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TFCI Coding for FLO

1. Introduction

A Flexible Layer One (FLO) based on the same principles that are used in UTRAN, was proposed for GERAN [1]. Among the building blocks of the proposed architecture there is the TFCI coding block, for which a code needs to be defined. The purpose of this contribution is to investigate which code provides the best performance within the FLO architecture.

2. TFCI coding

For the coding of the TFCI, it is proposed to use a simple block code, as it is already the case for the stealing bits and the USF [2]. Because the TFCI is the very first thing to decode, its decoding should not limit the performance of the TrCH. Practically its coding should be strong, and at least as strong as the strongest coding that is used for a TrCH. In order to assess how many bits should be used on every radio block for the coded TFCI, we assumed that the strongest coding of a TrCH is obtained with a data rate of 5kbit/s.

For the TFCI, 9 different codings were studied on GMSK channels (see Annex A):

· 4 bits coded into 28 bits

· 4 bits coded into 24 bits

· 3 bits coded into 24 bits

· 3 bits coded into 16 bits

· 3 bits coded into 12 bits

· 2 bits coded into 16 bits

· 2 bits coded into 12 bits

· 1 bit coded into 8 bits

· 1 bit coded into 4 bits

Through simulations, two kinds of BLER were compared. One for which only the transmitted data was checked through the CRC, and another one where the TFCI errors were included in the BLER. The performance of the TFCI is acceptable when its decoding does not increase the BLER of the data. In other words, the performance of the TFCI is satisfactory if it does not trigger the loss of a packet that could have been decoded otherwise. 

Simulations were run in TU3 with and without frequency hopping, at 900Mhz over 20000 frames always. Error detection was provided by a 6 bits CRC, attached to every 100 bits data block (5kbit/s). A mother code of 1/3 was used [3]. The interleaving was performed over 4 bursts in a rectangular manner when no frequency hopping was used, diagonally over 8 bursts otherwise. The coded bits of the TFCI were interleaved together with the coded data bits. Link level results are presented in Annex B and summarized in Table 1 and Table 2 below:

Table 1. TFCI performance
8 bursts diagonal interleaving
(TU3iFH - GMSK - 900 MHz)
	TFCI Coding
uncoded - coded
	Triggered Loss
C/Ico at 1%FER

	4 - 28
	0.0

	4 - 24
	0.1

	3 - 24
	0.0

	3 - 20
	0.1

	3 - 16
	0.2

	2 - 16
	0.0

	2 - 12
	0.0

	1 - 8
	0.0

	1 - 4
	0.8


Table 2. TFCI performance
4 bursts rectangular interleaving
(TU3nFH - GMSK - 900MHz)
	TFCI Coding
uncoded - coded
	Triggered Loss
C/Ico at 1%FER

	4 - 28
	0.0

	4 - 24
	0.0

	3 - 24
	0.0

	3 - 20
	0.0

	3 - 16
	0.1

	2 - 16
	0.0

	2 - 12
	0.1

	1 - 8
	0.0

	1 - 4
	0.2


From these results one can easily see that so as not to limit the performance of the TrCHs, the TFCI should be coded as follows on GMSK full rate channels:

· 4 bits TFCI 
( 
28 coded bits

· 3 bits TFCI 
( 
24 coded bits

· 2 bits TFCI 
( 
16 coded bits

· 1 bit TFCI 
(  
8 coded bits

3. Overhead

Since an amount of 28 coded bits is enough for a TFCI of 4 bits, the same amount is a fortiori enough for 3,2 and 1 bit(s) TFCI. We could then imagine using a fixed amount of 28 bits for the coded TFCI always. But there is another factor to take into account: the overhead: the larger the coded TFCI, the larger the impact it has on a TrCH.

In order to assess the overhead impact of the TFCI, a 12kbit/s TrCH was considered. Simulations were run in TU3 with frequency hopping, at 900Mhz over 20000 frames always. Error detection was provided by a 12 bits CRC, attached to every 240 bits data block (12kbit/s). A mother code of 1/3 was used [3]. The interleaving was performed over 4 bursts in a rectangular manner. Link level results are presented in Annex C and summarized in Table 3 below. 

Table 3. TFCI overhead
(TU3iFH - GMSK - 900MHz)
	coded TFCI
	C/Ico at 1%FER

	36 bits
	14.2

	32 bits
	13.9

	28 bits
	13.8

	24 bits
	13.6

	20 bits
	13.5

	16 bits
	13.3

	12 bits
	13.2

	8 bits
	13.0


As can be seen from the results, it is worth having a dynamic size for the coded TFCI. For instance when only one bit is needed for the TFCI, we can gain 1.2dB compared to the case where 36 bits would be needed.

