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Introduction

In [1] it is described how the rate matching is calculated dependent on the number of bits to be transmitted on each transport channel. Also the spreading factor of the required physical channels is addressed, which is maximised with respect to the amount of data bits in each frame, whereas the number of required physical channels is minimised.

By changing the transmit power with the change in the number of bits transmitted, the bit error rate approximately will remain constant and the inter-cell interference will be reduced. As an additional advantage, reducing TX power for those TFC with a high repetition rate the battery life could be preserved.

However, up to now it is not specified how the transmit power can be adapted when the spreading factor is changed or when puncturing or repeating of certain bits is applied. 

Therefore, in the following simulation results are presented, which show the effect of spreading on the required bit energy. By evaluating those results, a simple algorithm for changing TX power dependent on the spreading in the current frame is proposed.

Although the same effect has to be considered for FDD as well, the presented results are TDD specific, taking into account the specific burst structure, where both, the midamble and the data parts are always transmitted with the same power level.

Simulation Results

Figure 1 shows the absolute raw bit error rate dependent on the applied repetition factor for the two channel models case 1 and 3, as specified in [2] annex B, compared to an AWGN channel. In all cases, no power control has been applied and the interleaving was set to 20 ms. Furthermore, the repetition factor has been varied over a large range to study the effect on the bit energy.

Since the midamble is a fixed bit pattern and is not subject to spreading, there is a minimum transmit power, which is needed for an error-free channel estimation. As can be seen, there is a clear saturation of the minimum energy for the AWGN channel as well as for the channel model 3, which refers to a vehicular case with a velocity of 120 km/h. For these channels the required Eb/N0 is low enough to reveal the limiting effect of the midamble.

Case 1 refers to an indoor environment, where a strong fading effect appears and therefore, a much higher transmission power is needed. Here, the possible decrease of that power for higher repetition factors is more evident, since the additional redundancy reduces the sensibility to fading. Moreover, the presented results shows that the fading has a stronger effect on the data parts than on the midamble, since the difference in required bit energy between the three channel models becomes lower for very low code rates where the midambles limits the performance.

 To evaluate this behaviour in more detail, in figure 2 the possible decrease of the raw bit energy is depicted again dependent on the spreading factor, but now using a logarithmic scale.

For all three channel models the behaviour is almost linear at low repetition factors. In case of AWGN and case 3, a saturation can be observed at high repetition factors. The highest repetition gain is about 24 dB, which occurs if only one data bit has to be transmitted within a full data burst of 244 bits assuming the maximum spreading factor of 16 and burst type 1. Since for case 1 the begin of the saturation zone is beyond this border of 24 dB, no saturation can be observed.

While the basic behaviour is the same for all three channels considered in this paper, there is a clear difference regarding the total amount of possible power reduction. As can be seen in figure 2, the strongest effect occurs with channel case 1, where a possible reduction of transmit power up to 10 dB can be observed. 
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Figure 1: Required raw Eb/N0 dependent on the code rate for a AWGN channel in comparison to case 1 and 3
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Figure 2: Posible decrease of raw Eb/N0 dependent on the repetition factor for dependent on the channel model

Figure 2: Possible decrease of raw Eb/N0 dependent on the repetition factor for different channel models

Proposal for power adaptation

Figure 3 exhibits the proposed dependency of transmit power P with respect to the applied spreading S. The point (0, 0) refers to that bit energy, needed to transmit a reference TFC with the required BER.

In case of puncturing down to the puncturing limit PL, a linear reduction of power is appropriate as indicated by the curve with a constant slope of 1for S below 1. Since normally PL will be set to a value around 0.8 (-1 dB), this linear approach is justified, since in this range no degradation of the performance due to puncturing could be observed.

As outlined before, repetition is needed to be changed in a much wider range than puncturing. Therefore, we propose a non-linear behaviour in this region, which can be realised e.g. by a simple algebraic equation  Starting with a slope of 1 at the reference point (0,0), the function and with it the decrease of TX power should saturate as the repetition goes to infinity.

In comparison to a possible alternative solution, which would be to simply define a look-up-table including (P in certain steps depending on spreading, the proposed functional description has the advantage of very low signalling overhead, in order to adapt the algorithm to different channel behaviour. In this case, only one parameter ((Pmin) has to be signalled to each mobile, whereas the alternative solution would require the transmission of a whole table. 

