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Abstract

TFCI code is very important because decoder depends on the rate information which was carried by TFCI bits. So, TFCI decoding fails, whole decoding also fails. Therefore using a good code for TFCI is very important. However, during studies on Harmonzation impact on TFCI, we found some problems. The current coding scheme for extended TFCI is not optimal at all, so there is considerable performance degradation. Based on this observation, we propose new optimal coding scheme for extended TFCI with almost no complexity increase because we reuse inverse hadamard transform (IHT). Moreover, this code can be generated by natural and simple extension of the current (32,6) TFCI code.

Current Coding Scheme for TFCI

In this section, the current coding scheme is described.

For 6bit TFCI case, the current coding scheme is as following .
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Fig1. The current coding scheme for 6 bit TFCI case

Mapping of the TFCI bits to the code words is described in the following table.
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Code word
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Table 1. mapping of 6bit TFCI bits into codewords

For 7-10bit TFCI case, the current coding scheme is as following .
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 Fig2. The current coding scheme for 7-10bit TFCI case

Mapping of the TFCI bits to the code words is described in the following table.

Information bits
Code word
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Table 2. mapping of 7-10TFCI bits into Code words

Harmonization impact on TFCI coding and Problems of the current coding scheme for extended TFCI

As we see in figure in this section, there is no significant performance degradation by puncturing the current TFCI. The performance difference is about 0.1dB in AWGN, so we can say that there is no significant impact on TFCI by puncturing the current code. However, we see big performance difference between current (32,6) and (16,5) Reed Muller code. There is more than 0.8.dB performance difference in the operating point in AWGN.  0.8dB diffrence in AWGN is a big difference, and this difference must be bigger in fading environment. We should start to think if we can avoid this situation.

If we look at the paper [1], we can see the minimum dsitance of the code of length 32. Those values are summarized in the following table1.


6 TFCI bits
7 TFCI bits
8 TFCI bits
9 TFCI bits
10 TFCI bits

Optimal minimum distance
16
14
13
12
12







Table 3. Optimal bound of the minimum distance for the code of length 32

Considering the table above, we can see that the current (32,6) Reed Muller code achieves the optimality because the minimum distance of the current (32,6) Reed Muller code is 16. However, the current coding scheme for (32,7-10) code is not optimal at all because the minimum distance of the current (16,5) Reed Muller code is 8. Therefore, we can expect a considerable performance degradation comparing with the optimal code. Furthermore, concatenating short code is a bad idea in terms of the performance. 

Therefore, we should try to find a new code which can improve the performance for Extended TFCI, and does not require much complexity increase at the same time.
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Fig 3 .SER performance of TFCI in AWGN

Proposed New TFCI Coding scheme

Based on Problems described in the previous section, we hope to have a better code than the current coding. Surprisingly, we can find a optimal code in the sense of a natural extension of the current (32,6) First Order Reed Muller code. Using sub-code of Second order Reed Muller code, we can achieve that goal. Second order Reed Muller code consists of codewords by adding some masks to the current First Order Reed Muller code. 

Then, the number of mask is decided by the number of TFCI bits exceeding 6bit. In n bit TFCI case, 2n-6 - 1 masks is used for coding. For example, if we have 8bits for TFCI, then 3 masks are needed. To cover 10bit TFCI, 15 masks are needed. We can think the current (32,6) Reed Muller has a mask which consists of all zeros. 

For 6-10bit TFCI case, the proposed coding scheme is as following .
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Fig 4. The Proposed coding scheme

Mapping of the TFCI bits to the code words is described in the following table. 

Information bits
Code word
Information bits
Code word
Information bits
Code word
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Table 4. Mapping of  6-10bit TFCI bits into codeword corresponding to the proposed scheme

We see that the new coding scheme for extended TFCI is made by just adding 15 masking functions to the current (32,6) Reed Muller code. The minimum distance of the new scheme is 12 as the optimal bound, and can be made as an extension of the current (32,6) Reed Muller code.

