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1
Introduction

This document intends to give the pros and cons of Blind Rate Detection as described in [1] A.2 annex. It also describes the required overhead to perform a Blind Detection as good as an Explicit Detection.

2
References

[1]. TS 25.212 V2.0.0 :"Multiplexing and Channel Coding (FDD)".

[2]. TSGR1#5(99)689 : “CRC position ”, NTT DoCoMo.

3
CRC requirements for Blind Rate Detection

One can expect from format detection that it provides two types of information: the format of the received frame or the indication that the format is unknown (i.e. impossible to decode properly). From the service point of view, the worst is to declare a format that is different from the one actually received. For example, speech synthesis from a frame that does not contain speech parameters is likely to cause the apparition of noticeable and annoying artefacts. This is what we will call a False Rate Detection in the following. To prevent this kind of effect, simple Blind Rate Detection should provide equivalent or better performances than the explicit detection.

Blind Rate Detection uses two separate criteria to detect a particular rate. One based on the accumulated metrics of the Viterbi decoding algorithm and one using the CRC check. 

Basing the detection on CRC check (i.e. Without any other information) leads to the minimum performance that one receiver can achieve using simple BRD. Two parameters in the use of the CRC are important to reduce the false detection rate. First is the size of the CRC and second is the position of the CRC in the frame.

3.1 CRC position

This problem has already been addressed in [2]. This study concluded that the CRC had to be placed at the end of the frame in the reversed order. With this scheme, the False Detection rate becomes independent to the difference of the rates to be detected. What is not clear from that study is that the false detection rate floor is dependent on the size of the CRC. Simulation results are given in the following 3 figures. These curves show the False Detection rate obtained trying to check the CRC of shorter frames than the one received for a total of 10000 frames. The frame is received with no errors and its size is 160 bits. Curves are given for 3 different CRC sizes: 8, 12 and 16 bits.
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Because the False Detection Rate is now independent of the size of the different frame size to detect, the size of the CRC has to be addressed. This is done in the next section.

3.2 CRC size

The probability to obtain a successful CRC check on a random binary vector is a function of the CRC size N. If the CRC is placed in head or reversed in end position we have the following:


PFD = (2N)-1.

Say that 4 different rates R1, R2, R3 and R4 are being detected in a single transport channel. The 4 possible end bit positions are respectively n1, n2, n3 and n4. So for example, if rate R3 is transmitted, the probability of detecting the other rates is the following :


PFD = P1 + P’1P2 + (P1 + P’1P2)’P3P4
With

P1 is the probability to declare R1 received and P’1 is the complementary.


P1 = PFD(n1)

P2 is the probability to declare R2 received


P2 = PFD(n2)

P3 is the probability of block error on the received frame (neglecting false error detection)

P4 is the probability to declare R4 received


P4 = PFD(n4)

It is important to note that P4 can be reduced by using additional criteria using the Viterbi Algorithm. It is possible to neglect the last term. This false rate detection probability is calculated here for 8, 12 and 16 bits CRC sizes :

N = 8

PFD = 7.8 10-3
N = 12

PFD = 4.9 10-4
N = 16

PFD = 3.0 10-5
Measured False detection over an AWGN channel are depicted in figure 4. The total number of frame is 10000.

As a reference, a normal TFCI using 4 code words (4 combinations C(2,32)) achieves a block error rate inferior to 10-3 in AWGN channel for –1.5 dB and more (Eb/No).

Taking the speech service, rates higher than 10-3 false rate detection rate means that one random frame (TEB = 50%) is decoded every 20 seconds. This doesn’t seem acceptable from the quality point of view. Therefore, BRD requires a 16 bit CRC to achieve good performances.
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4
Pros and Cons of Blind Rate Detection

4.1 Pros

In some cases, the overhead due to the transmission of the TFCI is high compared to data rate available. In particular, when only one traffic channel is present, it is useless to signal it. But in that trivial case, BRD reduces to the CRC check. When only a few combinations of low rates traffic channels, BRD might show a small but not negligible gain. 

4.2 Cons

4.2.1 CRC size

As shown in section 3, among the available CRCs in the UTRAN, the only one showing good performances is of size 16 bits. So, in case where no Frame Error Detection is needed or only detection requiring smaller CRCs, the overhead due to the 16 bit CRC is too high and leads to higher or equal number of bits than the Explicit Detection case.