4. TFCI mapping

Instead of interleaving the TFCI together with the data bits, it would also be possible to map it around the training sequence as it is done for the stealing bits [2]. So as to assess the performance difference between these two schemes, simulations were run in TU3iFH, TU3nFH, HT100nFH and RA250nFH, at 900Mhz over 20000 frames always. Error detection was provided by a 6 bits CRC, attached to every 100 bits data block (5kbit/s). A mother code of 1/3 was used [3]. The interleaving was performed over 4 bursts in a rectangular manner. Link level results are presented in Annex C and summarized in Table 4 below. The decoding errors of the TFCI were always included in the FER of the data. 

Although the performance of the TFCI is sometimes worse, the performance of the TrCH is always improved when the TFCI is interleaved with the data (TFCI errors included). Thus, from a link level performance point of view, it is better to interleaver the coded TFCI together with the data. Besides from a complexity point of view, it is also simpler to interleave the coded TFCI together with the data, especially when its size is not fixed but dynamic (see §2).

Table 4. Performance of a 5kbit/s TrCH depending on 
the TFCI mapping (TU3nFH - GMSK - 900MHz)
	Channel
	TFCI Coding
uncoded - coded
	Mapping
	C/Ico at 
1%FER (dB)

	TU3iFH
	4 - 28
	with data
	6.5

	
	
	around TS
	6.7

	
	1 - 8
	with data
	6.4

	
	
	around TS
	6.5

	TU3nFH
	4 - 28
	with data
	15.1

	
	
	around TS
	15.1

	
	1 - 8
	with data
	15.1

	
	
	around TS
	15.1

	HT100nFH
	4 - 28
	with data
	7.5

	
	
	around TS
	7.5

	
	1 - 8
	with data
	7.2

	
	
	around TS
	7.3

	RA250nFH
	4 - 28
	with data
	6.6

	
	
	around TS
	6.8

	
	1 - 8
	with data
	6.4

	
	
	around TS
	6.6


5. Conclusion

Through link level simulations this contribution has shown that so as not to limit the performance of TrCHs on FR GMSK channels, the TFCI should be encoded to 28 bits when it is 4 bits long, 24 bits when it is 3 bits long, 16 bits when it is 2 bits long and 8 bits when it is 1 bit long. Besides by adjusting the size of the TFCI to the amount of required TFC, the overhead can be minimised and gains can be achieved. Furthermore, it is also better from a link level and complexity point of view to interleave the TFCI together with the coded data bits.
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Annex A: Coding Tables

Table 5. Coding 4/28

	0,0,0,0
	1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1

	0,0,0,1
	1, 1, 1, 1, 1, 0, 1, 0, 0, 1, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0

	0,0,1,0
	1, 1, 1, 0, 0, 1, 0, 1, 0, 0, 1, 1, 0, 0, 0, 1, 1, 1, 0, 0, 0, 0, 1, 1, 1, 1, 0, 0

	0,0,1,1
	1, 1, 1, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1

	0,1,0,0
	1, 0, 0, 1, 1, 1, 0, 1, 1, 0, 0, 0, 1, 0, 0, 1, 0, 0, 1, 1, 0, 0, 1, 1, 0, 0, 1, 1

	0,1,0,1
	1, 0, 0, 1, 0, 0, 1, 1, 0, 0, 1, 0, 0, 1, 1, 1, 0, 0, 1, 1, 0, 0, 0, 0, 1, 1, 0, 0

	0,1,1,0
	1, 0, 0, 0, 1, 0, 0, 0, 1, 1, 1, 1, 0, 1, 0, 1, 0, 0, 0, 0, 1, 1, 1, 1, 0, 0, 0, 0

	0,1,1,1
	1, 0, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1, 1, 0, 1, 1, 0, 0, 0, 0, 1, 1, 0, 0, 1, 1, 1, 1

	1,0,0,0
	0, 1, 0, 1, 1, 1, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0

	1,0,0,1
	0, 1, 0, 1, 0, 0, 1, 0, 1, 0, 1, 1, 1, 0, 0, 0, 1, 0, 1, 0, 1, 0, 0, 1, 0, 1, 0, 1