Encoder Sturcture

In this section , encoder structure of the new proposed scheme is described. In fact, all walsh code with length 32 is a vector space of dimension 5. So, there are 5 basis for vector space, for example, W32,2, W32,3, W32,5, W32,9, W32,17. The current encoding structure is shown in the box of the figure below. The other is the addition because of the extension from (32,6) First Order Reed Muller code. As you see, additional complexity for this extension in the encoder is very minor, and we can also expect a simple decoding procedure because of this natural extension. 
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Fig 5 . Encoder structure
Actually, this basis is very meaningful, because we can make an encoder simply by linear operation. For (32,6) code case, if code index n is transferred  into binary form (a0a1a2a3 ...a5)2, where ai=0,1, then code becomes a a5*W32,17 + a4* W32,9 + a3* W32,5 + a2* W32,3 + a1* W32,2 + a0*all 1’s. Moreover, we select a mask set {0,M1,M2,M3, ...  ,M15} in a vector space with demension 4, and we can choose a basis, M1,M2,M3,M4. Then, codeword set is a vector space of dimension 10 with W32,2, W32,3, W32,5, W32,9, W32,17, M1, M2, M3, M4 , and all1’s vector as basis. So, using the basis, the very simple encoder can be implemented, and the structure is as follows.

M1 = 00101000011000111111000001110111

M2 = 00000001110011010110110111000111

M3 = 00001010111110010001101100101011

M4 = 00011100001101110010111101010001
For example, when input TFCI bits (0010010001)2, output coded symbol is 

a9*Mask4 + a8* Mask3 + a7*Mask2 + a6 * Mask1 + a5*W32,17 + a4*W32,9+ a3*W32,5 + a2*W32,3 + a1*W32,2 + a0*all 1’s

=  (00000001110011010110110111000111) + (00000000111111110000000011111111) + 

    (11111111111111111111111111111111)

=  11111110110011011001001011000111

Selecting masks is very important for good codeword. Actually, masks can be derived from Gold Code

Weight Distribution 

Weight distribution and the minimum distance are the most important factor to determine the performance of the Linear Block code. In this section, we compare the weight distribution and minimum distance of the current coding scheme with that of proposed coding scheme in detail. 

In TFCI 6bit case, The minimum distance is 16 and the weight distribution is shown in the following table.

Codeword Weight
Occurence

0
1

16
62

32
1

Table 5. The weight distribution of the current (32,6) bi-orthogonal code

The current scheme and the proposed scheme for Extended TFCI have the different minimum distance and weight distribution, and those values are shown in the table below. The difference of the minimum distance between the current scheme and the proposed scheme is 4. In Coding Theory, the difference 4 of the minimum distance in code length 32, is very high. We expect a considerable performance difference. The performance comparison between the current and proposed scheme is shown in next sections.

Current scheme

Proposed scheme

Codeword Weight
Occurence

Codeword Weight
Occurence

0
1

0
1

8
60

12
240

16
902

16
542

24
60

20
240

32
1

32
1

Table 6. Comparison of weight distribution of the current & proposed scheme for 7-10bit TFCI case

 Performance

In this section, we show the comparison of the performance for 3 coding schemes by the simulation in AWGN channel and fading channels. The compared 3 coding schemes are as follows.

1. New proposed sub-code of Second order Reed Muller code
2. Current coding scheme ( (16,5) x 2 ) for the extended TFCI bit 

3. Single (16,5) Bi-orthogonal Code

In AWGN, new proposed Sub-code of Second order Reed Muller code has about more than 0.6dB as a coding gain compared with the current scheme. And, in fading channel with vehicular speed 30km and no power control, new proposed Sub-code of Second order Reed Muller code has about 3.5dB coding gain compared with the current scheme. This is the tremendous gain to consider the change of the current Extended TFCI coding scheme. This new code gives us a great coding gain, and does not require much complexity increase at the same time because of natural extension of the current code. The complexity will be explained in next section.
AWGN Channel
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Fig 6. Performance curve in AWGN channel 
Fading Channel 

· JTC Model

· Vehicular Speed : 30Km

· No power control
· ideal estimation

· 1-path
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Fig 7. Performance curve in Fading channel with vehicular speed 30km 
More Simulation results

In this section and next section, we run more simluations in various situations.
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Fig 8. Performance curve in 1-path fading channel with power control and vehicular speed 30km/h
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Fig 9. Performance curve in 2-path fading channel with power control and vehicular speed 30km/h.
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Fig 10. Performance curve in 1-path fading channel with no power control and vehicular speed 30km/h.
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Fig 11. Performance curve in 2-path fading channel with no power control and vehicular speed 30km/h.

