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Bit Swapping for the TFCI

1. Introduction

The symbol mapping of modulating bits into 8PSK symbols makes every third bit more sensitive to errors than others [1]. These bits are known as weak bits. Because the coded TFCI only uses a relatively small number of bits in every radio packet, the link level performance of the TFCI could be improved significantly by avoiding using the weak bits, without significant impact on the CCTrCH. This technique is known as bit swapping and is already used for the USF in EGPRS [2].

2. Bit Swapping Requirements

For a simple and efficient bit swapping mechanism in FLO, there are several facts and requirements to take into account:

· The mechanism has to be able to cope with the different interleaving schemes that are possible with FLO on 8PSK channels [3].

· When swapping a coded bit of the TFCI, it has to stay on the same burst. Changing burst could reduce the diversity and worsen the link level performance.

· The swapping should occur either at the end or at the beginning of the CCTrCH where error protection is stronger i.e. where the swapping has the smallest effect.

· The maximum size of the coded TFCI is 72 bits [3].

3. Bit Swapping Mechanism

The proposed mechanism fulfils all the requirements in a simple manner. It consists in applying a simple swap in the bit index of the radio packet. In every radio packet of K bits, for every bit k belonging to the coded TFCI for which j (the position of the bit k within the burst b) verifies 
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 (i.e. the coded bit of the TFCI is to be mapped on a weak bit), the following swap is performed:
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 the bit k is swapped with bit k + 80
         else the bit k is swapped with bit K - 80 +k
Where cpt is a counter of the swapped bits. The value of cpt is set to zero before swapping and incremented by 1 after every swapped bit. For the first swapped bit cpt = 0, for the second swapped bit cpt = 1 and so on.

4. Bit Swapping Example

In order to illustrate the proposed mechanism, an 8PSK full rate channel with 40ms diagonal interleaving depth and a coded TFCI of 72 bits is taken as an example. After TFCI mapping, the radio packet contains 72 coded bits for the TFCI, followed by 1320 coded bits for the CCTrCH. As a result of the bit swapping, 24 coded bits of the TFCI that were to be mapped on weak bits are swapped with bits of the CCTrCH:

· bit 1 swapped with bit 81 ( on burst 1, bits 98 and 282 are swapped

· bit 5 swapped with bit 1317 ( on burst 5, bits 143 and 57 are swapped.

· bit 10 swapped with bit 90 ( on burst 2, bits 284 and 120 are swapped.

· bit 14 swapped with bit 1326 ( on burst 6, bits 329 and 243 are swapped.

· bit 16 swapped with bit 96 ( on burst 0, bits 176 and 12 are swapped.

· bit 19 swapped with bit 1331 ( on burst 3, bits 122 and 36 are swapped.

· bit 20 swapped with bit 100 ( on burst 4, bits 221 and 57 are swapped.

· bit 23 swapped with bit 1335 ( on burst 7, bits 167 and 81 are swapped.

· bit 25 swapped with bit 105 ( on burst 1, bits 14 and 198 are swapped.

· bit 29 swapped with bit 1341 ( on burst 5, bits 59 and 321 are swapped.

· bit 34 swapped with bit 114 ( on burst 2, bits 200 and 36 are swapped.

· bit 38 swapped with bit 1350 ( on burst 6, bits 245 and 159 are swapped.

· bit 40 swapped with bit 120 ( on burst 0, bits 92 and 276 are swapped.

· bit 43 swapped with bit 1355 ( on burst 3, bits 38 and 300 are swapped.

· bit 44 swapped with bit 124 ( on burst 4, bits 137 and 321 are swapped.

· bit 47 swapped with bit 1359 ( on burst 7, bits 83 and 345 are swapped.

· bit 49 swapped with bit 129 ( on burst 1, bits 278 and 114 are swapped.

· bit 53 swapped with bit 1365 ( on burst 5, bits 323 and 237 are swapped.

· bit 58 swapped with bit 138 ( on burst 2, bits 116 and 300 are swapped.

· bit 62 swapped with bit 1374 ( on burst 6 bits 161 and 75 are swapped.

· bit 64 swapped with bit 144 ( on burst 0, bits 8 and 192 are swapped.

· bit 67 swapped with bit 1379 ( on burst 3, bits 302 and 216 are swapped.