	1,0,1,0
	0, 1, 0, 0, 1, 0, 0, 1, 0, 1, 1, 0, 1, 0, 1, 0, 1, 0, 0, 1, 0, 1, 1, 0, 1, 0, 0, 1

	1,0,1,1
	0, 1, 0, 0, 0, 1, 1, 1, 1, 1, 0, 0, 0, 1, 0, 0, 1, 0, 0, 1, 0, 1, 0, 1, 0, 1, 1, 0

	1,1,0,0
	0, 0, 1, 1, 0, 1, 0, 0, 1, 1, 1, 0, 0, 0, 1, 0, 0, 1, 1, 0, 0, 1, 1, 0, 0, 1, 1, 0

	1,1,0,1
	0, 0, 1, 1, 0, 0, 0, 1, 0, 1, 0, 1, 1, 1, 0, 0, 0, 1, 1, 0, 0, 1, 0, 1, 1, 0, 0, 1

	1,1,1,0
	0, 0, 1, 0, 1, 1, 1, 0, 0, 0, 1, 0, 1, 1, 0, 0, 0, 1, 0, 1, 1, 0, 1, 0, 0, 1, 0, 1

	1,1,1,1
	0, 0, 1, 0, 1, 0, 1, 1, 1, 0, 0, 1, 0, 0, 1, 0, 0, 1, 0, 1, 1, 0, 0, 1, 1, 0, 1, 0


