25E-02																		0.7		5.87E-05		3.28E-03

				2		2.92E-05		1.11E-03																		0.9		1.65E-07		1.54E-04

				2.5		1.76E-06		3.21E-04

																								Fujitsu-Siemens				5.39E-03		1.62E-01

		Fujitsu-Siemens				1.10E-02		1.16E-01																				5.49E-05		3.30E-03

						8.16E-04		1.28E-02																				9.50E-08		1.28E-04

						2.85E-05		9.81E-04

						1.54E-06		2.39E-04

				turbo rate1/3

				N=320		P=0.1												N=321		P=0.1						N=5120		P=0.1														N=5119		P=0.1

		LGIC		Eb/N0		BER		FER								LGIC		Eb/N0		BER		FER		LGIC		Eb/N0		BER		FER										LGIC		Eb/N0		BER		FER

				0.5		5.62E-02		4.27E-01										0.5		5.54E-02		4.22E-01				0.2		9.95E-02		9.31E-01												0.2		9.98E-02		9.43E-01

				1		9.15E-03		8.81E-02										1		9.93E-03		9.08E-02				0.4		2.79E-02		4.42E-01												0.4		2.72E-02		4.37E-01

				1.5		5.35E-04		6.31E-03										1.5		5.48E-04		6.54E-03				0.6		8.26E-04		2.69E-02												0.6		8.46E-04		2.50E-02

				1.8		5.37E-05		7.84E-04										1.8		5.50E-05		8.60E-04				0.8		1.31E-06		2.05E-04												0.8		7.00E-07		3.20E-04

				2		8.19E-06		1.72E-04										2		9.86E-06		2.05E-04

				2.5		3.23E-07		1.39E-05										2.5		1.88E-07		1.20E-05

																																								Fujitsu-Siemens				9.98E-02		9.43E-01

		Fujitsu-Siemens				5.73E-02		4.23E-01								Fujitsu-Siemens				5.65E-02		4.19E-01		Fujitsu-Siemens				9.86E-02		9.31E-01														2.72E-02		4.37E-01

						9.41E-03		8.71E-02												1.08E-02		8.90E-02						2.57E-02		4.52E-01														8.46E-04		2.50E-02

						5.18E-04		6.26E-03												5.60E-04		6.81E-03						8.36E-04		2.11E-02														2.90E-06		6.20E-04

						5.13E-05		7.59E-04												5.61E-05		8.33E-04						1.09E-06		1.59E-04

						7.35E-06		2.02E-04												9.32E-06		1.89E-04

						2.41E-07		9.87E-06												9.95E-08		8.52E-06





rate13

		



Rc=1/3
N=320
P=0.2

LGIC

Fujitsu-Siemens

Eb/N0

BER & FER



rate12

		



Rc=1/3
N=5120
P=0.2

LGIC

Fujitsu-Siemens

Eb/N0

BER & FER



fading

		



Rc=1/3
N=320
P=0.1

LGIC

Fujitsu-Siemens

Eb/N0

BER & FER



		



Rc=1/3
N=321
P=0.1

LGIC

Fujitsu-Siemens

Eb/N0

BER & FER



		



Rc=1/3
N=5120
P=0.1

LGIC

Fujitsu-Siemens

Eb/N0

BER & FER



		



Rc=1/3
N=5119
P=0.1

LGIC

Fujitsu-Siemens

Eb/N0

BER & FER



		Fujitsu-Siemens																Fujitsu-Siemens

				Rate 1/2		N=320														Rate 1/2		N=5120

						P=0.2																P=0.2

				Eb/N0		BER		FER												Eb/N0		BER		FER

				2		6.92E-03		1.42E-01												1		6.20E-02		9.97E-01

				2.5		7.77E-04		2.04E-02												1.2		3.37E-02		8.12E-01

				3		5.37E-05		2.52E-03												1.4		7.24E-03		2.70E-01

				3.5		4.84E-06		4.20E-04												1.6		2.56E-04		1.74E-02

																				1.8

		LGIC																LGIC

						BER		FER												Eb/N0		BER		FER

						7.14E-03		1.40E-01														6.43E-02		9.98E-01

						8.09E-04		1.90E-02														3.51E-02		8.33E-01

						7.11E-05		3.27E-03														8.09E-03		3.20E-01

						8.64E-06		6.20E-04														4.83E-04		3.09E-02





		



Rc=1/2
N=320
P=0.2

Fujitsu-Siemens

LGIC

Eb/N0

BER & FER



		



Rc=1/2
N=5120
P=0.2

Fujitsu-Siemens

LGIC

Eb/N0

BER & FER



				32k 10ms																						Turbo		fdt=0.15				Fujitsu-Siemens

		LGIC		Turbo		fdt=0.05				CC						Fujitsu-Siemens								LGIC		Eb/N0		BER		FER		BER		FER

				Eb/N0		BER		FER		Eb/N0		BER		FER		BER		FER								1		1.90E-01		8.40E-01		1.80E-01		8.20E-01

				1		1.54E-01		7.29E-01		1		1.37E-01		8.00E-01		1.61E-01		7.17E-01								2		6.46E-02		3.30E-01		5.72E-02		3.10E-01

				2		4.42E-02		2.61E-01		2		3.07E-02		3.85E-01		4.29E-02		2.70E-01								3		5.21E-03		3.57E-02		4.58E-03		3.07E-02

				3		1.94E-03		1.60E-02		3		2.16E-03		5.90E-02		2.09E-03		1.37E-02								4		3.49E-05		5.93E-04		2.53E-05		3.84E-04

				4		7.02E-06		3.80E-04		4		5.89E-05		2.80E-03		5.21E-06		3.38E-04

				64k 80ms

		LGIC		Turbo		fdt=0.05						Fujitsu-Siemens

				Eb/N0		BER		FER						Eb/N0		BER		FER

				0.8		3.19E-03		8.42E-02						0.8		3.06E-03		8.38E-02

				1		2.54E-04		1.70E-02						1		2.04E-04		1.30E-02

				1.2		6.04E-06		8.48E-04						1.2		4.81E-06		6.60E-04





		1		1		1		1

		2		2		2		2

		3		3		3		3

		4		4		4		4



Turbo coding

Convolutional
 coding

32kbps, 10ms
fdt=0.05

Eb/N0

BER & FER

0.154

0.729

0.137

0.8

0.0442

0.261

0.0307

0.385

0.00194

0.016

0.00216

0.059

0.00000702

0.00038

0.0000589

0.0028



		1		1		0		0

		2		2		0		0

		3		3		0		0

		4		4		0		0



32kbps, 10ms
fdt=0.05
(44km/h)

LGIC

LGIC

Fujitsu-Siemens

Fujitsu-Siemens

Eb/N0

BER & FER

0.154

0.729

0

0

0.0442

0.261

0

0

0.00194

0.016

0

0

0.00000702

0.00038

0

0



		1		1		0		0

		2		2		0		0

		3		3		0		0

		4		4		0		0

						0		0



32kbps, 10ms
fdt=0.15
(130km/h)

LGIC

LGIC

Fujitsu-Siemens

Fujitsu-Siemens

Eb/N0

BER & FER

0.19

0.84

0

0

0.0646

0.33

0

0

0.00521

0.0357

0

0

0.0000349

0.000593

0

0



		0.8		0.8

		1		1

		1.2		1.2



64kbps, 80ms
fdt=0.05
(44km/h)

LGIC

LGIC

Fujitsu-Siemens

Eb/N0

BER & FER

0.00319

0.0842

0.000254

0.017

0.00000604

0.000848




