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Bit swapping for TFCI with 60 ms interleaving for FLO

1 Introduction

At GERAN#15, the bit swapping for the TFCI of the FLO channels was agreed to avoid mapping the TFCI bits onto the weak bits of the 8PSK symbols [4]. At GERAN #22, the interleaving for FLO was modified and extended to incorporate 60 ms interleaving [2]

 REF _Ref88381978 \w \h 
 \* MERGEFORMAT [3]. Hence, it is necessary that the bit swapping algorithm is compatible with the new interleaving scheme. In this contribution, this issue is studied.

2 Issues and proposal

The current formula for block diagonal interleaving for FLO along with the bit swapping algorithm for the TFCI bits is given in subclause 6.2.8 of TS 45.003 [1]. For 60 ms block diagonal interleaving, the bits in a radio block are spread across 12 bursts. Since in the 8PSK modulation, every third bit is weaker than the others, it is desired not use these positions for the TFCI bits; hence such bits are swapped with the CCTrCH bits and this mechanism is called “bit swapping”. One condition for bit swapping proposed in [4] is that bit swapping should not be done between bits belonging to different output bursts as this might reduce the diversity gain and worsen the link level performance. However, for 60 ms interleaving, since the interleaving depth in bursts (12) is a multiple of 3 (and every third bit in the input stream after interleaving is modulated onto the weak bit of the 8PSK symbol), it can be observed that with in a given input burst all the bits are modulated on to the same bit of the 8PSK symbol. Hence swapping a weak TFCI bit with any CCTrCH bit within the same output burst is not of any use because in a given output burst all the bits belonging to the same input block are modulated onto the same bit of the 8PSK symbol. 

One way of getting around this problem would be to relax the condition that bits can’t be swapped between the bursts. This might reduce the diversity gain a little, however there is a significant gain in the performance of TFCI with bit swapping and since there will be only a few TFCI bits needed to be swapped (exactly 1/3 of the total TFCI bits are needed to be swapped for 60 ms diagonal interleaving which means a maximum of 24 swappings given the maximum TFCI size of 72 bits). In the proposed solution, the bit swapping formula for TFCI in the current specification is kept unmodified. This means that there would be no change for 20 or 40 ms interleaving schemes. However, for 60 ms interleaving the formula automatically results in a swapping of bits between different output bursts. The current formula ensures that the swapping always occurs into a burst that has bits mapped on to the non weak bits of the 8PSK symbol (see Appendix in section 7). 

3 Example

In the following example, Nradio = 1392, number of coded TFCI bits = 72 with 60 ms block diagonal interleaving according to the formula in subclause 6.2.8 of TS 45.003 [1] is considered. The first 72 bits in the input stream are the TFCI bits.  The interleaving formula with the current bit swapping scheme is tested as it is. The resulting bit swappings and the burst changes are as given here under.  

· bit 8 swapped with bit 88 
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bit 134 on burst 8 is swapped with bit 61 on burst 4

· bit 9 swapped with bit 1321 
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bit 281 on burst 9 is swapped with bit 96 on burst 1

· bit 10 swapped with bit 90 
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bit 80 on burst 10 is swapped with bit 7 on burst 6

· bit 11 swapped with bit 1323 
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bit 227 on burst 11 is swapped with bit 42 on burst 3

· bit 20 swapped with bit 100 
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bit 158 on burst 8 is swapped with bit 85 on burst 4

· bit 21 swapped with bit 1333 
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bit 305 on burst 9 is swapped with bit 120 on burst 1

· bit 22 swapped with bit 102 
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bit 104 on burst 10 is swapped with bit 31 on burst 6

· bit 23 swapped with bit 1335 
[image: image8.wmf]Û

bit 251 on burst 11 is swapped with bit 66 on burst 3

· bit 32 swapped with bit 112 
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bit 182 on burst 8 is swapped with bit 109 on burst 4

· bit 33 swapped with bit 1345 
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bit 329 on burst 9 is swapped with bit 144 on burst 1

· bit 34 swapped with bit 114 
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bit 128 on burst 10 is swapped with bit 55 on burst 6

· bit 35 swapped with bit 1347 
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bit 275 on burst 11 is swapped with bit 90 on burst 3

· bit 44 swapped with bit 124 
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bit 206 on burst 8 is swapped with bit 133 on burst 4

· bit 45 swapped with bit 1357 
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bit 5 on burst 9 is swapped with bit 168 on burst 1

· bit 46 swapped with bit 126 
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bit 152 on burst 10 is swapped with bit 79 on burst 6

· bit 47 swapped with bit 1359 
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bit 299 on burst 11 is swapped with bit 114 on burst 3

· bit 56 swapped with bit 136 
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bit 230 on burst 8 is swapped with bit 157 on burst 4

· bit 57 swapped with bit 1369 
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bit 29 on burst 9 is swapped with bit 192 on burst 1

· bit 58 swapped with bit 138 
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bit 176 on burst 10 is swapped with bit 103 on burst 6

· bit 59 swapped with bit 1371 
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bit 323 on burst 11 is swapped with bit 138 on burst 3

· bit 68 swapped with bit 148 
[image: image21.wmf]Û

bit 254 on burst 8 is swapped with bit 181 on burst 4

· bit 69 swapped with bit 1381 
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bit 53 on burst 9 is swapped with bit 216 on burst 1

· bit 70 swapped with bit 150 
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bit 200 on burst 10 is swapped with bit 127 on burst 6

· bit 71 swapped with bit 1383 
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bit 347 on burst 11 is swapped with bit 162 on burst 3

4 Simulation results

Figure 1 shows simulation results for the example described in section 3 with and without bit swapping.
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Figure 1: TFCI Performance with and without bit swapping

In the above simulation, FLO is setup to carry one 32 Kbit/s full rate video channel. The coded TFCI is 72 bits long. Simulations were run over 40000 frames for a co-channel interferer case. The TU3 channel model is selected. Since bit swapping results in the TFCI bits taking the positions of non weak CCTrCH bits in the 8psk symbols, there might be a slight loss in the performance of the CCTrCH. This loss is more if the CCTrCH is less protected (high coding rate). However, since there are only very few TFCI bits that are swapped, the effect on CCTrCH bits is negligible. Table 1 summarizes the performance of CCTrCH in the above simulation. 