Consideration on 7-9 bits TFCI

In current specification, there is an algorithm to enhace gain when we only have from 7 to 9 TFCI bits. So we need to investigate these cases too.

We know that the gain comes from the reduction of signal constellation. Therefore, that algorithm also can be applied to new proposed scheme, and both schemes have some performance improvement. But we are not sure if they will achieve the same amount of performance improvement. If there is the performance difference in these cases, then the case of 7 bit TFCI will be the most significant case. So we run some simulation for 7bit TFCI.

Following figure shows the performance difference between the current scheme and new proposed scheme when we only have 7 bit TFCI. We can see that both schemes achieve the performance improvement comparing with 10 bit TFCI case, but the amount of difference is kept almost the same. Therefore, we can say there is the same gain even when we have 7 –9 bits TFCI.


[image: image41.wmf]1.0E-04

1.0E-03

1.0E-02

1.0E-01

1.0E+00

6

8

10

12

14

16

18

20

Eb / No (dB)

SER

(30,10)

(30,10)7bits

(15,5)x2

(15,5)x2 7bits


Fig 12. Performance in 1-path fading channel with no power control and vehicular speed 30km/h.
Consideration on Complexity and Decoder Structure

In this section, we will describe the decoding structure correspoding to the encoding structure in the previous section. For decoding, we can reuse the fast hadamard transform for current (32,6) First order Reed Muller code. The decoding structure is as follows.
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Fig 13. Decoder Structure

In the figure, when we recieve the signal r(t), we multiply all possible mask with the recieved signal, and perform the fast inverse hadamard transform 15times or less iteratively. Then, the decoding complexity is not increased much because we reuse the current Hadamarad Transform block, but the decoding delay is increased about 16times. But this increase of decoding time is not matter comparing with other process for demodulation. If we assume a reuse of the current Hadamard Transform, then it needs about 64 cycles to finish to decode 32 length Hadamard, So for the decoding of new proposed scheme, it needs about 64*16 cycles. If we have a hardware operating with 70 MHz clock, then decoding delay for the current scheme is about 0.9(s and it for new coding is about 14.6(s. This decoding time delay is no problem at all for the real-time implmentation.

Conclusion

During studies on Harmonization impact on TFCI, we found some performance problem in the extended TFCI coding. The current coding scheme is not optimal at all, and too far from optimal. Considering the importance of TFCI because of big influence on link performance, we need to have a good code. In this proposal, we proposed new optimal TFCI coding which achieves a big performance improvement (0.6 dB in AWGN and 3.5 dB in Fading). It also turns out that this new code can be generated by natural and simple extension of the current (32,6) First order reed Muller code, so there is no significant complexity increase to decode. So we strongly recommend to change the current Extended TFCI coding scheme to new proposed one. There is no reason not to use optimal code which does not require much complexity increase.
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Simulation

		Coding		Channel		PwrCtrl		SNR		SER				Coding		Channel		PwrCtrl		SNR		SER

		(30,10)		30Km/h, 2path		wo/pc		2.87071		0.1129688206

		(30,10)		30Km/h, 2path		wo/pc		4.920328		0.0347560128

		(30,10)		30Km/h, 2path		wo/pc		6.904172		0.0102690491

		(30,10)		30Km/h, 2path		wo/pc		8.912959		0.0018586117

		(30,10)		30Km/h, 2path		wo/pc		10.9151		0.0003259448

		(15,5)x2		30Km/h, 2path		wo/pc		8.885545		1.2600E-02

		(15,5)x2		30Km/h, 2path		wo/pc		10.918879		3.2995E-03

		(15,5)x2		30Km/h, 2path		wo/pc		12.91358		8.8681E-04

		(15,5)x2		30Km/h, 2path		wo/pc		13.915111		4.0781E-04

		(15,5)x2		30Km/h, 2path		wo/pc		15.916581		8.8000E-05

				Current Scheme

				Proposed Scheme
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(16, 5) 검증

		