4.2.2 Fixed Positions, Code Shortage and DTX

Because simple BRD needs to know the starting position of each traffic channel, it implies the use of DTX. This has two major drawbacks. First, it leads to a code shortage since the maximum bit rate is allowed even though not filled with data. Second, even if the use of DTX leads to a decrease in the mean interference signal energy, the repartition in time is not uniform.

4.2.3 Channel coding limitations

Since BRD needs a static channel coding from one rate to the other (same Convolutionnal mother Code, same Rate Matching), using BRD for different rates doesn’t allow to take advantage of the source rate diminution to improve channel coding. An example is given in a companion document dealing with the UTRA support of AMR speech codec.

5
Conclusion

Blind Rate Detection brings some benefits in several cases where the number of traffic channel is low and the overall bit rate is low as well. However, it also implies some overhead due to requirements on the CRC size. Moreover it adds constraints due the fixed positions of the transport channel and to the channel coding limitations. Since the support of the TFCI is mandatory in the UE, there is not a high benefit in using Simple Blind Rate Detection.
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crc 16

		End bit position		head		end		end and reversed

		120		0.00E+00		0.00E+00		1.00E-04

		121		0.00E+00		0.00E+00		0.00E+00

		122		0.00E+00		0.00E+00		0.00E+00

		123		0.00E+00		0.00E+00		0.00E+00

		124		0.00E+00		0.00E+00		0.00E+00

		125		0.00E+00		0.00E+00		0.00E+00

		126		0.00E+00		0.00E+00		0.00E+00

		127		0.00E+00		1.00E-04		0.00E+00

		128		0.00E+00		1.00E-04		0.00E+00

		129		0.00E+00		1.00E-04		0.00E+00

		130		0.00E+00		1.00E-04		0.00E+00

		131		0.00E+00		1.00E-04		0.00E+00

		132		0.00E+00		1.00E-04		0.00E+00

		133		0.00E+00		1.00E-04		0.00E+00

		134		0.00E+00		1.00E-04		0.00E+00

		135		1.00E-04		0.00E+00		1.00E-04

		136		0.00E+00		0.00E+00		0.00E+00

		137		0.00E+00		0.00E+00		0.00E+00

		138		0.00E+00		0.00E+00		0.00E+00

		139		0.00E+00		0.00E+00		0.00E+00

		140		0.00E+00		0.00E+00		0.00E+00

		141		0.00E+00		0.00E+00		0.00E+00

		142		0.00E+00		0.00E+00		0.00E+00

		143		2.00E-04		0.00E+00		0.00E+00

		144		0.00E+00		0.00E+00		0.00E+00

		145		0.00E+00		0.00E+00		0.00E+00

		146		0.00E+00		1.00E-04		0.00E+00

		147		0.00E+00		3.00E-04		0.00E+00

		148		0.00E+00		4.00E-04		1.00E-04

		149		2.00E-04		8.00E-04		0.00E+00

		150		0.00E+00		1.30E-03		0.00E+00

		151		0.00E+00		2.70E-03		0.00E+00

		152		0.00E+00		4.50E-03		0.00E+00

		153		1.00E-04		8.00E-03		0.00E+00

		154		0.00E+00		1.69E-02		0.00E+00

		155		0.00E+00		3.16E-02		0.00E+00

		156		1.00E-04		6.39E-02		0.00E+00

		157		0.00E+00		1.25E-01		0.00E+00

		158		0.00E+00		2.44E-01		1.00E-04

		159		0.00E+00		4.99E-01		0.00E+00

		160		1.00E+00		1.00E+00		1.00E+00

				0.0000170732		0.0243902439		0.0000097561





crc 16
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crc 12

		End bit position		head		end		end and reversed

		120		0.00E+00		2.00E-04		0.00E+00

		121		4.00E-04		5.00E-04		3.00E-04

		122		2.00E-04		4.00E-04		3.00E-04

