3GPP TSG GERAN Meeting #23
Tdoc GP-050409
Tampa, Florida (U.S.A), 24-28 January 2005
Agenda Item: 7.1.5.6

Source: Siemens



Diagonal interleaving for FLO

1 Introduction

At GERAN#22, the coding scheme for E-TCH/F32.0 has been modified, and the new coding scheme has been chosen to be compatible with the channel coding for the Flexible Layer One [1]. In particular, the interleaving scheme has been modified, reducing the interleaving depth from 110 ms to 60 ms [2]

 REF _Ref92869098 \w \h 
[3]

 REF _Ref92869100 \w \h 
[4]

 REF _Ref92869101 \w \h 
[5].

For FLO, at present the only options for interleaving are block rectangular interleaving and block diagonal interleaving over 40 ms. It is therefore desirable to add the option to select 60 ms interleaving for FLO. However, there are some issues, which are explained in more detail in the following section.

2 Issues and proposal

The current formula for block diagonal interleaving for FLO is given in subclause 6.2.8 of TS 45.003 [6]:
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However, in the case of 60 ms interleaving over 8PSK for full rate channels (for which D = 12 and Nradio = 1392), this formula does not give correct results (see Appendix A). So the formula is not general enough to cover scenarios that can be of interest.

For this reason, it is proposed to adopt a new formula
:
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if a > 1 then 
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where GCD(m,n) is the greatest common divisor between m and n. The justification for this new formula is given in Appendix A.

It is worth noting that if the factors D and 
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. In this case, as k only takes values in the range 0, …, Nradio – 1, the value of s will always be 0 for all values of k. Therefore, if the factors are coprime it is possible to set s = 0, as done in (2).

Diagonal interleaving over 60 ms can be applied only to 8PSK channels (both full rate and half rate), because for GMSK channels 
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 is not an integer.

3 Examples

In the following sections, some examples are given.

3.1 Full rate GMSK channel with 40 ms interleaving

In this case, D = 8, J = 116, M = 4, Nradio = 464, 
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= 58, and GCD(8,58) = 2. Therefore the new formula is exactly the same as the one currently in the specifications.

It is worth noting that, in the case of a normal TCH/F, Nradio = 456, and 
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= 57. Since GCD(8,57) = 1, then s = 0. In fact, the interleaving formula in subclause 3.1.3 of TS 45.003 is the same as (2) but the factor s is not present.

3.2 Full rate 8PSK channel with 60 ms interleaving

In this case, D = 12, J = 348, M = 4, Nradio = 1392, 
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= 116. The formula in the specifications does not work properly, due to the fact that – for this values – J is such that 

J mod D = 0

J mod 
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which means that the bits k and k+J end up in the same position in the same burst.

With the values above, GCD(12,116) = 4. So in the formula for diagonal interleaving the factor s should be changed to:
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3.3 Half rate 8PSK channel with 60 ms interleaving

In this case, D = 6, J = 348, M = 2, Nradio = 696, 
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= 116. With these values, GCD(6,116) = 2. So the current interleaving formula (1) gives correct results.

4 Further remarks

4.1 Interleaving for E-TCH/F32.0

In the case of E-TCH/F32.0, the following formula for interleaving has been chosen [2]

 REF _Ref92869098 \w \h 
[3]

 REF _Ref92869100 \w \h 
[4]

 REF _Ref92869101 \w \h 
[5]:
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(3)

This formula can be obtained from (1), by substituting D with 2·D
. In this case, the factor a would be:
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hence the formula gives correct results.

It would be desirable to align the interleaving formulas for FLO and for E-TCH/F32.0, so that this coding scheme could be supported using a “FLO Layer 1 engine”. In order to be consistent with (2), one option could be to revise the formula in subclause 3.12.4 of TS 05.03 and TS 45.003 as follows:
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(4)

4.2 80 ms interleaving

One problem with formula (2) is that in the case of 80 ms interleaving (D = 16 for full rate channels), the reordered bits exhibit some regular patterns (see Appendix B); this may possibly lead to poor performance. The option of 80 ms interleaving had originally been included for FLO, but has subsequently been removed. However, if in the future it is decided to reintroduce it again, using this formula may pose some problems. This would require further investigation.