In any case, for the actual adaptation of TX power, a step function is applied, which guarantees that the power changes exhibit a predefined granularity. 
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Figure 3: Proposal for changing the transmit power dependent on the applied spreading

Conclusion

In this paper, simulation results are presented, which exhibit the clear advantages of adapting the transmit power with respect to the spreading. Based on these results, a simple scheme for power adaptation is presented, which can be adapted to different channels with low signalling overhead. By applying the proposed algorithm, a reduction of TX power up to 10 dB can be achieved.
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		0.05		10		10		6.67		8.239		-6.6102999566		4.20E+00		-6.6602999566		2.74E+00		1.5897000434		5.10E+00		0.8897000434		4.44E+00		-2.8602999566		4.70E+00		-2.9102999566		3.24E+00

		0.1		5		6.9897000434		3.33		5.229		-5.85		3.44E+00		-6.1		2.18E+00		3.05		3.64E+00		2.5		2.83E+00		-1.8		3.64E+00		-2.2		2.53E+00

		0.16		3.125		4.9485002168		2.08		3.188		-5.4588001734		3.05E+00		-5.5588001734		1.64E+00		4.3411998266		2.35E+00		4.2411998266		1.09E+00		-1.0088001734		2.85E+00		-1.2088001734		1.54E+00

		0.22		2.2727272727		3.5654732351		1.52		1.805		-4.6757731918		2.27E+00		-4.9757731918		1.05E+00		4.9742268082		1.72E+00		4.8242268082		5.04E-01		-0.4257731918		2.27E+00		-0.6757731918		1.00E+00

		0.29		1.72413793		2.3657200644		1.15		0.605		-4.126020021		1.72E+00		-4.326020021		4.04E-01		5.623979979		1.07E+00		5.123979979		2.04E-01		0.373979979		1.47E+00		0.043979979		2.84E-01		0.9120

		0.3333		1.50015002		1.7613469068		1.00		0.000		-3.5716468634		1.16E+00		-3.9216468634		0.00E+00		5.7283531366		9.61E-01		5.3283531366		0.00E+00		0.8283531366		1.01E+00		0.3283531366		0.00E+00		0.9226

		0.38		1.31578947		1.1918640772		0.88		-0.569		-3.1021640338		6.92E-01		-3.3521640338				6.0978359662		5.92E-01		5.6978359662				0.9978359662		8.42E-01		0.5478359662				0.9441

		0.42		1.19047619		0.7572071394		0.79		-1.004		-2.867507096		4.57E-01		-3.017507096				6.332492904		3.57E-01		6.132492904				1.332492904		5.07E-01		0.982492904				0.9886

		0.46		1.08695652		0.3621217265		0.72		-1.399		-2.5724216832		1.62E-01		-2.6724216832				6.4275783168		2.62E-01		6.4275783168				1.4275783168		4.12E-01		1.1275783168				1.0116

		0.5		1.00000000		0		0.67		-1.761		-2.4102999566		0.00E+00		-2.2602999566				6.6897000434		0.00E+00		6.6897000434				1.8397000434		0.00E+00		1.8397000434				1.0593

		0.54		0.92592593		-0.3342375549		0.62		-2.095		-1.9760624018				-1.7760624018				6.9239375982				7.0239375982				2.1739375982				2.2239375982				1.0351

		0.58		0.86206897		-0.6445798923		0.57		-2.405		-1.5157200644				-1.4157200644				7.2342799356				7.3342799356				2.4342799356				2.7842799356				1.0000

												AWGN (1/2)				AWGN (1/3)				Case 1 (1/2)				Case 1 (1/3)				Case 3 (1/2)				Case 3 (1/3)

		coderate		repetition (1/2)		repetition (1/2) [dB]		repetition (1/3)		repetition (1/3) [dB]		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain

		0.00416		120.19230769		20.7987667371		80.13		19.038		15.45				15.5				21.55				21.2				18				18.4

		0.0125		40.00000000		16.0205999133		26.67		14.260		11.1				11				18.8				18.15				14.2				14.1

		0.05		10.00000000		10		6.67		8.239		6.4				6.35				14.6				13.9				10.15				10.1

		0.1		5.00000000		6.9897000434		3.33		5.229		4.15				3.9				13.05				12.5				8.2				7.8

		0.16		3.12500000		4.9485002168		2.08		3.188		2.5				2.4				12.3				12.2				6.95				6.75

		0.22		2.27272727		3.5654732351		1.52		1.805		1.9				1.6				11.55				11.4				6.15				5.9

		0.29		1.72413793		2.3657200644		1.15		0.605		1.25E+00				1.05E+00				11				10.5				5.75				5.42

		0.3333		1.50015002		1.7613469068		1.00		0.000		1.20E+00				8.50E-01		0.00E+00		10.5				10.1		0.00E+00		5.6				5.1		0.00E+00