average Hamming distance = 14.9
Table 6. Coding 4/24

	0,0,0,0
	1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1

	0,0,0,1
	1,1,1,1,1,0,1,0,0,1,0,0,0,0,0,1,1,1,1,1,1,1,0,0

	0,0,1,0
	1,1,1,0,0,1,0,1,0,0,1,1,0,0,0,1,1,1,0,0,0,0,1,1

	0,0,1,1
	1,1,1,0,0,0,0,0,1,0,0,0,1,1,1,1,1,1,0,0,0,0,0,0

	0,1,0,0
	1,0,0,1,1,1,0,1,1,0,0,0,1,0,0,1,0,0,1,1,0,0,1,1

	0,1,0,1
	1,0,0,1,0,0,1,1,0,0,1,0,0,1,1,1,0,0,1,1,0,0,0,0

	0,1,1,0
	1,0,0,0,1,0,0,0,1,1,1,1,0,1,0,1,0,0,0,0,1,1,1,1

	0,1,1,1
	1,0,0,0,0,1,1,0,0,1,0,1,1,0,1,1,0,0,0,0,1,1,0,0

	1,0,0,0
	0,1,0,1,1,1,0,0,0,0,0,1,0,1,1,0,1,0,1,0,1,0,1,0

	1,0,0,1
	0,1,0,1,0,0,1,0,1,0,1,1,1,0,0,0,1,0,1,0,1,0,0,1

	1,0,1,0
	0,1,0,0,1,0,0,1,0,1,1,0,1,0,1,0,1,0,0,1,0,1,1,0

	1,0,1,1
	0,1,0,0,0,1,1,1,1,1,0,0,0,1,0,0,1,0,0,1,0,1,0,1

	1,1,0,0
	0,0,1,1,0,1,0,0,1,1,1,0,0,0,1,0,0,1,1,0,0,1,1,0 

	1,1,0,1
	0,0,1,1,0,0,0,1,0,1,0,1,1,1,0,0,0,1,1,0,0,1,0,1

	1,1,1,0
	0,0,1,0,1,1,1,0,0,0,1,0,1,1,0,0,0,1,0,1,1,0,1,0

	1,1,1,1
	0,0,1,0,1,0,1,1,1,0,0,1,0,0,1,0,0,1,0,1,1,0,0,1


average Hamming distance = 12.8
Table 7. Coding 4/20

	0,0,0,0
	1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1

	0,0,0,1
	1,1,1,1,1,0,1,0,0,1,0,0,0,0,0,1,1,1,1,1

	0,0,1,0
	1,1,1,0,0,1,0,1,0,0,1,1,0,0,0,1,1,1,0,0

	0,0,1,1
	1,1,1,0,0,0,0,0,1,0,0,0,1,1,1,1,1,1,0,0

	0,1,0,0
	1,0,0,1,1,1,0,1,1,0,0,0,1,0,0,1,0,0,1,1

	0,1,0,1
	1,0,0,1,0,0,1,1,0,0,1,0,0,1,1,1,0,0,1,1

	0,1,1,0
	1,0,0,0,1,0,0,0,1,1,1,1,0,1,0,1,0,0,0,0

	0,1,1,1
	1,0,0,0,0,1,1,0,0,1,0,1,1,0,1,1,0,0,0,0

	1,0,0,0
	0,1,0,1,1,1,0,0,0,0,0,1,0,1,1,0,1,0,1,0

	1,0,0,1
	0,1,0,1,0,0,1,0,1,0,1,1,1,0,0,0,1,0,1,0

	1,0,1,0
	0,1,0,0,1,0,0,1,0,1,1,0,1,0,1,0,1,0,0,1

	1,0,1,1
	0,1,0,0,0,1,1,1,1,1,0,0,0,1,0,0,1,0,0,1

	1,1,0,0
	0,0,1,1,0,1,0,0,1,1,1,0,0,0,1,0,0,1,1,0

	1,1,0,1
	0,0,1,1,0,0,0,1,0,1,0,1,1,1,0,0,0,1,1,0

	1,1,1,0
	0,0,1,0,1,1,1,0,0,0,1,0,1,1,0,0,0,1,0,1

	1,1,1,1
	0,0,1,0,1,0,1,1,1,0,0,1,0,0,1,0,0,1,0,1


average Hamming distance = 10.7
Table 8. Coding 3/24

	0,0,0
	1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1

	0,0,1
	1,1,1,0,0,0,0,1,1,1,0,0,0,0,1,1,1,0,0,0,0,1,1,1

	0,1,0
	1,0,0,1,1,0,0,1,0,0,1,1,0,0,1,0,0,1,1,0,0,1,0,0

	0,1,1
	1,0,0,0,0,1,1,1,0,0,0,0,1,1,1,0,0,0,0,1,1,1,0,0

	1,0,0
	0,1,0,1,0,1,0,0,1,0,1,0,1,0,0,1,0,1,0,1,0,0,1,0

	1,0,1
	0,1,0,0,1,0,1,0,1,0,0,1,0,1,0,1,0,0,1,0,1,0,1,0

	1,1,0
	0,0,1,1,0,0,1,0,0,1,1,0,0,1,0,0,1,1,0,0,1,0,0,1

	1,1,1
	0,0,1,0,1,1,0,0,0,1,0,1,1,0,0,0,1,0,1,1,0,0,0,1


average Hamming distance = 13.7
Table 9. Coding 3/20

	0,0,0
	1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1

	0,0,1
	1,1,1,0,0,0,0,1,1,1,0,0,0,0,1,1,1,0,0,0

	0,1,0
	1,0,0,1,1,0,0,1,0,0,1,1,0,0,1,0,0,1,1,0

	0,1,1
	1,0,0,0,0,1,1,1,0,0,0,0,1,1,1,0,0,0,0,1

	1,0,0
	0,1,0,1,0,1,0,0,1,0,1,0,1,0,0,1,0,1,0,1

	1,0,1
	0,1,0,0,1,0,1,0,1,0,0,1,0,1,0,1,0,0,1,0

	1,1,0
	0,0,1,1,0,0,1,0,0,1,1,0,0,1,0,0,1,1,0,0,

	1,1,1
	0,0,1,0,1,1,0,0,0,1,0,1,1,0,0,0,1,0,1,1


average Hamming distance = 11.4
Table 10. Coding 3/16

	0,0,0
	1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1

	0,0,1
	1,1,1,0,0,0,0,1,1,1,0,0,0,0,1,1

	0,1,0
	1,0,0,1,1,0,0,1,0,0,1,1,0,0,1,0

	0,1,1
	1,0,0,0,0,1,1,1,0,0,0,0,1,1,1,0

	1,0,0
	0,1,0,1,0,1,0,0,1,0,1,0,1,0,0,1

	1,0,1
	0,1,0,0,1,0,1,0,1,0,0,1,0,1,0,1

	1,1,0
	0,0,1,1,0,0,1,0,0,1,1,0,0,1,0,0

	1,1,1
	0,0,1,0,1,1,0,0,0,1,0,1,1,0,0,0


average Hamming distance = 9.1
Table 11. Coding 3/12

	0,0,0
	1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1

	0,0,1
	1, 1, 1, 0, 0, 0, 0, 1, 1, 1, 0, 0

	0,1,0
	1, 0, 0, 1, 1, 0, 0, 1, 0, 0, 1, 1

	0,1,1
	1, 0, 0, 0, 0, 1, 1, 1, 0, 0, 0, 0

	1,0,0