· bit 68 swapped with bit 148 ( on burst 4, bits 53 and 237 are swapped.

· bit 71 swapped with bit 1383 ( on burst 7, bits 347 and 261 are swapped.

5. Bit Swapping Performance

In order to assess the gains of the proposal, FLO was configured to carry an AMR call at 4.75kbit/s on 8PSK FR channels. Simulations were run over 40000 frames and typical MS impairments were included. The link level results are summarized in Table 1, Table 2 and Table 3 below. We can see that:

· In TU3iFH, with 20 ms rectangular interleaving, the average gain on the TFCI is 1.1 dB at 1% of BLER.

· In TU3iFH, with 40 ms diagonal interleaving, the average gain on the TFCI is 1.1 dB at 1% of BLER. This gain translates into 0.3dB improvement for the class A bits at 1% of FER.

· In TU3nH, with 40 ms diagonal interleaving, the average gain on the TFCI is 1.2dB at 1% of BLER. This gain translates into 0.2dB improvement for the class A bits at 1% of FER.

Table 1 - Performance of Bit Swapping
20ms rectangular interleaving (TU3iFH 900MHz)
	TFCI
	1% BLER TFCI

	
	No Swapping
	Swapping
	Gain

	1
	2.6
	1.7
	0.9

	2
	3.2
	2.0
	1.2

	3
	3.4
	2.2
	1.2

	4
	4.0
	2.8
	1.2

	5
	3.9
	2.8
	1.1

	Average
	1.1


Table 2 - Performance of Bit Swapping
40ms diagonal interleaving (TU3iFH 900MHz)
	TFCI
	1% BLER TFCI
	1% FER Class A bits

	
	No Swapping
	Swapping
	Gain
	No Swapping
	Swapping
	Gain

	1
	1.0
	0.2
	0.8
	2.6
	2.4
	0.2

	2
	1.6
	0.6
	1.0
	2.7
	2.4
	0.3

	3
	1.9
	0.7
	1.2
	2.8
	2.5
	0.3

	4
	2.2
	0.8
	1.4
	2.9
	2.5
	0.4

	5
	1.9
	0.7
	1.2
	2.8
	2.5
	0.3

	Average
	1.1
	Average
	0.3


Table 3 - Performance of Bit Swapping 
40ms diagonal interleaving (TU3nFH 900MHz)
	TFCI
	1% BLER TFCI
	1% FER Class A bits

	
	No Swapping
	Swapping
	Gain
	No Swapping
	Swapping
	Gain

	1
	8.4
	7.5
	0.9
	12.6
	12.5
	0.1

	2
	9.8
	8.6
	1.2
	12.7
	12.5
	0.2

	3
	10.4
	9.0
	1.4
	12.7
	12.5
	0.2

	4
	10.9
	9.3
	1.6
	12.7
	12.5
	0.2

	5
	10.7
	9.5
	1.2
	12.8
	12.6
	0.2

	Average
	1.3
	Average
	0.2


The simulation results show that bit swapping significantly improves the link level performance of the TFCI and also improves the link level performance of low bit rate transport channels (highly coded).

But because more weak bits are used for the CCTrCH as a result of the bit swapping, this could trigger some loss when many bits are swapped and when the coding rate of the CCTrCH is high (low protection). In order to assess the loss, FLO is configured to carry 60kbit/s traffic on 8PSK FR channels with 5 bits TFCI. Simulations were run with two different interleaving schemes, over 40000 frames and typical MS impairments were included. The link level results are summarized in Table 4 below. Even though more weak bits are used for the CCTrCH, it does not seem to trigger any loss. One reason is that the number of swapped bits is small when compared to the total number of coded bits of the CCTrCH.

Table 4 - Performance Loss (TU3nFH/900MHz)
	Interleaving
	1% BLER 60kbit/s

	
	No Swapping
	Swapping
	Loss

	20ms rectangular
	34.4
	34.4
	0.0

	40ms diagonal
	32.8
	32.8
	0.0

	Average
	0.0


6. Conclusion

This contribution has proposed a simple way to perform bit swapping for the TFCI on 8PSK channels with FLO. By avoiding using the weak bits of the 8PSK symbols, it was shown that the link level performance of the TFCI is improved, without significant impact on the CCTrCH. If agreed the principle can be added to [3].
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