		0.38		1.31578947		1.1918640772		0.88		-0.569		1.10E+00				8.50E-01		0.00E+00		10.3				9.9		-2.00E-01		5.2				4.75		-3.50E-01

		0.42		1.19047619		0.7572071394		0.79		-1.004		9.00E-01				7.50E-01		-1.00E-01		10.1				9.9		-2.00E-01		5.1				4.75		-3.50E-01

		0.46		1.08695652		0.3621217265		0.72		-1.399		8.00E-01				7.00E-01		-1.50E-01		9.8				9.8		-3.00E-01		4.8				4.5		-6.00E-01

		0.5		1.00000000		0		0.67		-1.761		6.00E-01		0.00E+00		7.50E-01		-1.00E-01		9.7		0.00E+00		9.7		-4.00E-01		4.85		0.00E+00		4.85		-2.50E-01

		0.54		0.92592593		-0.3342375549		0.62		-2.095		7.00E-01		1.00E-01		9.00E-01		5.00E-02		9.6		-1.00E-01		9.7		-4.00E-01		4.85		0.00E+00		4.9		-2.00E-01

		0.58		0.86206897		-0.6445798923		0.57		-2.405		0.85		2.50E-01		0.95		1.00E-01		9.6		-1.00E-01		9.7		-4.00E-01		4.8		-5.00E-02		5.15		5.00E-02
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Diagramm1

		0.00416		0.00416		0.00416		0.00416		0.00416		0.00416

		0.0125		0.0125		0.0125		0.0125		0.0125		0.0125

		0.05		0.05		0.05		0.05		0.05		0.05

		0.1		0.1		0.1		0.1		0.1		0.1

		0.16		0.16		0.16		0.16		0.16		0.16

		0.22		0.22		0.22		0.22		0.22		0.22

		0.29		0.29		0.29		0.29		0.29		0.29

		0.3333		0.3333		0.3333		0.3333		0.3333		0.3333

		0.38		0.38		0.38		0.38		0.38		0.38

		0.42		0.42		0.42		0.42		0.42		0.42

		0.46		0.46		0.46		0.46		0.46		0.46

		0.5		0.5		0.5		0.5		0.5		0.5

		0.54		0.54		0.54		0.54		0.54		0.54

		0.58		0.58		0.58		0.58		0.58		0.58



awgn(1/2)

awgn(1/3)

case1(1/2)

case1(1/3)

case3(1/2)

case3(1/3)

code rate

Eb/N0(raw) [dB]

-8.3590666937

-8.3090666937

-2.2590666937

-2.6090666937

-5.8090666937

-5.4090666937

-7.9308998699

-8.0308998699

-0.2308998699

-0.8808998699

-4.8308998699

-4.9308998699

-6.6102999566

-6.6602999566

1.5897000434

0.8897000434

-2.8602999566

-2.9102999566

-5.85

-6.1

3.05

2.5

-1.8

-2.2

-5.4588001734

-5.5588001734

4.3411998266

4.2411998266

-1.0088001734

-1.2088001734

-4.6757731918

-4.9757731918

4.9742268082

4.8242268082

-0.4257731918

-0.6757731918

-4.126020021

-4.326020021

5.623979979

5.123979979

0.373979979

0.043979979

-3.5716468634

-3.9216468634

5.7283531366

5.3283531366

0.8283531366

0.3283531366

-3.1021640338

-3.3521640338

6.0978359662

5.6978359662

0.9978359662

0.5478359662

-2.867507096

-3.017507096

6.332492904

6.132492904

1.332492904

0.982492904

-2.5724216832

-2.6724216832

6.4275783168

6.4275783168

1.4275783168

1.1275783168

-2.4102999566

-2.2602999566

6.6897000434

6.6897000434

1.8397000434

1.8397000434

-1.9760624018

-1.7760624018

6.9239375982

7.0239375982

2.1739375982

2.2239375982

-1.5157200644

-1.4157200644

7.2342799356

7.3342799356

2.4342799356

2.7842799356



awgn

				MC 1/2				MC 1/3				MC 1/2				MC 1/3		coderate				MC 1/2				MC 1/3		MC 1/3		MC 1/2		repetition 1/2		Rc 1/2		Rc 1/3

		0.29		1.25E+00		0.29		1.05E+00		0.29		-4.13E+00		0.29		-4.33E+00		0.58		0		0.00E+00		0		0.00E+00						2.3657200644		-1.72E+00		0.5611594198		-2.61E-01

		0.33		1.20E+00		0.33		8.50E-01		0.33		-3.56E+00		0.33		-4.06E+00		0.54		0.31		4.64E-01		0.31		5.14E-01		1.66E+00		1.50E+00		1.8045606446		-1.15E+00		0		0.00E+00

