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TFCI Coding for Half Rate Channels

1. Introduction

A Flexible Layer One (FLO) based on the same principles that are used in UTRAN, is proposed for GERAN [1]. Among the building blocks of the proposed architecture is the TFCI coding block, for which block codes need to be defined. Currently block codes are proposed for full rate channels only. The purpose of this contribution is to provide codes to be used on half rate channels.

2. TFCI Coding on GMSK HR channels

Since codes for GMSK FR channels are already defined in [1], a natural approach for defining HR codes is to evaluate the performance when applying theses codes to a FLO HR channel. The link level performance when applying these codes on a FLO HR channel is evaluated through simulations on TU3iFH. 

A data block size of 100 bits is used, resulting in a 5 kbit/s channel. Each data block is processed through a 6 bit CRC, and a rate 1/3 mothercode is used. The TFCI is inserted before interleaving, the data using a diagonal interleaving over 4 bursts. The result of this interleaving is a distribution of the reordered bits over 4 blocks, using the even numbered position of the first 2 blocks and the odd positions of the last 2 blocks. A carrier frequency of 900 MHz is used and 20.000 blocks are processed. 

Two kinds of FER are compared; one where the FER is evaluated using the CRC on the data block, and one where the errors originating from wrongly decoded TFCI is included. Link level results are presented in Annex B, and the results are summarized in Table 1 below.

Table 1. TFCI performance on GMSK HR channels
Same code as on GMSK FR channels used
(TU3iFH 900MHz - C/Ico @1%FER)
	TFCI Code
	TFCI Error Rate
	FER
	FER + TFCI Err
	Triggered Loss in dB

	TFCI 1-8
	2,30
	10,59
	10,59
	0.0

	TFCI 2-16
	2,30
	10,59
	10,59
	0.0

	TFCI 3-24
	2,28
	11,03
	11,03
	0.0

	TFCI 4-28
	3,08
	11,17
	11,17
	0.0

	TFCI 5-36
	2,93
	12,01
	12,01
	0.0


The rightmost column of Table 1 shows the loss in dB originating from wrongly decoded TFCI. As seen from the table, there is no loss for any of the code rates and thus the performance can be considered satisfactory. 

However, when looking at the TFCI Error Rate compared to the FER a rather large difference in performance can be observed (approximately 8 dB for all codes). This indicates that the effective code rate of the TFCI is much larger than that of the data block. Such a large difference is not needed and therefore it could be worthwhile to reduce the coding on the TFCI and thus free bits for the coded data.

A straightforward approach to this is to reduce the length of the codewords used for the FR channels by a factor of two and apply these to the HR channels. That is, a part of the codeword used for FR is applied to HR. Studies have shown that due to the code properties, using the middle segment of each codeword provides the best performance. Therefore it is proposed to use this segment for the TFCI coding on HR channels. This means that e.g. the codewords for the 1 bit TFCI would consist of the bits from 3 to 6 of the FR GMSK codewords, as indicated below :

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

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


For the 2 bits TFCI the following bits would be used:

	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


A complete listing of the code segments to be used are given in Annex A, where each code word is highlighted in yellow.

The performance when using this principle is evaluated by simulations using the same assumptions as for the FR codes before. Link level results are provided in Annex C, and summarised in Table 2. 

When looking at the triggered loss, one can see that the additional loss when using the middle segment of the codewords is insignificant, meaning that the reduced coding of the TFCI does not imply additional loss of frames. Also the FER performance is significantly improved compared to using the full code words, due to increased payload for the coded data bits. The gains in terms of FER are listed below:

· For the 1 bit TFCI, the FER is improved by 0.5 dB

· For the 2 bits TFCI, the FER is improved by 0.1 dB

· For the 3 bits TFCI, the FER is improved by 0.6 dB

· For the 4 bits TFCI, the FER is improved by 0.6 dB

· For the 5 bits TFCI, the FER is improved by 1.2 dB

Therefore it is proposed that a segment having half the length of each of the codewords for FR is to be used for TFCI coding on FLO HR channels. 

Table 2: TFCI performance on GMSK HR channels
Middle segment of the TFCI Codewords from GMSK FR applied
(TU3iFH 900MHz - C/Ico @1%FER)
	TFCI
	TFCI Code
	TFCI Error Rate
	FER
	FER + TFCI Error Rate
	Triggered Loss

	1 bit TFCI
	TFCI 1/4
	3,95
	10,11
	10,13
	0,02

	
	TFCI 1/8
	2,30
	10,59
	10,59
	0.00

	2 bits TFCI
	TFCI 2/8
	4,67
	10,48
	10,50
	0,02

	
	TFCI 2/16
	2,30
	10,59
	10,59
	0.00

	3 bits TFCI
	TFCI 3/12
	5,26
	10,40
	10,42
	0,02

	
	TFCI 3/24
	2,28
	11,03
	11,03
	0.00

	4 bits TFCI
	TFCI 4/14
	6,04
	10,56
	10,58
	0,02

	
	TFCI 4/28
	3,08
	11,17
	11,17
	0.00

	5 bits TFCI
	TFCI 5/18
	6,66
	10,77
	10,82
	0,05

	
	TFCI 5/36
	2,93
	12,01
	12,01
	0.00


3. TFCI Coding on 8PSK HR channels

On 8PSK HR channels, we can either use the same coding as on FR 8PSK channels, or use twice less coding. For 8PSK HR channels this actually means using the same coding as on GMSK FR channels since the coding on 8PSK FR channels is obtained by repeating once the coding of GMSK FR channels.