				Channel		Pwr. Ctrl		SNR		BER

				AWGN		wo/pc		-0.0515		7.9938E-02

								1.9485		3.8700E-02

								3.948501		1.2956E-02

								5.9485		2.5063E-03

								7.948501		1.8875E-04

				3Km/Hr		wo/pc		2.04994		1.0826E-01

								5.04994		6.3025E-02

								10.04994		2.1756E-02

								15.049941		6.6813E-03

								20.04994		2.0438E-03

								25.049941		6.6875E-04

				3Km/Hr		w/pc		0.038672		8.0294E-02

								3.038673		2.5406E-02

								5.038672		7.5125E-03

								10.045444		1.4125E-04

				30Km/Hr		wo/pc		4.912351		6.4256E-02

								9.912351		2.3475E-02

								14.912351		7.5938E-03

								19.912351		2.2938E-03

								24.899491		7.9583E-04

				30Km/Hr		w/pc		1.2425		9.3781E-02

								6.2425		2.5369E-02

								11.2425		6.9313E-03

								16.242501		1.9375E-03

								21.2425		5.8750E-04

				120Km/Hr		w/pc		6.718829		4.5006E-02

								11.71883		1.5806E-02

								16.71883		4.7938E-03

								21.718829		1.4063E-03
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Sheet1