		0.38		1.10E+00		0.38		8.50E-01		0.38		-3.10E+00		0.38		-3.35E+00		0.5		0.64		8.94E-01		0.64		8.44E-01		1.32E+00		1.40E+00		1.1918640772		-6.92E-01

		0.42		9.00E-01		0.42		7.50E-01		0.42		-2.87E+00		0.42		-3.02E+00		0.46		1.006		1.05E+00		1.006		1.25E+00		1.25E+00		1.05E+00		0.7572071394		-4.57E-01

		0.46		8.00E-01		0.46		7.00E-01		0.46		-2.57E+00		0.46		-2.67E+00		0.42		1.402		1.35E+00		1.402		1.60E+00		1.14E+00		9.66E-01		0.3621217265		-1.62E-01

		0.5		6.00E-01		0.5		7.50E-01		0.5		-2.41E+00		0.5		-2.26E+00		0.38		1.84		1.58E+00		1.84		1.93E+00		1.05E+00		8.61E-01		0		0.00E+00

		0.54		7.00E-01		0.54		9.00E-01		0.54		-1.98E+00		0.54		-1.93E+00		0.33		2.45		2.04E+00		2.45		2.64E+00		1.08E+00		8.34E-01

		0.58		0.85		0.58		0.95		0.58		-1.51572006		0.58		-1.415720006		0.29		3.01		2.61E+00		3.01		2.9143		9.68E-01		8.69E-01
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AWGN
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		0		0

		0		0

		0		0

		0		0

		0		0



MC 1/2

MC 1/3

coderate (Rc)

Eb/N0 (@ userBER 10E-3) [dB]

AWGN

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Tabelle1

		0.58		0.58

		0.54		0.54

		0.5		0.5

		0.46		0.46

		0.42		0.42

		0.38		0.38

		0.33		0.33

		0.29		0.29



MC 1/3

MC 1/2

coderate

slope

AWGN

1.6590322581

1.4977419355

1.31921875

1.39734375

1.2468190855

1.0480119284

1.1442938659

0.9659771755

1.05125

0.8610326087

1.0793061224

0.8344081633

0.9682059801

0.868538206



overall

		0

		0

		0

		0

		0

		0



Rc 1/2

repetition [dB]

delta Eb/No(raw)

0

0

0

0

0

0



		Code Rate = 0.5		Eb/N0 (userBER)		Code Rate 0.33		Eb/N0 (userBER)						MC 1/2				MC 1/3						MC 1/2				MC 1/3		MC 1/2		MC 1/3

		0.29		11		0.29		10.5				0.58		7.234279936		0.58		7.334279936		3.0102999566		0		0		0		0

		0.33		10.5		0.33		10.1				0.54		6.923937598		0.54		7.023937598		2.4491405369		0.31		0.3103		0.31		0.3103		1.0009677419		1.0009677419

		0.38		10.3		0.38		9.9				0.5		6.689700043		0.5		6.689700043		1.8364439695		0.64		0.445		0.64		0.6445		0.6953125		1.00703125

		0.42		10.1		0.42		9.9				0.46		6.427578317		0.46		6.427578317		1.4017870317		1.006		0.8067		1.006		0.9067		0.801888668		0.9012922465

		0.46		9.8		0.46		9.8				0.42		6.332492904		0.42		6.132492904		1.0067016188		1.402		0.9018		1.402		1.2018		0.6432239658		0.8572039943

		0.5		9.7		0.5		9.7				0.38		6.097835966		0.38		5.697835966		0.6445798923		1.84		1.1364		1.84		1.6364		0.6176086957		0.8893478261

		0.54		9.6		0.54		9.7				0.33		5.685139399		0.33		5.285139399		0.3103423374		2.45		1.5491		2.45		2.0491		0.6322857143		0.8363673469

		0.58		9.6		0.58		9.7				0.29		5.623979979		0.29		5.1239799979		0		3.01		1.6103		3.01		2.2103		0.5349833887		0.7343189369





		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



MC 1/2

MC 1/3

coderate (Rc)

Eb/N0 (@ userBER 10E-3) [dB]

Case 1 (3 km/h)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0

		0.31		0.31

		0.64		0.64

		1.006		1.006

		1.402		1.402

		1.84		1.84

		2.45		2.45

		3.01		3.01



MC 1/3

MC 1/2

coderate reduction [dB]

Eb/N0(raw) decrease [dB]