Link level results are available in Annex D. A data block size of 140 bits is used, resulting in a 7 kbit/s channel [2]. Each data block is processed through a 6 bit CRC, and a rate 1/3 mothercode is used. The TFCI is inserted before interleaving, the data using a diagonal interleaving over 4 bursts. The result of this interleaving is a distribution of the reordered bits over 4 blocks, using the even numbered position of the first 2 blocks and the odd positions of the last 2 blocks. A carrier frequency of 900 MHz is used and 20.000 blocks are processed. 

In general, the performance difference between repeating once and not repeating the GMSK FR coding is rather small. In all cases the triggered loss is very limited (not larger than 0.1dB). And even though the triggered loss is sometimes slightly higher without repetition, the absolute performance is always better because of the reduced overhead. Consequently it is proposed to use on 8PSK HR channels the same coding as on GMSK FR channels.

4. Conclusion

This contribution has dealt with TFCI coding on HR channels. Through simulations it has been shown that for TFCI coding on GMSK HR channels, a reduced version of the codes proposed for GMSK FR channels is applied. This reduced version should consist of segments having half the length of the existing codewords, and each segment should be taken from the middle of the original codeword. For TFCI coding on 8PSK HR channels, a reduced version of the codes proposed for 8PSK FR channels is applied: the same coding as for GMSK FR channels.

One important benefit of the proposal is that it does not increase memory requirements as the same coding tables can be used always (GMSK FR, GMSK HR, 8PSK FR and 8PSK HR). If agreed the following text could be added put in 45.902:

On GMSK full rate channels and 8PSK half rate channels, the coding of the TFCI shall be as follows (see Annex A):

-
1 bit TFCI shall be encoded to 8 bits;

-
2 bits TFCI shall be encoded to 16 bits;

-
3 bits TFCI shall be encoded to 24 bits;

-
4 bits TFCI shall be encoded to 28 bits;

-
5 bits TFCI shall be encoded to 36 bits.

On 8PSK full rate channels, the coding of the TFCI shall be obtained by repetition of the coding defined for GMSK full rate channels (see Annex A):

-
1 bit TFCI shall be encoded to 16 bits (2 times 8 bits);

-
2 bits TFCI shall be encoded to 32 bits (2 times 16 bits);

-
3 bits TFCI shall be encoded to 48 bits (2 times 24 bits);

-
4 bits TFCI shall be encoded to 56 bits (2 times 28 bits);

-
5 bits TFCI shall be encoded to 72 bits (2 times 36 bits).

On GMSK half rate channels, the coding of the TFCI shall be obtained by using only the middle segment of the coding defined for GMSK full rate channels (see Annex A):

-
1 bit TFCI shall be encoded to 4 bits;

-
2 bits TFCI shall be encoded to 8 bits;

-
3 bits TFCI shall be encoded to 12 bits;

-
4 bits TFCI shall be encoded to 14 bits;

-
5 bits TFCI shall be encoded to 18 bits.
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Annex A - Coding Tables

Table A1. 5/36 Coding
	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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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


Table A2. 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


Table A3. 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


Table A4. 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


Table A5. Coding 1/8

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

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


Annex B - Link Level Performance HR GMSK
FR Codes are used
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Figure 1: TFCI (1/8) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz
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Figure 2: TFCI (2/16) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz
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Figure 3: TFCI (3/24) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz
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Figure 4: TFCI (4/28) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz
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Figure 5: TFCI (5/36) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz
Annex C - Link Level Performance HR GMSK
Middle of FR Codes are used
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Figure 6: TFCI (1/4) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz. Middle segment of TFCI (1/8)
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Figure 7: TFCI (2/8) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz. Middle segment of TFCI (2/16)
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Figure 8: TFCI (3/12) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz. Middle segment of TFCI (3/24)
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Figure 9: TFCI (4/14) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz. Middle segment of TFCI (4/28)
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Figure 10: TFCI (5/18) & TrCH (5 kbit/s) HR. 
GMSK - TU3 iFH - 900 MHz. Middle segment of TFCI (5/36)

Annex D - Link Level Performance HR 8PSK

[image: image11.wmf]1 bit TFCI & TrCH (7 kbit/s channel)

8PSK HR - Tu3iFH - 900Mhz
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[image: image12.wmf]2 bits TFCI & TrCH (7 kbit/s channel)

8PSK HR - Tu3iFH - 900Mhz
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[image: image13.wmf]3 bits TFCI & TrCH (7 kbit/s channel)

8PSK HR - Tu3iFH - 900Mhz
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[image: image14.wmf]4 bits TFCI & TrCH (7 kbit/s channel)

8PSK HR - Tu3iFH - 900Mhz
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[image: image15.wmf]5 bits TFCI & TrCH (7 kbit/s channel)

8PSK HR - Tu3iFH - 900Mhz
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