		30Km/h, 1path

		(30,10)		30Km/h, 1path		w/pc		2.280508		0.1319261214

		(30,10)		30Km/h, 1path		w/pc		4.334679		0.0298721472

		(30,10)		30Km/h, 1path		w/pc		6.293528		0.0046778811

		(30,10)		30Km/h, 1path		w/pc		8.293331		0.0006642947

		(30,10)		30Km/h, 1path		w/pc

		(15,5)x2		30Km/h, 1path		w/pc		4.199629		1.0469E-01

		(15,5)x2		30Km/h, 1path		w/pc		6.301228		3.6754E-02

		(15,5)x2		30Km/h, 1path		w/pc		8.306018		1.1802E-02

		(15,5)x2		30Km/h, 1path		w/pc		10.290925		3.4710E-03

		(15,5)x2		30Km/h, 1path		w/pc		11.287246		1.9569E-03

		(15,5)x2		30Km/h, 1path		w/pc		13.295172		5.2883E-04

				Current scheme

				Proposed Scheme

		30Km/h, 2path

		(30,10)		30Km/h, 2path		w/pc		1.45718		0.1200192031

		(30,10)		30Km/h, 2path		w/pc		3.475502		0.0171150818

		(30,10)		30Km/h, 2path		w/pc		5.469847		0.0010213378

		(30,10)		30Km/h, 2path		w/pc		7.293331		0.0000664295

		(30,10)		30Km/h, 2path		w/pc

		(15,5)x2		30Km/h, 2path		w/pc		3.487488		5.0556E-02

		(15,5)x2		30Km/h, 2path		w/pc		5.477963		1.1102E-02

		(15,5)x2		30Km/h, 2path		w/pc		7.469647		1.5667E-03

		(15,5)x2		30Km/h, 2path		w/pc		9.470679		2.5810E-04

		(15,5)x2		30Km/h, 2path		w/pc		10.470445		9.2000E-05

				Current scheme

				Proposed Scheme

		30Km/h, 1path

		(30,10)		30Km/h, 1path		wo/pc		8.925169		0.0185984229

		(30,10)		30Km/h, 1path		wo/pc		10.950248		0.0077871916

		(30,10)		30Km/h, 1path		wo/pc		12.914112		0.0026076979

		(30,10)		30Km/h, 1path		wo/pc		14.907615		0.0010736111

		(30,10)		30Km/h, 1path		wo/pc		16.907508		0.0003127627

		(15,5)x2		30Km/h, 1path		wo/pc		12.913525		1.5174E-02

		(15,5)x2		30Km/h, 1path		wo/pc		14.939876		7.1345E-03

		(15,5)x2		30Km/h, 1path		wo/pc		16.914902		3.0508E-03

		(15,5)x2		30Km/h, 1path		wo/pc		18.904401		1.1994E-03

		(15,5)x2		30Km/h, 1path		wo/pc

				Current scheme

				Proposed Scheme

		30Km/h, 2path

		(30,10)		30Km/h, 2path		wo/pc		2.87071		0.1129688206

		(30,10)		30Km/h, 2path		wo/pc		4.920328		0.0347560128

		(30,10)		30Km/h, 2path		wo/pc		6.904172		0.0102690491

		(30,10)		30Km/h, 2path		wo/pc		8.912959		0.0018586117

		(30,10)		30Km/h, 2path		wo/pc		10.9151		0.0003259448

		(15,5)x2		30Km/h, 2path		wo/pc		8.885545		1.2600E-02

		(15,5)x2		30Km/h, 2path		wo/pc		10.918879		3.2995E-03

		(15,5)x2		30Km/h, 2path		wo/pc		12.91358		8.8681E-04

		(15,5)x2		30Km/h, 2path		wo/pc		13.915111		4.0781E-04

		(15,5)x2		30Km/h, 2path		wo/pc		15.916581		8.8000E-05

				Current scheme

				Proposed Scheme
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Simulation

		Coding		Channel		PwrCtrl		SNR		SER				Coding		Channel		PwrCtrl		SNR		SER

		(30,10)		30Km/h, 2path		wo/pc		2.87071		0.1129688206

		(30,10)		30Km/h, 2path		wo/pc		4.920328		0.0347560128

		(30,10)		30Km/h, 2path		wo/pc		6.904172		0.0102690491

		(30,10)		30Km/h, 2path		wo/pc		8.912959		0.0018586117

		(30,10)		30Km/h, 2path		wo/pc		10.9151		0.0003259448

		(15,5)x2		30Km/h, 2path		wo/pc		8.885545		1.2600E-02

		(15,5)x2		30Km/h, 2path		wo/pc		10.918879		3.2995E-03

		(15,5)x2		30Km/h, 2path		wo/pc		12.91358		8.8681E-04

		(15,5)x2		30Km/h, 2path		wo/pc		13.915111		4.0781E-04

		(15,5)x2		30Km/h, 2path		wo/pc		15.916581		8.8000E-05

				Current Scheme

				Proposed Scheme
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(16, 5) 검증

		

				Channel		Pwr. Ctrl		SNR		BER

				AWGN		wo/pc		-0.0515		7.9938E-02

								1.9485		3.8700E-02

								3.948501		1.2956E-02

								5.9485		2.5063E-03

								7.948501		1.8875E-04

				3Km/Hr		wo/pc		2.04994		1.0826E-01

								5.04994		6.3025E-02

								10.04994		2.1756E-02

								15.049941		6.6813E-03

								20.04994		2.0438E-03

								25.049941		6.6875E-04

				3Km/Hr		w/pc		0.038672		8.0294E-02

								3.038673		2.5406E-02

								5.038672		7.5125E-03

								10.045444		1.4125E-04

				30Km/Hr		wo/pc		4.912351		6.4256E-02

								9.912351		2.3475E-02

								14.912351		7.5938E-03

								19.912351		2.2938E-03

								24.899491		7.9583E-04

				30Km/Hr		w/pc		1.2425		9.3781E-02

								6.2425		2.5369E-02

								11.2425		6.9313E-03

								16.242501		1.9375E-03

								21.2425		5.8750E-04

				120Km/Hr		w/pc		6.718829		4.5006E-02

								11.71883		1.5806E-02

								16.71883		4.7938E-03

								21.718829		1.4063E-03
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Sheet1