		123		4.00E-04		5.00E-04		0.00E+00

		124		3.00E-04		2.00E-04		3.00E-04

		125		0.00E+00		5.00E-04		4.00E-04

		126		4.00E-04		4.00E-04		2.00E-04

		127		3.00E-04		3.00E-04		5.00E-04

		128		1.00E-04		4.00E-04		3.00E-04

		129		4.00E-04		2.00E-04		3.00E-04

		130		0.00E+00		1.00E-04		2.00E-04

		131		4.00E-04		3.00E-04		2.00E-04

		132		1.00E-04		4.00E-04		1.00E-04

		133		4.00E-04		2.00E-04		3.00E-04

		134		2.00E-04		4.00E-04		5.00E-04

		135		4.00E-04		4.00E-04		2.00E-04

		136		2.00E-04		4.00E-04		1.00E-04

		137		1.00E-04		4.00E-04		3.00E-04

		138		4.00E-04		4.00E-04		5.00E-04

		139		1.00E-04		5.00E-04		4.00E-04

		140		2.00E-04		3.00E-04		4.00E-04

		141		2.00E-04		2.00E-04		0.00E+00

		142		3.00E-04		1.00E-04		2.00E-04

		143		1.00E-04		2.00E-04		3.00E-04

		144		2.00E-04		2.00E-04		4.00E-04

		145		0.00E+00		4.00E-04		0.00E+00

		146		1.00E-04		2.00E-04		3.00E-04

		147		2.00E-04		4.00E-04		0.00E+00

		148		6.00E-04		2.00E-04		2.00E-04

		149		4.00E-04		2.00E-04		2.00E-04

		150		1.00E-04		4.00E-04		0.00E+00

		151		3.00E-04		1.30E-03		0.00E+00

		152		2.00E-04		2.90E-03		4.00E-04

		153		0.00E+00		7.60E-03		3.00E-04

		154		1.00E-04		1.61E-02		6.00E-04

		155		2.00E-04		3.08E-02		2.00E-04

		156		3.00E-04		6.43E-02		1.00E-04

		157		4.00E-04		1.29E-01		2.00E-04

		158		3.00E-04		2.52E-01		4.00E-04

		159		3.00E-04		5.02E-01		2.00E-04

		160		1.00E+00		1.00E+00		1.00E+00

				0.0002268293		0.0247878049		0.0002390244
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crc 8

		End bit position		head		end		end and reversed

		120		2.90E-03		3.20E-03		4.20E-03

		121		4.50E-03		3.00E-03		2.90E-03

		122		3.00E-03		3.20E-03		3.60E-03

		123		3.30E-03		3.30E-03		4.50E-03

		124		2.80E-03		3.50E-03		3.60E-03

		125		3.50E-03		4.30E-03		3.70E-03

		126		4.00E-03		4.00E-03		3.50E-03

		127		4.80E-03		5.10E-03		3.90E-03

		128		3.60E-03		4.40E-03		3.90E-03

		129		3.50E-03		3.90E-03		3.60E-03

		130		4.10E-03		4.00E-03		3.80E-03

		131		4.10E-03		3.20E-03		3.30E-03

		132		4.00E-03		3.50E-03		4.30E-03

		133		3.90E-03		3.10E-03		3.80E-03

		134		4.40E-03		3.90E-03		3.90E-03

		135		3.90E-03		3.20E-03		4.00E-03

		136		2.80E-03		3.60E-03		3.10E-03

		137		3.80E-03		3.40E-03		3.30E-03

		138		4.80E-03		3.90E-03		4.50E-03

		139		3.80E-03		3.60E-03		4.20E-03

		140		3.50E-03		3.10E-03		3.90E-03

		141		3.30E-03		4.10E-03		4.10E-03

		142		4.70E-03		4.20E-03		3.50E-03

		143		3.50E-03		3.50E-03		4.20E-03

		144		5.00E-03		3.80E-03		3.10E-03

		145		3.10E-03		3.70E-03		4.20E-03

		146		4.50E-03		4.50E-03		4.10E-03

		147		3.50E-03		3.70E-03		4.20E-03

		148		5.50E-03		3.60E-03		3.80E-03

		149		3.40E-03		3.70E-03		4.40E-03

		150		4.80E-03		3.40E-03		4.80E-03

		151		3.40E-03		2.90E-03		3.80E-03

		152		3.90E-03		3.00E-03		4.00E-03

		153		3.50E-03		6.90E-03		2.40E-03

		154		3.60E-03		1.37E-02		4.20E-03

		155		3.40E-03		2.87E-02		3.70E-03

		156		3.70E-03		5.71E-02		4.40E-03

		157		3.40E-03		1.23E-01		4.30E-03

		158		3.10E-03		2.52E-01		3.60E-03

		159		2.50E-03		4.93E-01		4.00E-03

		160		1.00E+00		1.00E+00		1.00E+00

				0.0036780488		0.026702439		0.0037634146
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crc 16