	10% BLER 32 Kbps Video data with 60 ms diagonal interleaving

	With bit swapping
	Without bit swapping

	12.5 dB
	12.5 dB


Table 1: Performance of the CCTrCH with and without bit swapping (60 ms diagonal interleaving)

5 Conclusions

In this contribution, a simple way of implementing bit swapping for 60 ms interleaving is outlined. In particular, it is proposed to keep the bit swapping algorithm as it is. It has been pointed out that unlike in the case of 20 and 40 ms interleaving schemes, this will result in the swapping of bits between different bursts. However, the effect of this inter-burst swapping on the performance of TFCI is not significant, and does not deteriorate the performance of CCTrCH much. 
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7 Appendix

The bit swapping algorithm for the TFCI bits is outlined in [1]. It consists in applying a simple swap in the bit index of the radio packet. In every radio packet of Nradio bits, for every bit k belonging to the coded TFCI for which j (the position of the bit k within the burst b) verifies (j+1) mod 3 = 0 (i.e. the coded bit of the TFCI is to be mapped on a weak bit), the following swap is performed:

         if cpt mod 2 = 0, then bit k is swapped with bit k + 80

         
else bit k is swapped with bit Nradio – 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. We prove that such a swap is sufficient to guarantee that the swapped bit stays on a non weak bit of the 8PSK symbol for 60ms diagonal interleaving.

For an 8PSK channel with 60 ms diagonal interleaving, we have 
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where Nradio is the size of the radio packet in bits, D is the interleaving depth in bursts, J is the number of bits in each burst and M is the size of radio packet in bursts. The position of the swapped bit in a given burst is given by the following formula:
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Now, for any of the TFCI bits, if 
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 the bit would be mapped onto a weak bit of 8PSK symbol; such a bit is swapped with a CCTrCH bit that is not mapped onto a weak bit of the 8PSK symbol.
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For the weak bits, we have 
[image: image30.wmf][

]

0

3

mod

1

=

+

k

j



[image: image31.wmf](

)

(

)

(

)

(

)

[

]

(

)

(

)

[

]

[

]

0

3

mod

1

3

mod

4

12

mod

int

0

0

3

mod

1

3

mod

4

12

mod

int

3

mod

116

mod

49

3

0

3

mod

1

4

12

mod

int

116

mod

49

3

0

3

mod

1

mod

int

/

mod

49

=

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

+

Þ

=

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

+

+

´

´

Þ

=

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

+

+

´

´

Þ

=

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

+

´

´

Þ

k

k

s

k

k

s

k

M

D

k

M

D

J

s

k

M

D



[image: image32.wmf][

)

[

)

12

12

,

8

12

12

mod

3

3

,

2

3

4

12

mod

integer

an

is

where

,

2

3

4

12

mod

int

2

3

mod

4

12

mod

int

integer

an

is

where

,

1

3

3

mod

4

12

mod

int

0

3

mod

1

3

mod

4

12

mod

int

+

+

Î

Þ

+

+

Î

ú

û

ù

ê

ë

é

Þ

+

=

ú

û

ù

ê

ë

é

Þ

=

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

Þ

-

=

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

Þ

=

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

Þ

m

m

k

m

m

k

m

m

k

k

l

l

k

k


In the above expression, m can only be 0 because if m is any other integer then the value 
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 and hence can’t be the result of a modulo operation by 12. Hence, m=0 and hence we have the following 
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Given above condition, we have to prove that after bit swapping, the TFCI bits end up on a non weak 8PSK symbol. That is, in the formula for  jk, we have either k+80 or Nradio – 80 + k. This can be shown by proving the following two conditions.
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However, Since 
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, we only have to prove that


[image: image39.wmf](

)

0

3

mod

1

3

mod

4

12

mod

80

int

¹

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

+

k

 & 
[image: image40.wmf](

)

0

3

mod

1

3

mod

4

12

mod

80

1392

int

¹

ú

û

ù

ê

ë

é

+

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

+

k


1. consider 
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2. consider 
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Hence the current swapping algorithm always ensures that after swapping the TFCI bits end up in a non weak bit position of the 8PSK symbol. 

6

_1171171773.unknown

_1171175988.unknown

_1173599651.unknown

_1173769950.unknown

_1173769962.unknown

_1173769702.unknown

_1173769734.unknown

_1173769894.unknown

_1173599711.unknown

_1171198744.unknown

_1171199288.unknown

_1171176131.unknown

_1171177090.unknown

_1171176152.unknown

_1171176014.unknown

_1171175714.unknown

_1171175973.unknown

_1171175980.unknown

_1171175962.unknown

_1171175413.unknown

_1171175534.unknown

_1171175360.unknown

_1171171581.unknown

_1171171691.unknown

_1171171708.unknown

_1171171599.unknown

_1171117291.unknown

_1171117329.unknown

_1171094234.unknown