		30Km/h, 1path

		(30,10)		30Km/h, 1path		w/pc		2.280508		0.1319261214

		(30,10)		30Km/h, 1path		w/pc		4.334679		0.0298721472

		(30,10)		30Km/h, 1path		w/pc		6.293528		0.0046778811

		(30,10)		30Km/h, 1path		w/pc		8.293331		0.0006642947

		(30,10)		30Km/h, 1path		w/pc

		(15,5)x2		30Km/h, 1path		w/pc		4.199629		1.0469E-01

		(15,5)x2		30Km/h, 1path		w/pc		6.301228		3.6754E-02

		(15,5)x2		30Km/h, 1path		w/pc		8.306018		1.1802E-02

		(15,5)x2		30Km/h, 1path		w/pc		10.290925		3.4710E-03

		(15,5)x2		30Km/h, 1path		w/pc		11.287246		1.9569E-03

		(15,5)x2		30Km/h, 1path		w/pc		13.295172		5.2883E-04

				Current scheme

				Proposed Scheme

		30Km/h, 2path

		(30,10)		30Km/h, 2path		w/pc		1.45718		0.1200192031

		(30,10)		30Km/h, 2path		w/pc		3.475502		0.0171150818

		(30,10)		30Km/h, 2path		w/pc		5.469847		0.0010213378

		(30,10)		30Km/h, 2path		w/pc		7.293331		0.0000664295

		(30,10)		30Km/h, 2path		w/pc

		(15,5)x2		30Km/h, 2path		w/pc		3.487488		5.0556E-02

		(15,5)x2		30Km/h, 2path		w/pc		5.477963		1.1102E-02

		(15,5)x2		30Km/h, 2path		w/pc		7.469647		1.5667E-03

		(15,5)x2		30Km/h, 2path		w/pc		9.470679		2.5810E-04

		(15,5)x2		30Km/h, 2path		w/pc		10.470445		9.2000E-05

				Current scheme

				Proposed Scheme

		30Km/h, 1path

		(30,10)		30Km/h, 1path		wo/pc		8.925169		0.0185984229

		(30,10)		30Km/h, 1path		wo/pc		10.950248		0.0077871916

		(30,10)		30Km/h, 1path		wo/pc		12.914112		0.0026076979

		(30,10)		30Km/h, 1path		wo/pc		14.907615		0.0010736111

		(30,10)		30Km/h, 1path		wo/pc		16.907508		0.0003127627

		(15,5)x2		30Km/h, 1path		wo/pc		12.913525		1.5174E-02

		(15,5)x2		30Km/h, 1path		wo/pc		14.939876		7.1345E-03

		(15,5)x2		30Km/h, 1path		wo/pc		16.914902		3.0508E-03

		(15,5)x2		30Km/h, 1path		wo/pc		18.904401		1.1994E-03

		(15,5)x2		30Km/h, 1path		wo/pc

				Current scheme

				Proposed Scheme

		30Km/h, 2path

		(30,10)		30Km/h, 2path		wo/pc		2.87071		0.1129688206

		(30,10)		30Km/h, 2path		wo/pc		4.920328		0.0347560128

		(30,10)		30Km/h, 2path		wo/pc		6.904172		0.0102690491

		(30,10)		30Km/h, 2path		wo/pc		8.912959		0.0018586117

		(30,10)		30Km/h, 2path		wo/pc		10.9151		0.0003259448

		(15,5)x2		30Km/h, 2path		wo/pc		8.885545		1.2600E-02

		(15,5)x2		30Km/h, 2path		wo/pc		10.918879		3.2995E-03

		(15,5)x2		30Km/h, 2path		wo/pc		12.91358		8.8681E-04

		(15,5)x2		30Km/h, 2path		wo/pc		13.915111		4.0781E-04

		(15,5)x2		30Km/h, 2path		wo/pc		15.916581		8.8000E-05

				Current scheme

				Proposed Scheme





Sheet1

		0		0

		0		0

		0		0

		0		0

		0

		0



Current scheme

Proposed Scheme

Eb / No (dB)

SER

0

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0



Current scheme

Proposed Scheme

Eb / No (dB)

SER

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

				0



Current scheme

Proposed Scheme

Eb / No (dB)

SER

0

0

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0



Current scheme

Proposed Scheme

Eb / No (dB)

SER

0

0

0

0

0

0

0

0

0




_993989506.xls
Chart2

		8.925169		6.926424		12.913525		7.944875

		10.950248		8.952563		14.939876		9.947753

		12.914112		10.908276		16.914902		11.962917

		14.907615		12.909224		18.904401		13.921183

		16.907508		14.910229				15.915244

								17.908055



(30,10)

(30,10)7bits

(15,5)x2

(15,5)x2 7bits

Eb / No (dB)

SER

0.0185984229

0.0201564138

0.0151735858

0.0437368789

0.0077871916

0.0074329547

0.0071344996

0.022856098

0.0026076979

0.0031872307

0.0030508268

0.0096320555

0.0010736111

0.001104655

0.0011994492

0.0044655616

0.0003127627

0.0003984496

0.0020471667

0.0008320187



Sheet1

				0		1		2		3		4		5		6		7		8		9		10		11		r						r		l						r		l						r		l						r		l						r		l						r		l

		0		0		1		4		9		16		25		36		49		64		81		100		121						0		0		0				25		5		0				50		7		1				75		5		8				100		10		0				125		11		4

		1		3		2		5		10		17		26		37		50		65		82		101		122						1		1		0				26		5		1				51		7		2				76		4		8				101		10		1				126		11		5

		2		8		7		6		11		18		27		38		51		66		83		102		123						2		1		1				27		5		2				52		7		3				77		3		8				102		10		2				127		11		6