		End bit position		head		end		end and reversed

		120		0.00E+00		0.00E+00		1.00E-04

		121		0.00E+00		0.00E+00		0.00E+00

		122		0.00E+00		0.00E+00		0.00E+00

		123		0.00E+00		0.00E+00		0.00E+00

		124		0.00E+00		0.00E+00		0.00E+00

		125		0.00E+00		0.00E+00		0.00E+00

		126		0.00E+00		0.00E+00		0.00E+00

		127		0.00E+00		1.00E-04		0.00E+00

		128		0.00E+00		1.00E-04		0.00E+00

		129		0.00E+00		1.00E-04		0.00E+00

		130		0.00E+00		1.00E-04		0.00E+00

		131		0.00E+00		1.00E-04		0.00E+00

		132		0.00E+00		1.00E-04		0.00E+00

		133		0.00E+00		1.00E-04		0.00E+00

		134		0.00E+00		1.00E-04		0.00E+00

		135		1.00E-04		0.00E+00		1.00E-04

		136		0.00E+00		0.00E+00		0.00E+00

		137		0.00E+00		0.00E+00		0.00E+00

		138		0.00E+00		0.00E+00		0.00E+00

		139		0.00E+00		0.00E+00		0.00E+00

		140		0.00E+00		0.00E+00		0.00E+00

		141		0.00E+00		0.00E+00		0.00E+00

		142		0.00E+00		0.00E+00		0.00E+00

		143		2.00E-04		0.00E+00		0.00E+00

		144		0.00E+00		0.00E+00		0.00E+00

		145		0.00E+00		0.00E+00		0.00E+00

		146		0.00E+00		1.00E-04		0.00E+00

		147		0.00E+00		3.00E-04		0.00E+00

		148		0.00E+00		4.00E-04		1.00E-04

		149		2.00E-04		8.00E-04		0.00E+00

		150		0.00E+00		1.30E-03		0.00E+00

		151		0.00E+00		2.70E-03		0.00E+00

		152		0.00E+00		4.50E-03		0.00E+00

		153		1.00E-04		8.00E-03		0.00E+00

		154		0.00E+00		1.69E-02		0.00E+00

		155		0.00E+00		3.16E-02		0.00E+00

		156		1.00E-04		6.39E-02		0.00E+00

		157		0.00E+00		1.25E-01		0.00E+00

		158		0.00E+00		2.44E-01		1.00E-04

		159		0.00E+00		4.99E-01		0.00E+00

		160		1.00E+00		1.00E+00		1.00E+00

				0.0000170732		0.0243902439		0.0000097561
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crc 12