0

0

0.3103

0.3103

0.6445

0.445

0.9067

0.8067

1.2018

0.9018

1.6364

1.1364

2.0491

1.5491

2.2103

1.6103



		0.58		0.58

		0.54		0.54

		0.5		0.5

		0.46		0.46

		0.42		0.42

		0.38		0.38

		0.33		0.33

		0.29		0.29



MC 1/2

MC 1/3

coderate

Eb/N0(raw) [dB]

Case 1 (3km/h)

7.234279936

7.334279936

6.923937598

7.023937598

6.689700043

6.689700043

6.427578317

6.427578317

6.332492904

6.132492904

6.097835966

5.697835966

5.685139399

5.285139399

5.623979979

5.1239799979



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



MC 1/2

MC 1/3

coderate

slope

Case 1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		Code Rate 1/2		Eb/N0 (userBER)		Code Rate 1/3		Eb/N0 (userBER)				MC 1/2				MC 1/3		coderate		delta coderate [dB]		MC 1/2		MC 1/3				MC 1/2				MC 1/3		MC 1/2		MC 1/3

		0.29		5.75		0.29		5.42		0.29		0.373979979		0.29		0.043979979		0.58		0.000		0		0		0.29		5.75		0.29		5.42

		0.33		5.6		0.33		5.2		0.33		0.785139398		0.33		0.385139398		0.54		0.310		0.4103		0.5603		0.33		5.6		0.33		5.1		1.3220883861		1.8054255977

		0.38		5.2		0.38		4.75		0.38		0.997835966		0.38		0.547835966		0.5		0.645		0.5945		0.9445		0.38		5.2		0.38		4.75		0.9223061519		1.4652954759

		0.42		5.1		0.42		4.75		0.42		1.332492904		0.42		0.982492904		0.46		1.007		1.0067		1.6567		0.42		5.1		0.42		4.75		0.999998392		1.645671338

		0.46		4.8		0.46		4.5		0.46		1.427578317		0.46		1.127578317		0.42		1.402		1.1018		1.8018		0.46		4.8		0.46		4.5		0.7859967136		1.2853593016

		0.5		4.85		0.5		4.85		0.5		1.839700043		0.5		1.839700043		0.38		1.836		1.4364		2.2364		0.5		4.85		0.5		4.85		0.7821638035		1.2177883111

		0.54		4.7		0.54		4.9		0.54		2.023937598		0.54		2.223937598		0.33		2.449		1.6451		2.3991		0.54		4.85		0.54		4.9		0.6717050227		0.9795681236

		0.58		4.8		0.58		5.15		0.58		2.434279936		0.58		2.784279936		0.29		3.010		2.0603		2.7403		0.58		4.8		0.58		5.15		0.6844168454		0.9103079558





		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



MC 1/3

MC 1/2

coderate reduction [dB]

Eb/N0(raw) decrease [dB]

Case 3 (120 km/h)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0.29		0.29

		0.33		0.33

		0.38		0.38

		0.42		0.42

		0.46		0.46

		0.5		0.5

		0.54		0.54

		0.58		0.58



MC 1/2

MC 1/3

coderate

Eb/N0(raw) [dB]

Case3 (120km/h)

0.373979979

0.043979979

0.785139398

0.385139398

0.997835966

0.547835966

1.332492904

0.982492904

1.427578317

1.127578317

1.839700043

1.839700043

2.023937598

2.223937598

2.434279936

2.784279936



		0.29		0.29

		0.33		0.33

		0.38		0.38

		0.42		0.42

		0.46		0.46

		0.5		0.5

		0.54		0.54

		0.58		0.58



MC 1/2

MC 1/3

coderate (Rc)

Eb/N0 (@ userBER 10E-3) [dB]

Case 3 (120 km/h)

5.75

5.42

5.6

5.1

5.2

4.75

5.1

4.75

4.8

4.5

4.85

4.85

4.85

4.9

4.8

5.15



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



MC 1/2

MC 1/3

coderate

slope

Case 3 (120 km/h)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		





												AWGN (1/2)				AWGN (1/3)				Case 1 (1/2)				Case 1 (1/3)				Case 3 (1/2)				Case 3 (1/3)				slope AWGN (1/2)

		coderate		repetition (1/2)		repetition 1/2[dB]		repetition (1/3)		repetition 1/3[dB]		Eb/No raw (1/2)		rep gain (Eb/N0 (raw))		Eb/No raw (1/3)		rep gain (Eb/N0 (raw))		Eb/No raw (1/2)		rep gain (Eb/N0 (raw))		Eb/No raw (1/3)		rep gain (Eb/N0 (raw))		Eb/No raw (1/2)		rep gain (Eb/N0 (raw))		Eb/No raw (1/3)		rep gain (Eb/N0 (raw))