		3		15		14		13		12		19		28		39		52		67		84		103		124						3		0		1				28		5		3				53		7		4				78		2		8				103		10		3

		4		24		23		22		21		20		29		40		53		68		85		104		125						4		2		0				29		5		4				54		7		5				79		1		8				104		10		4

		5		35		34		33		32		31		30		41		54		69		86		105		126						5		2		1				30		5		5				55		7		6				80		0		8				105		10		5

		6		48		47		46		45		44		43		42		55		70		87		106		127						6		2		2				31		4		5				56		7		7				81		9		0				106		10		6

		7		63		62		61		60		59		58		57		56		71		88		107		128						7		1		2				32		3		5				57		6		7				82		9		1				107		10		7

		8		80		79		78		77		76		75		74		73		72		89		108								8		0		2				33		2		5				58		5		7				83		9		2				108		10		8

		9		99		98		97		96		95		94		93		92		91		90		109								9		3		0				34		1		5				59		4		7				84		9		3				109		10		9

		10		120		119		118		117		116		115		114		113		112		111		110								10		3		1				35		0		5				60		3		7				85		9		4				110		10		10

		11																														11		3		2				36		6		0				61		2		7				86		9		5				111		9		10

		l																														12		3		3				37		6		1				62		1		7				87		9		6				112		8		10

																																13		2		3				38		6		2				63		0		7				88		9		7				113		7		10

																																14		1		3				39		6		3				64		8		0				89		9		8				114		6		10

																																15		0		3				40		6		4				65		8		1				90		9		9				115		5		10

																																16		4		0				41		6		5				66		8		2				91		8		9				116		4		10

																																17		4		1				42		6		6				67		8		3				92		7		9				117		3		10

																																18		4		2				43		5		6				68		8		4				93		6		9				118		2		10

																																19		4		3				44		4		6				69		8		5				94		5		9				119		1		10

																																20		4		4				45		3		6				70		8		6				95		4		9				120		0		10

																																21		3		4				46		2		6				71		8		7				96		3		9				121		11		0

																																22		2		4				47		1		6				72		8		8				97		2		9				122		11		1

																																23		1		4				48		0		6				73		7		8				98		1		9				123		11		2

																																24		0		4				49		7		0				74		6		8				99		0		9				124		11		3





Sheet2

				(32,10)		(16,5)		2path				(16,5) Bi-Orthogonal code

		2.082743		0.1064						3		0.0142

		4.08542		0.0225						3.5		0.00836

		6.089636		0.002125						4		0.00427

		2.09				0.081				4.5		0.002015

		4.09				0.0263				5		0.000868

		6.09				0.0046				5.5		0.000341

		2.05						0.0728		6		0.000121

		4.05						0.0201		6.5		0.0000344

		6.05						0.0025		7		0.0000073





Sheet2

		0		0		0

		0		0		0

		0		0		0

						0

						0

						0

						0

						0

						0



(32,10)

(16,5)

(16,5) Bi-Orthogonal code

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet3

				current 7bits		Current scheme				Punctured Current scheme		current 7bits punctured						(32,10) 7bits				Proposed scheme						(30,10) 7bits				Punctured proposed scheme

		3.1		0.0132		0.0315		2.72		0.0449		0.0132				3		0.013		3		0.0121				3		0.0186		3		0.0172

		3.6		0.0067		0.0176		3.22		0.02654		0.0067				3.5		0.00635		3.5		0.00694				3.5		0.01005		3.5		0.01

		4.1		0.0037		0.00887		3.72		0.01449		0.0037				4		0.00266		4		0.00312				4		0.00426		4		0.00511

		4.6		0.00174		0.00411		4.22		0.006895		0.00174				4.5		0.00106		4.5		0.00133				4.5		0.00218		4.5		0.002465

		5.1		0.00067		0.001782		4.72		0.003438		0.00067				5		0.00044		5		0.000466				5		0.00084		5		0.001006

		5.6		0.00024		0.000663		5.22		0.001415		0.00024				5.5		0.000146		5.5		0.000143				5.5		0.000296		5.5		0.000421

		6.1		0.000093		0.000225		5.72		0.000517						6		0.00004		6		0.000053				6		0.000081		6		0.000136