		End bit position		head		end		end and reversed

		120		0.00E+00		2.00E-04		0.00E+00

		121		4.00E-04		5.00E-04		3.00E-04

		122		2.00E-04		4.00E-04		3.00E-04

		123		4.00E-04		5.00E-04		0.00E+00

		124		3.00E-04		2.00E-04		3.00E-04

		125		0.00E+00		5.00E-04		4.00E-04

		126		4.00E-04		4.00E-04		2.00E-04

		127		3.00E-04		3.00E-04		5.00E-04

		128		1.00E-04		4.00E-04		3.00E-04

		129		4.00E-04		2.00E-04		3.00E-04

		130		0.00E+00		1.00E-04		2.00E-04

		131		4.00E-04		3.00E-04		2.00E-04

		132		1.00E-04		4.00E-04		1.00E-04

		133		4.00E-04		2.00E-04		3.00E-04

		134		2.00E-04		4.00E-04		5.00E-04

		135		4.00E-04		4.00E-04		2.00E-04

		136		2.00E-04		4.00E-04		1.00E-04

		137		1.00E-04		4.00E-04		3.00E-04

		138		4.00E-04		4.00E-04		5.00E-04

		139		1.00E-04		5.00E-04		4.00E-04

		140		2.00E-04		3.00E-04		4.00E-04

		141		2.00E-04		2.00E-04		0.00E+00

		142		3.00E-04		1.00E-04		2.00E-04

		143		1.00E-04		2.00E-04		3.00E-04

		144		2.00E-04		2.00E-04		4.00E-04

		145		0.00E+00		4.00E-04		0.00E+00

		146		1.00E-04		2.00E-04		3.00E-04

		147		2.00E-04		4.00E-04		0.00E+00

		148		6.00E-04		2.00E-04		2.00E-04

		149		4.00E-04		2.00E-04		2.00E-04

		150		1.00E-04		4.00E-04		0.00E+00

		151		3.00E-04		1.30E-03		0.00E+00

		152		2.00E-04		2.90E-03		4.00E-04

		153		0.00E+00		7.60E-03		3.00E-04

		154		1.00E-04		1.61E-02		6.00E-04

		155		2.00E-04		3.08E-02		2.00E-04

		156		3.00E-04		6.43E-02		1.00E-04

		157		4.00E-04		1.29E-01		2.00E-04

		158		3.00E-04		2.52E-01		4.00E-04

		159		3.00E-04		5.02E-01		2.00E-04

		160		1.00E+00		1.00E+00		1.00E+00

				0.0002268293		0.0247878049		0.0002390244
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crc 8

		End bit position		head		end		end and reversed

		120		2.90E-03		3.20E-03		4.20E-03

		121		4.50E-03		3.00E-03		2.90E-03

		122		3.00E-03		3.20E-03		3.60E-03

		123		3.30E-03		3.30E-03		4.50E-03

		124		2.80E-03		3.50E-03		3.60E-03

		125		3.50E-03		4.30E-03		3.70E-03

		126		4.00E-03		4.00E-03		3.50E-03

		127		4.80E-03		5.10E-03		3.90E-03

		128		3.60E-03		4.40E-03		3.90E-03

		129		3.50E-03		3.90E-03		3.60E-03

		130		4.10E-03		4.00E-03		3.80E-03

		131		4.10E-03		3.20E-03		3.30E-03

		132		4.00E-03		3.50E-03		4.30E-03

		133		3.90E-03		3.10E-03		3.80E-03

		134		4.40E-03		3.90E-03		3.90E-03

		135		3.90E-03		3.20E-03		4.00E-03

		136		2.80E-03		3.60E-03		3.10E-03

		137		3.80E-03		3.40E-03		3.30E-03

		138		4.80E-03		3.90E-03		4.50E-03

		139		3.80E-03		3.60E-03		4.20E-03

		140		3.50E-03		3.10E-03		3.90E-03

		141		3.30E-03		4.10E-03		4.10E-03

		142		4.70E-03		4.20E-03		3.50E-03

		143		3.50E-03		3.50E-03		4.20E-03

		144		5.00E-03		3.80E-03		3.10E-03

		145		3.10E-03		3.70E-03		4.20E-03

		146		4.50E-03		4.50E-03		4.10E-03

		147		3.50E-03		3.70E-03		4.20E-03

		148		5.50E-03		3.60E-03		3.80E-03

		149		3.40E-03		3.70E-03		4.40E-03

		150		4.80E-03		3.40E-03		4.80E-03

		151		3.40E-03		2.90E-03		3.80E-03

		152		3.90E-03		3.00E-03		4.00E-03

		153		3.50E-03		6.90E-03		2.40E-03

		154		3.60E-03		1.37E-02		4.20E-03

		155		3.40E-03		2.87E-02		3.70E-03

		156		3.70E-03		5.71E-02		4.40E-03

		157		3.40E-03		1.23E-01		4.30E-03

		158		3.10E-03		2.52E-01		3.60E-03

		159		2.50E-03		4.93E-01		4.00E-03

		160		1.00E+00		1.00E+00		1.00E+00

				0.0036780488		0.026702439		0.0037634146
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				# False  rate detection on 10000 frames