	0, 1, 0, 1, 0, 1, 0, 0, 1, 0, 1, 0

	1,0,1
	0, 1, 0, 0, 1, 0, 1, 0, 1, 0, 0, 1

	1,1,0
	0, 0, 1, 1, 0, 0, 1, 0, 0, 1, 1, 0

	1,1,1
	0, 0, 1, 0, 1, 1, 0, 0, 0, 1, 0, 1


average Hamming distance = 6.9
Table 12. Coding 2/16

	0,0
	1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1

	0,1
	1,0,0,1,0,0,1,0,0,1,0,0,1,0,0,1

	1,0
	0,1,0,0,1,0,0,1,0,0,1,0,0,1,0,0

	1,1
	0,0,1,0,0,1,0,0,1,0,0,1,0,0,1,0


average Hamming distance = 10.7
Table 13. Coding 2/12

	0,0
	1,1,1,1,1,1,1,1,1,1,1,1

	0,1
	1,0,0,1,0,0,1,0,0,1,0,0

	1,0
	0,1,0,0,1,0,0,1,0,0,1,0

	1,1
	0,0,1,0,0,1,0,0,1,0,0,1


average Hamming distance = 8
Table 14. Coding 2/8

	0,0
	1,1,1,1,1,1,1,1

	0,1
	1,0,0,1,0,0,1,0

	1,0
	0,1,0,0,1,0,0,1

	1,1
	0,0,1,0,0,1,0,0


average Hamming distance = 5.3
Table 15. Coding 1/8
(Stealing Bits on TCH)

	0
	1,1,1,1,1,1,1,1

	1
	0,0,0,0,0,0,0,0


Table 16. Coding 1/4

	0
	1,1,1,1

	1
	0,0,0,0


Annex B: Link Level Performance of the TFCI

[image: image1.wmf]TFCI (4/28) & TrCH (5 kbit/s channel)

GMSK - Tu3iFH - 900Mhz



1.E-03

1.E-02

1.E-01

1.E+00

-2

0

2

4

6

8

C/Ico

FER / BLER

TrCH alone

TrCH & TFCI

TFCI


[image: image2.wmf]TFCI (4/24) & TrCH (5 kbit/s channel)
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[image: image3.wmf]TFCI (3/24) & TrCH (5 kbit/s channel)
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[image: image4.wmf]TFCI (3/20) & TrCH (5 kbit/s channel)

GMSK - Tu3iFH - 900Mhz
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[image: image5.wmf]TFCI (3/16) & TrCH (5 kbit/s channel)

GMSK - Tu3iFH - 900Mhz
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[image: image6.wmf]TFCI (2/16) & TrCH (5 kbit/s channel)

GMSK - Tu3iFH - 900Mhz
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[image: image7.wmf]TFCI (2/12) & TrCH (5 kbit/s channel)

GMSK - Tu3iFH - 900Mhz
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[image: image8.wmf]TFCI (1/8) & TrCH (5 kbit/s channel)

GMSK - Tu3iFH - 900Mhz
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[image: image9.wmf]TFCI (1/4) & TrCH (5 kbit/s channel)
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[image: image10.wmf]TFCI (4/28) & TrCH (5 kbit/s channel)
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[image: image11.wmf]TFCI (4/24) & TrCH (5 kbit/s channel)
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[image: image12.wmf]TFCI (3/24) & TrCH (5 kbit/s channel)
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[image: image13.wmf]TFCI (3/20) & TrCH (5 kbit/s channel)
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[image: image14.wmf]TFCI (3/16) & TrCH (5 kbit/s channel)
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[image: image15.wmf]TFCI (2/16) & TrCH (5 kbit/s channel)
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[image: image16.wmf]TFCI (2/12) & TrCH (5 kbit/s channel)
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[image: image17.wmf]TFCI (1/8) & TrCH (5 kbit/s channel)
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[image: image18.wmf]TFCI (1/4) & TrCH (5 kbit/s channel)
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Annex C: Overhead
[image: image19.wmf]Overhead (12 kbit/s channel)
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Annex D: Mapping for the TFCI
[image: image20.wmf]TrCH (5 kbit/s channel)

GMSK - 900Mhz
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[image: image21.wmf]TrCH (5 kbit/s channel)

GMSK - 900Mhz
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[image: image22.wmf]TFCI (1/8)
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