		6.6				0.0000665		6.22		0.0001769						6.5		0.0000093333		6.5		0.0000157				6.5		0.0000223333		6.5		0.0000372

										6.72		0.0000251

																3		(32,6)Bi-Orthogonal code

																3.5		0.0103

																4		0.00578

																4.5		0.00248

																5		0.000985

																5.5		0.00031

																6		0.0001

																6.5		0.000027

																		0.000006

				Punctured current 7bits				Punctured Current scheme				Punctured proposed scheme				(30,10) 7bits

		3.2		0.0132		2.72		0.0449		3		0.0172		2.9		0.0186

		3.7		0.0067		3.22		0.02654		3.5		0.01		3.4		0.01005

		4.2		0.0037		3.72		0.01449		4		0.00511		3.9		0.00426

		4.7		0.00174		4.22		0.006895		4.5		0.002465		4.4		0.00218

		5.2		0.00067		4.72		0.003438		5		0.001006		4.9		0.00084

		5.7		0.00024		5.22		0.001415		5.5		0.000421		5.4		0.000296

		6.2		0.000093		5.72		0.000517		6		0.000136		5.9		0.000081

						6.22		0.0001769		6.5		0.0000372		6.4		0.0000223333





Sheet3

		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		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

				0		0		0		0		0		0		0



current 7bits

Current scheme

Punctured Current scheme

(32,10) 7bits

(30,10) 7bits

Proposed scheme

Punctured proposed scheme

(32,6)Bi-Orthogonal code

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

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet4

		0		0		0		1

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

				0		0



current 7bits

(30,10) 7bits

(32,10) 7bits

3.1 3.6 4.1 4.6 5.1 5.6 6.1

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		0		0

		0		0		0		0

		0		0		0		0

				0		0		0



Punctured current 7bits

Punctured Current scheme

Punctured proposed scheme

(30,10) 7bits

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



				(32,10)7bits				(30,10)7bits				(16,5)x2 7bits				(15,5)x2 7bits		(30,10)		30Km/h, 1path		wo/pc		8.925169		0.0185984

		4.908772		0.044425		6.926424		0.0201564138		7.940447		0.0469131169		7.944875		0.0437368789		(30,10)		30Km/h, 1path		wo/pc		10.950248		0.0077872

		6.908772		0.019185		8.952563		0.0074329547		9.951933		0.0259929299		9.947753		0.022856098		(30,10)		30Km/h, 1path		wo/pc		12.914112		0.0026077

		8.908772		0.007791		10.908276		0.0031872307		11.9387		0.0113106818		11.962917		0.0096320555		(30,10)		30Km/h, 1path		wo/pc		14.907615		0.0010736

		10.908771		0.002895		12.909224		0.001104655		13.921384		0.0048944751		13.921183		0.0044655616		(30,10)		30Km/h, 1path		wo/pc		16.907508		0.0003128

		12.908772		0.001051		14.910229		0.0003984496		15.915524		0.0024022062		15.915244		0.0020471667		(15,5)x2		30Km/h, 1path		wo/pc		12.913525		0.0151736

		14.908772		0.000339						17.909228		0.0009367611		17.908055		0.0008320187		(15,5)x2		30Km/h, 1path		wo/pc		14.939876		0.0071345

										19.910859		0.0004003286						(15,5)x2		30Km/h, 1path		wo/pc		16.914902		0.0030508

																		(15,5)x2		30Km/h, 1path		wo/pc		18.904401		0.0011994





		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0				0

								0



(30,10)

(30,10)7bits

(15,5)x2

(15,5)x2 7bits

Eb / No (dB)

SER

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_993989007.vsd
Demux�

(16,5) Reed Muller Code�

TFCI(7-10btis)�

TFCI Code word
with length 32�

Mux�

(16,5) Reed Muller Code�

5btis�

5btis�

16btis�

16btis�


_991218800.unknown

_991218835.unknown

_991218860.unknown

_991218964.unknown

_991218820.unknown

_991218689.unknown

_991218775.unknown

_991218774.unknown

_991218676.unknown

_991217453.unknown

_991217487.unknown

_991218586.unknown

_991217475.unknown

_991217397.unknown

_991217425.unknown

_991217441.unknown

_991210223.unknown

_991210300.unknown

_991210320.unknown

_991210256.unknown

_991210272.unknown

_991210141.unknown