				16 bits CRC

				Eb/No (dB)		80 bits		160 bits		240 bits		320 bits

				1.5		0		0		0		0

				1.75		0		0		0		1

				2		0		0		0		0

				2.25		0		0		0		0				Eb/No (dB)		16 bit CRC		12 bit CRC		8 bit CRC

				2.5		0		0		0		1				1.5		0		5		93

				2.75		0		0		0		2				1.75		0		6		73

																2		0		6		82

				12 bits CRC												2.25		0		6		98

				Eb/No (dB)		80 bits		160 bits		240 bits		320 bits				2.5		0		6		98

				1.5		0		2		5		8				2.75		0		5		84

				1.75		0		1		6		5

				2		0		1		6		9

				2.25		0		5		6		9

				2.5		0		2		6		2

				2.75		0		5		5		11

				8 bits CRC

				Eb/No (dB)		80 bits		160 bits		240 bits		320 bits

				1.5		2		43		93		114

				1.75		1		32		73		113

				2		3		37		82		111

				2.25		3		51		98		118

				2.5		0		49		98		138

				2.75		0		49		84		127
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16 bit CRC

12 bit CRC

8 bit CRC

Eb/No (in dB)

# false detection

CRC comparison for BRD



Tab

		BRD performance comparison for different CRC sizes

				CRC 16		g(x) = 1+x^5+x^12+x^16

				CRC 12		g(x) = 1+x+x^4+x^8+x^9+x^10+x^11+x^12

				CRC 8		g(x) = 1+x+x^3+x^4+x^7+x^8

		Simulation for rates 80,160,240,320 over 10000 frames with the K=9 1/3 convolutional code of the 3GPP

				FER = Frame Error Rate (i,e, none of the CRCs passes)

				FD# = False detection number ( i,e, number of frames declared as good with a rate different from the one sent)

		CRC 16 bits

		rate ->		80 bits				160 bits				240 bits				320 bits

		Eb/No (dB)		FER (%) 16		FD#		FER (%) 16		FD#		FER (%) 16		FD#		FER (%) 16		FD#

		1.5		3.24		0		6.08		0		9.57		0		12.73		0

		1.75		1.93		0		3.4		0		5.42		0		7.46		1

		2		0.99		0		2.09		0		3.2		0		3.98		0

		2.25		0.53		0		1.16		0		1.51		0		2.06		0

		2.5		0.24		0		0.6		0		0.97		0		0.93		1

		2.75		0.19		0		0.27		0		0.36		0		0.61		2

		CRC 12 bits

		rate ->		80 bits				160 bits				240 bits				320 bits

		Eb/No (dB)		FER (%) 12		FD#		FER (%) 12		FD#		FER (%) 12		FD#		FER (%) 12		FD#

		1.5		2.93		0		5.96		2		9.72		5		12.8		8

		1.75		1.89		0		3.55		1		5.63		6		7.57		5

		2		1.09		0		2.05		1		3.18		6		3.98		9

		2.25		0.55		0		1.19		5		1.63		6		2.15		9

		2.5		0.28		0		0.63		2		1.01		6		0.93		2

		2.75		0.19		0		0.27		5		0.42		5		0.65		11

		CRC 8 bits

		rate ->		80 bits				160 bits				240 bits				320 bits

		Eb/No (dB)		FER (%) 8		FD#		FER (%) 8		FD#		FER (%) 8		FD#		FER (%) 8		FD#

		1.5		2.95		2		6.47		43		10.19		93		13.73		114

		1.75		1.82		1		3.9		32		6.06		73		8.51		113

		2		1		3		2.32		37		3.88		82		5.05		111

		2.25		0.47		3		1.73		51		2.44		98		3.25		118

		2.5		0.26		0		1.14		49		1.94		98		2.3		138

		2.75		0.22		0		0.69		49		1.2		84		1.82		127





80 bits

		Eb/No (dB)		2.93		2.95

		1,5		1.89		1.82

		1,75		1.09		1

		2		0.55		0.47

		2,25		0.28		0.26

		2,5		0.19		0.22



FER (%) 16

FER (%) 12

FER (%) 8

Eb/No

FER (%)

80 bits

3.24

1.93

0.99

0.53

0.24

0.19



160 bits

		Eb/No (dB)		5.96		6.47

		1,5		3.55		3.9

		1,75		2.05		2.32

		2		1.19		1.73

		2,25		0.63		1.14

		2,5		0.27		0.69



FER (%) 16

FER (%) 12

FER (%) 8

Eb/No

FER (%)