		0.00416		120.1923076923		20.7987667371		80.13		19.038		-8.3590666937		5.95E+00		-8.3090666937		4.39E+00		-2.2590666937		8.95E+00		-2.6090666937		7.94E+00		-5.8090666937		7.65E+00		-5.4090666937		5.74E+00

		0.0125		40		16.0205999133		26.67		14.260		-7.9308998699		5.52E+00		-8.0308998699		4.11E+00		-0.2308998699		6.92E+00		-0.8808998699		6.21E+00		-4.8308998699		6.67E+00		-4.9308998699		5.26E+00

		0.05		10		10		6.67		8.239		-6.6102999566		4.20E+00		-6.6602999566		2.74E+00		1.5897000434		5.10E+00		0.8897000434		4.44E+00		-2.8602999566		4.70E+00		-2.9102999566		3.24E+00

		0.1		5		6.9897000434		3.33		5.229		-5.85		3.44E+00		-6.1		2.18E+00		3.05		3.64E+00		2.5		2.83E+00		-1.8		3.64E+00		-2.2		2.53E+00

		0.16		3.125		4.9485002168		2.08		3.188		-5.4588001734		3.05E+00		-5.5588001734		1.64E+00		4.3411998266		2.35E+00		4.2411998266		1.09E+00		-1.0088001734		2.85E+00		-1.2088001734		1.54E+00

		0.22		2.2727272727		3.5654732351		1.52		1.805		-4.6757731918		2.27E+00		-4.9757731918		1.05E+00		4.9742268082		1.72E+00		4.8242268082		5.04E-01		-0.4257731918		2.27E+00		-0.6757731918		1.00E+00

		0.29		1.72413793		2.3657200644		1.15		0.605		-4.126020021		1.72E+00		-4.326020021		4.04E-01		5.623979979		1.07E+00		5.123979979		2.04E-01		0.373979979		1.47E+00		0.043979979		2.84E-01		0.9120

		0.3333		1.50015002		1.7613469068		1.00		0.000		-3.5716468634		1.16E+00		-3.9216468634		0.00E+00		5.7283531366		9.61E-01		5.3283531366		0.00E+00		0.8283531366		1.01E+00		0.3283531366		0.00E+00		0.9226

		0.38		1.31578947		1.1918640772		0.88		-0.569		-3.1021640338		6.92E-01		-3.3521640338				6.0978359662		5.92E-01		5.6978359662				0.9978359662		8.42E-01		0.5478359662				0.9441

		0.42		1.19047619		0.7572071394		0.79		-1.004		-2.867507096		4.57E-01		-3.017507096				6.332492904		3.57E-01		6.132492904				1.332492904		5.07E-01		0.982492904				0.9886

		0.46		1.08695652		0.3621217265		0.72		-1.399		-2.5724216832		1.62E-01		-2.6724216832				6.4275783168		2.62E-01		6.4275783168				1.4275783168		4.12E-01		1.1275783168				1.0116

		0.5		1.00000000		0		0.67		-1.761		-2.4102999566		0.00E+00		-2.2602999566				6.6897000434		0.00E+00		6.6897000434				1.8397000434		0.00E+00		1.8397000434				1.0593

		0.54		0.92592593		-0.3342375549		0.62		-2.095		-1.9760624018				-1.7760624018				6.9239375982				7.0239375982				2.1739375982				2.2239375982				1.0351

		0.58		0.86206897		-0.6445798923		0.57		-2.405		-1.5157200644				-1.4157200644				7.2342799356				7.3342799356				2.4342799356				2.7842799356				1.0000

												AWGN (1/2)				AWGN (1/3)				Case 1 (1/2)				Case 1 (1/3)				Case 3 (1/2)				Case 3 (1/3)

		coderate		repetition (1/2)		repetition (1/2) [dB]		repetition (1/3)		repetition (1/3) [dB]		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain		Eb/No		punc gain

		0.00416		120.19230769		20.7987667371		80.13		19.038		15.45				15.5				21.55				21.2				18				18.4

		0.0125		40.00000000		16.0205999133		26.67		14.260		11.1				11				18.8				18.15				14.2				14.1

		0.05		10.00000000		10		6.67		8.239		6.4				6.35				14.6				13.9				10.15				10.1

		0.1		5.00000000		6.9897000434		3.33		5.229		4.15				3.9				13.05				12.5				8.2				7.8

		0.16		3.12500000		4.9485002168		2.08		3.188		2.5				2.4				12.3				12.2				6.95				6.75