5 Simulation results

The following figures show simulation results for E-TCH/F32.0 using the existing interleaving scheme (3) and the new interleaving scheme (4). Figure 1 and Figure 2 show the results for TU3iFH, whereas Figure 3 and Figure 4 provide the results for TU3nFH.
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Figure 1 – FER results for TU3 ideal FH
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Figure 2 – BER results for TU3 ideal FH
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Figure 3 – FER results for TU3 no FH
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Figure 4 – BER results for TU3 no FH

As it can be seen from the figures, the difference in performance between the two interleaving schemes is negligible.

6 Conclusions

It is believed that it would be beneficial to include the option of block diagonal interleaving over 60 ms for FLO. However, as shown in this contribution, this requires the formula for the diagonal interleaving to be modified. The necessary Change Requests are provided in [7] and [8].

The possibility to modify the interleaving formula for the E-TCH/F32.0 coding scheme approved at GERAN#22 to align with the interleaving for FLO should also be considered.
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8 Appendix A

In this Appendix, a justification for the new interleaving formula (2) for FLO is given. It is worth noting that the objective of this appendix is not to provide a rigorous mathematical demonstration, but only to give an indication of how the proposed formula for the interleaving algorithm has been derived.

Let’s assume, for the time being, that the factor s is not present in the formula. Let’s also assume that it exists a value K < Nradio such that

· K mod D = 0
(5)

· K mod 
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Let’s consider the two bits in position k and k+K. In this case, the bit that is in position k before the interleaving will end up in position
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whereas the bit that is in position k+K before the interleaving will end up in position
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In the previous formulas, the factor K can be eliminated due to the assumptions (5) and (6). Hence, 
[image: image28.wmf]k

K

k

j

j

=

+

. The fact that the value of j is the same means that the two bits end up in the same position within their respective bursts. At the same time, because of (5),
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This means that the two bits end up in the same position in the same burst. So the results of the interleaving are not correct.

In order to avoid this problem, the s factor has been introduced in the interleaving formula. However, in order for the formula to be more general, its definition needs to be modified with respect to the one currently given in TS 45.003.

From (5) and (6) we have that two integer numbers n1 and n2 exist such that:
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If D and 
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 are coprime (i.e. they have no common factors), then K must be equal to
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Given that k can only take values in the range 0, …, Nradio – 1, this ensures that no bits will suffer from the problem highlighted above.

If D and 
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 are not coprime, let’s call a the greatest common divisor of the two numbers:
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In this case, the problems highlighted above can be avoided by adding the factor:
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9 Appendix B

The following tables shows the results obtained with formula (2) in the case of 80 ms interleaving for 8PSK full rate channels: D = 16, J = 348, M = 4, Nradio = 1392, 
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= 87, GCD(16,87) = 1. The tables show the positions occupied by some of the bits that are mapped to burst 0 and burst 1.

	BURST 0 [b(k) = 0]
	
	BURST 1 [b(k) = 1]

	k
	j(k)
	
	k
	j(k)

	0
	0
	
	1
	196

	16
	4
	
	17
	200

	32
	8
	
	33
	204

	48
	12
	
	49
	208

	64
	16
	
	65
	212

	80
	20
	
	81
	216

	96
	24
	
	97
	220

	112
	28
	
	113
	224

	128
	32
	
	129
	228

	144
	36
	
	145
	232

	160
	40
	
	161
	236

	176
	44
	
	177
	240

	192
	48
	
	193
	244

	208
	52
	
	209
	248

	224
	56
	
	225
	252

	240
	60
	
	241
	256

	256
	64
	
	257
	260

	272
	68
	
	273
	264

	288
	72
	
	289
	268

	…
	…
	
	…
	…


It is worth noting that using formula (1) would lead to the same results. This is because with the values above 
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, hence s = 0.







� It is assumed that (Nradio / D) is integer; in fact, J / (D / M) = J · M / D = Nradio / D, so the fact that this quantity is used as one of the arguments of the ‘mod’ operation means that it must be necessarily an integer. The formula would require some modifications to apply also in the case of non-integer numbers.


� Two integers are said to be coprime (or relatively prime) if they share no common positive factors (divisors) except 1. Using the notation GCD(m,n) to denote the greatest common divisor, two integers m and n are relatively prime if GCD(m,n) = 1.


� Note that the interleaving formula obtained substituting D with 2·D in (1) is the same as the formula for block rectangular interleaving given in subclause 6.2.8 of TS 45.003.
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