160 bits

6.08

3.4

2.09

1.16

0.6

0.27



240 bits

		Eb/No (dB)		9.72		10.19

		1,5		5.63		6.06

		1,75		3.18		3.88

		2		1.63		2.44

		2,25		1.01		1.94

		2,5		0.42		1.2



FER (%) 16

FER (%) 12

FER (%) 8

Eb/No

FER (%)

240 bits

9.57

5.42

3.2

1.51

0.97

0.36



320 bits

		Eb/No (dB)		12.8		13.73

		1,5		7.57		8.51

		1,75		3.98		5.05

		2		2.15		3.25

		2,25		0.93		2.3

		2,5		0.65		1.82



FER (%) 16

FER (%) 12

FER (%) 8

Eb/No

FER (%)

320 bits

12.73

7.46

3.98

2.06

0.93

0.61
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Fig. 2: 12 bits CRC
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crc 16

		End bit position		head		end		end and reversed

		120		0.00E+00		0.00E+00		1.00E-04

		121		0.00E+00		0.00E+00		0.00E+00

		122		0.00E+00		0.00E+00		0.00E+00

		123		0.00E+00		0.00E+00		0.00E+00

		124		0.00E+00		0.00E+00		0.00E+00

		125		0.00E+00		0.00E+00		0.00E+00

		126		0.00E+00		0.00E+00		0.00E+00

		127		0.00E+00		1.00E-04		0.00E+00

		128		0.00E+00		1.00E-04		0.00E+00

		129		0.00E+00		1.00E-04		0.00E+00

		130		0.00E+00		1.00E-04		0.00E+00

		131		0.00E+00		1.00E-04		0.00E+00

		132		0.00E+00		1.00E-04		0.00E+00

		133		0.00E+00		1.00E-04		0.00E+00

		134		0.00E+00		1.00E-04		0.00E+00

		135		1.00E-04		0.00E+00		1.00E-04

		136		0.00E+00		0.00E+00		0.00E+00

		137		0.00E+00		0.00E+00		0.00E+00

		138		0.00E+00		0.00E+00		0.00E+00

		139		0.00E+00		0.00E+00		0.00E+00

		140		0.00E+00		0.00E+00		0.00E+00

		141		0.00E+00		0.00E+00		0.00E+00

		142		0.00E+00		0.00E+00		0.00E+00

		143		2.00E-04		0.00E+00		0.00E+00

		144		0.00E+00		0.00E+00		0.00E+00

		145		0.00E+00		0.00E+00		0.00E+00

		146		0.00E+00		1.00E-04		0.00E+00

		147		0.00E+00		3.00E-04		0.00E+00

		148		0.00E+00		4.00E-04		1.00E-04

		149		2.00E-04		8.00E-04		0.00E+00

		150		0.00E+00		1.30E-03		0.00E+00

		151		0.00E+00		2.70E-03		0.00E+00

		152		0.00E+00		4.50E-03		0.00E+00

		153		1.00E-04		8.00E-03		0.00E+00

		154		0.00E+00		1.69E-02		0.00E+00

		155		0.00E+00		3.16E-02		0.00E+00

		156		1.00E-04		6.39E-02		0.00E+00

		157		0.00E+00		1.25E-01		0.00E+00

		158		0.00E+00		2.44E-01		1.00E-04

		159		0.00E+00		4.99E-01		0.00E+00

		160		1.00E+00		1.00E+00		1.00E+00

				0.0000170732		0.0243902439		0.0000097561
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crc 12