		0.22		2.27272727		3.5654732351		1.52		1.805		1.9				1.6				11.55				11.4				6.15				5.9

		0.29		1.72413793		2.3657200644		1.15		0.605		1.25E+00				1.05E+00				11				10.5				5.75				5.42

		0.3333		1.50015002		1.7613469068		1.00		0.000		1.20E+00				8.50E-01		0.00E+00		10.5				10.1		0.00E+00		5.6				5.1		0.00E+00

		0.38		1.31578947		1.1918640772		0.88		-0.569		1.10E+00				8.50E-01		0.00E+00		10.3				9.9		-2.00E-01		5.2				4.75		-3.50E-01

		0.42		1.19047619		0.7572071394		0.79		-1.004		9.00E-01				7.50E-01		-1.00E-01		10.1				9.9		-2.00E-01		5.1				4.75		-3.50E-01

		0.46		1.08695652		0.3621217265		0.72		-1.399		8.00E-01				7.00E-01		-1.50E-01		9.8				9.8		-3.00E-01		4.8				4.5		-6.00E-01

		0.5		1.00000000		0		0.67		-1.761		6.00E-01		0.00E+00		7.50E-01		-1.00E-01		9.7		0.00E+00		9.7		-4.00E-01		4.85		0.00E+00		4.85		-2.50E-01

		0.54		0.92592593		-0.3342375549		0.62		-2.095		7.00E-01		1.00E-01		9.00E-01		5.00E-02		9.6		-1.00E-01		9.7		-4.00E-01		4.85		0.00E+00		4.9		-2.00E-01

		0.58		0.86206897		-0.6445798923		0.57		-2.405		0.85		2.50E-01		0.95		1.00E-01		9.6		-1.00E-01		9.7		-4.00E-01		4.8		-5.00E-02		5.15		5.00E-02





		2.3657200644		0.6048074738		2.3657200644		0.6048074738		2.3657200644		0.6048074738

		1.7613469068		0.0004343162		1.7613469068		0.0004343162		1.7613469068		0.0004343162

		1.1918640772				1.1918640772				1.1918640772

		0.7572071394				0.7572071394				0.7572071394

		0.3621217265				0.3621217265				0.3621217265

		0				0				0



AWGN (1/2)

AWGN (1/3)

Case 1 (1/2)

Case 1 (1/3)

Case 3 (1/2)

Case 3 (1/3)

repetition factor [dB]

decrease of req. Eb/No(raw) [dB]

What brings repetition ?

1.7157200644

0.4043731576

1.0657200644

0.2043731576

1.4657200644

0.2843731576

1.1613469068

0

0.9613469068

0

1.0113469068

0

0.6918640772

0.5918640772

0.8418640772

0.4572071394

0.3572071394

0.5072071394

0.1621217265

0.2621217265

0.4121217265

0

0

0



		0		0.0004343162		0		0.0004343162		0		0.0004343162

		-0.3342375549		-0.5690485134		-0.3342375549		-0.5690485134		-0.3342375549		-0.5690485134

		-0.6445798923		-1.0037054512		-0.6445798923		-1.0037054512		-0.6445798923		-1.0037054512

				-1.398790864				-1.398790864				-1.398790864

				-1.7609125906				-1.7609125906				-1.7609125906

				-2.0951501454				-2.0951501454				-2.0951501454

				-2.4054924828				-2.4054924828				-2.4054924828



AWGN (1/2)

AWGN (1/3)

Case 1 (1/2)

Case 1 (1/3)

Case 3 (1/2)

Case 3 (1/3)

puncturing [dB]

change of Eb/No [dB]

energy balance in case of punctering

0

0

0

0

0

0

0.1

0

-0.1

-0.2

0

-0.35

0.25

-0.1

-0.1

-0.2

-0.05

-0.35

-0.15

-0.3

-0.6

-0.1

-0.4

-0.25

0.05

-0.4

-0.2

0.1

-0.4

0.05



		0.29		0.29		0.29		0.29		0.29		0.29

		0.3333		0.3333		0.3333		0.3333		0.3333		0.3333

		0.38		0.38		0.38		0.38		0.38		0.38

		0.42		0.42		0.42		0.42		0.42		0.42

		0.46		0.46		0.46		0.46		0.46		0.46

		0.5		0.5		0.5		0.5		0.5		0.5

		0.54		0.54		0.54		0.54		0.54		0.54

		0.58		0.58		0.58		0.58		0.58		0.58



AWGN (1/2)

AWGN (1/3)

Case 1 (1/2)

Case 1 (1/3)

Case 3 (1/2)

Case 3 (1/3)

coderate

Eb/No [dB]