		End bit position		head		end		end and reversed

		120		0.00E+00		2.00E-04		0.00E+00

		121		4.00E-04		5.00E-04		3.00E-04

		122		2.00E-04		4.00E-04		3.00E-04

		123		4.00E-04		5.00E-04		0.00E+00

		124		3.00E-04		2.00E-04		3.00E-04

		125		0.00E+00		5.00E-04		4.00E-04

		126		4.00E-04		4.00E-04		2.00E-04

		127		3.00E-04		3.00E-04		5.00E-04

		128		1.00E-04		4.00E-04		3.00E-04

		129		4.00E-04		2.00E-04		3.00E-04

		130		0.00E+00		1.00E-04		2.00E-04

		131		4.00E-04		3.00E-04		2.00E-04

		132		1.00E-04		4.00E-04		1.00E-04

		133		4.00E-04		2.00E-04		3.00E-04

		134		2.00E-04		4.00E-04		5.00E-04

		135		4.00E-04		4.00E-04		2.00E-04

		136		2.00E-04		4.00E-04		1.00E-04

		137		1.00E-04		4.00E-04		3.00E-04

		138		4.00E-04		4.00E-04		5.00E-04

		139		1.00E-04		5.00E-04		4.00E-04

		140		2.00E-04		3.00E-04		4.00E-04

		141		2.00E-04		2.00E-04		0.00E+00

		142		3.00E-04		1.00E-04		2.00E-04

		143		1.00E-04		2.00E-04		3.00E-04

		144		2.00E-04		2.00E-04		4.00E-04

		145		0.00E+00		4.00E-04		0.00E+00

		146		1.00E-04		2.00E-04		3.00E-04

		147		2.00E-04		4.00E-04		0.00E+00

		148		6.00E-04		2.00E-04		2.00E-04

		149		4.00E-04		2.00E-04		2.00E-04

		150		1.00E-04		4.00E-04		0.00E+00

		151		3.00E-04		1.30E-03		0.00E+00

		152		2.00E-04		2.90E-03		4.00E-04

		153		0.00E+00		7.60E-03		3.00E-04

		154		1.00E-04		1.61E-02		6.00E-04

		155		2.00E-04		3.08E-02		2.00E-04

		156		3.00E-04		6.43E-02		1.00E-04

		157		4.00E-04		1.29E-01		2.00E-04

		158		3.00E-04		2.52E-01		4.00E-04

		159		3.00E-04		5.02E-01		2.00E-04

		160		1.00E+00		1.00E+00		1.00E+00

				0.0002268293		0.0247878049		0.0002390244
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crc 8

		End bit position		head		end		end and reversed

		120		2.90E-03		3.20E-03		4.20E-03

		121		4.50E-03		3.00E-03		2.90E-03

		122		3.00E-03		3.20E-03		3.60E-03

		123		3.30E-03		3.30E-03		4.50E-03

		124		2.80E-03		3.50E-03		3.60E-03

		125		3.50E-03		4.30E-03		3.70E-03

		126		4.00E-03		4.00E-03		3.50E-03

		127		4.80E-03		5.10E-03		3.90E-03

		128		3.60E-03		4.40E-03		3.90E-03

		129		3.50E-03		3.90E-03		3.60E-03

		130		4.10E-03		4.00E-03		3.80E-03

		131		4.10E-03		3.20E-03		3.30E-03

		132		4.00E-03		3.50E-03		4.30E-03

		133		3.90E-03		3.10E-03		3.80E-03

		134		4.40E-03		3.90E-03		3.90E-03

		135		3.90E-03		3.20E-03		4.00E-03

		136		2.80E-03		3.60E-03		3.10E-03

		137		3.80E-03		3.40E-03		3.30E-03

		138		4.80E-03		3.90E-03		4.50E-03

		139		3.80E-03		3.60E-03		4.20E-03

		140		3.50E-03		3.10E-03		3.90E-03

		141		3.30E-03		4.10E-03		4.10E-03

		142		4.70E-03		4.20E-03		3.50E-03

		143		3.50E-03		3.50E-03		4.20E-03

		144		5.00E-03		3.80E-03		3.10E-03

		145		3.10E-03		3.70E-03		4.20E-03

		146		4.50E-03		4.50E-03		4.10E-03

		147		3.50E-03		3.70E-03		4.20E-03

		148		5.50E-03		3.60E-03		3.80E-03

		149		3.40E-03		3.70E-03		4.40E-03

		150		4.80E-03		3.40E-03		4.80E-03

		151		3.40E-03		2.90E-03		3.80E-03

		152		3.90E-03		3.00E-03		4.00E-03

		153		3.50E-03		6.90E-03		2.40E-03

		154		3.60E-03		1.37E-02		4.20E-03

		155		3.40E-03		2.87E-02		3.70E-03

		156		3.70E-03		5.71E-02		4.40E-03

		157		3.40E-03		1.23E-01		4.30E-03

		158		3.10E-03		2.52E-01		3.60E-03

		159		2.50E-03		4.93E-01		4.00E-03

		160		1.00E+00		1.00E+00		1.00E+00

				0.0036780488		0.026702439		0.0037634146
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head

end

end and reversed

End bit position
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