Needed energy per information bit

1.25

1.05

11

10.5

5.75

5.42

1.2

0.85

10.5

10.1

5.6

5.1

1.1

0.85

10.3

9.9

5.2

4.75

0.9

0.75

10.1

9.9

5.1

4.75

0.8

0.7

9.8

9.8

4.8

4.5

0.6

0.75

9.7

9.7

4.85

4.85

0.7

0.9

9.6

9.7

4.85

4.9

0.85

0.95

9.6

9.7

4.8

5.15



		4.9485002168		3.1875876262		4.9485002168		3.1875876262		4.9485002168		3.1875876262

		3.5654732351		1.8045606446		3.5654732351		1.8045606446		3.5654732351		1.8045606446

		2.3657200644		0.6048074738		2.3657200644		0.6048074738		2.3657200644		0.6048074738

		1.7613469068		0.0004343162		1.7613469068		0.0004343162		1.7613469068		0.0004343162

		1.1918640772				1.1918640772				1.1918640772

		0.7572071394				0.7572071394				0.7572071394

		0.3621217265				0.3621217265				0.3621217265

		0				0				0



awgn(1/2)

awgn(1/3)

case1(1/2)

case1(1/3)

case3 (1/2)

case3(1/3)

repetition factor [dB]

decrease of req. Eb/N0(raw) [dB]

what brings repetition  ?

3.0485002168

1.63715331

2.3485002168

1.08715331

2.8485002168

1.53715331

2.2654732351

1.0541263284

1.7154732351

0.5041263284

2.2654732351

1.0041263284

1.7157200644

0.4043731576

1.0657200644

0.2043731576

1.4657200644

0.2843731576

1.1613469068

0

0.9613469068

0

1.0113469068

0

0.6918640772

0.5918640772

0.8418640772

0.4572071394

0.3572071394

0.5072071394

0.1621217265

0.2621217265

0.4121217265

0

0

0



		10		8.2390874094		10		8.2390874094		10		8.2390874094

		6.9897000434		5.2287874528		6.9897000434		5.2287874528		6.9897000434		5.2287874528

		4.9485002168		3.1875876262		4.9485002168		3.1875876262		4.9485002168		3.1875876262

		3.5654732351		1.8045606446		3.5654732351		1.8045606446		3.5654732351		1.8045606446

		2.3657200644		0.6048074738		2.3657200644		0.6048074738		2.3657200644		0.6048074738

		1.7613469068		0.0004343162		1.7613469068		0.0004343162		1.7613469068		0.0004343162

		1.1918640772				1.1918640772				1.1918640772

		0.7572071394				0.7572071394				0.7572071394

		0.3621217265				0.3621217265				0.3621217265

		0				0				0



awgn(1/2)

awgn(1/3)

case1(1/2)

case1(1/3)

case3(1/2)

case3(1/3)

repetition factor [dB]

decrease of req. Eb/N0(raw) [dB]

what brings  repetition ?

4.2

2.7386530932

5.1

4.4386530932

4.7

3.2386530932

3.4397000434

2.1783531366

3.6397000434

2.8283531366

3.6397000434

2.5283531366

3.0485002168

1.63715331

2.3485002168

1.08715331

2.8485002168

1.53715331

2.2654732351

1.0541263284

1.7154732351

0.5041263284

2.2654732351

1.0041263284

1.7157200644

0.4043731576

1.0657200644

0.2043731576

1.4657200644

0.2843731576

1.1613469068

0

0.9613469068

0

1.0113469068

0

0.6918640772

0.5918640772

0.8418640772

0.4572071394

0.3572071394

0.5072071394

0.1621217265

0.2621217265

0.4121217265

0

0

0



		16.0205999133

		10

		6.9897000434

		4.9485002168

		3.5654732351

		2.3657200644

		1.7613469068

		1.1918640772

		0.7572071394

		0.3621217265

		0



case3(1/2)

repetition factor [dB]

decrease of req. Eb/N0(raw) [dB]

6.6705999133

4.7

3.6397000434

2.8485002168

2.2654732351

1.4657200644

1.0113469068

0.8418640772

0.5072071394

0.4121217265

0



		



awgn(1/2)

awgn(1/3)

case1(1/2)

case1(1/3)

case3(1/2)

case3(1/3)

repetition factor [dB]

decrease of req. Eb/N0(raw) [dB]

What brings repetition ?



		



awgn(1/2)

awgn(1/3)

case1(1/2)

case1(1/3)

case3(1/2)

case3(1/3)

code rate

Eb/N0(raw) [dB]

AWGN / case1 / case3




