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Current definition of interleaver

e Two step permutation

— 18 permutation: “insures that adjacent bits are
mapped onto non adjacent subcarriers’

— 2nd permutation: “ Avoids long runs of lowly
reliable bits’



First permutation

Matrix format

I\Imod X (Ncbps/ I\Imod)
N, . : coded bits/ OFDM
N_ . Itlv parameter

cbps

mod

Also
N.: humber of sub-carriers
Nepe: NUMber of bits/sc

Ncbps: Nc* Ncpc

mod

Bits
From encoder

Ncbps/ I\Imod

Bits
To
M apper



First Permutation

e |nsuresthat

A. Adjacent coded bits are mapped to subcarriers
which are N /N, 4 apart

B. The entire bandwidth is covered In N, 4
steps.



Second permutation

Bit order is changed row-

WISe. Bits
From encoder

Prevents run of low
reliability least significant

bits.
Ecr)leél ous properties still Bits
' . N og To
A. NJN._ 4 Separation o M apper
between adjacent
coded bits
B. BWiscoveredin N,
steps.

I\chps/ |\Imod



Example

QAM16 Ncpc=4

2 subchans Nc=24
Nmod=12

Writein cols

Read out to mapper
IN rows

First permutation
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Example: 2" permutation

» Read out to mapper
IN rows

0 12 24
13 1 37
2 14 26
15 3 39
4 16 28
17 5 41
6 18 30
19 7 43
8 20 32
21 9 45
10 22 34
23 11 47
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Example: allocation into
subcarriers

e Allocation of bitsinto subcarriers;
—Format subc:bit

00:g0 02:g1 04:g0 06:gq1 08:90 10:g1 12:90 14:gl 16:90 18:9q1 20:9q0 22:q1
00:g1 02:q0 04:gq1 06:g0 08:g1 10:g0 12:g1 14:90 16:gq1 18:g0 20:g1 22:90
00:i0 02:i1 04:0 O6:il 08:i0 10:i1 1210 141 1610 181 20:i0 22il
00:i1 0210 04:1 06:0 0811 10:10 1211 14:0 161 1810 2011 22:0
01:g0 03:gq1 05:q0 07:g1 09:q0 11:g1 13:90 15:91 17:q0 19:.91 21.9q0 23:.q1
01l:gl 03:90 05:q1 07:q0 09:g1 11:gq0 13:gq1 15:90 17:g1 19:90 21:gql1 23:90
010 031l 05:0 07:1 0910 1111 1310 15601 170 19141 210 23il

0L:i1 03:0 05:i1 07:0 09il1 110 131 15:0 171 19:0 2Lil 230



Interleaver partitioning

If N4 divides N, we have avery regular
structure.

Can be broken into ssimple subcarrier and bit
permutations.

Simplifies H/W design and code reuse.

With 2 subchannels N =24 and N,,,;=16 so this
structure s broken.



Problem with Nsubch=2.

e Theresulting mapping is

00:g0 01:i1 03:g0 04:i1 06:g0 07:i1 09:q0 10:i1 12:q0 13:i1 15:90 16:i1 18:g0 19:i1 21:90 22:i1
00:g1 01:i0 03:g1 04:i0 06:g1 07:i0 09:gq1 10:i0 12:q1 13:i0 15:g1 16:i0 18:g1 19:i0 21:g1 22:i0
00:i0 02:q1 03:i0 05:gq1 06:i10 08:g1 09:10 11:g1 12:i0 14:gq1 15:i0 17:g1 18:i10 20:g1 21:i0 23:ql1
00:i1 02:g0 03:i1 05:g0 06:i1 08:q0 09:i1 11:g0 12:i1 14:q0 15:i1 17:90 18:i1 20:90 21:i1 23:q0
01:q0 02:i1 04:q0 05:i1 07:g0 08:i1 10:g0 11:i1 13:90 14:i1 16:q0 17:i1 19:90 20:i1 22:90 23:i1
01:gq1 02:i0 04:q1 05:i0 07:g1 08:i0 10:g1 11:i0 13:q1 14:i0 16:g1 17:i0 19:g1 20:i0 22:q1 23:i0
e Sometimes steps of 1 sometimes steps of 2.

* Not regular and some loss of performance is expected.

 Should change N, -

 What isthe optimal value ?



Optimization of Interleaver
parameters

* Objective: To determine the effects of N, on the
Interleaver performance.

* Extensive simulations were performed.

e Conditions:

— SUI 1,2 & 3 channel, normalized to unity power- (to eliminate flat
fading effects).

— For every packet a new channel is generated.
— 400 bytes packets

— Known channel state information.

— No quantization effects

— At least 2000 packets



Results for 1 subchannel
SUI 3

Mod |rate |SNR[dB] for Pe=1072 for Current | Best | mprovement
N mod™— N mod N mod
3 6 12 16
PSK
Q 1 7.5 I 8 NA 12 6 0.5
PSK
Q 3, 16 18 14 NA 12 12 0
QAMI6 | 1 L/, 14 13 13.8 | NA 12 6 0.8
QAM16 3/, 205 |25 20 NA 12 12 0
QAM®E4 | 2/3 22 23 225 | NA 12 3 0.5
QAM6E4 3/ 255 | 27 255 | NA 12 12 0




Results for 2 subchannels
SUI 3

Mod |rate |SNR[dB] for Pe=1072 for Current | Best | mprovement
Nmod: I\Imod I\Imod
3 6 12 16

PSK

Q A 8 7.2 8 8.5 16 6 1.3

QPSK 3, 145 |18.0 |135 |14.1 |16 12 0.6

QAMI6 | 1 L/, 144 |13.0 |13.6 |14.1 |16 6 1.1

QAM16 3/, 207 (212 |193 |20.0 |16 12 0.7

QAM®E4 | 2/3 223 (228 |[219 |21.8 |16 16 0.0

QAM6E4 3/ 273 273 |251 |251 |16 16 0.0




Results for 2 subchannels,
SUI'1&2

Mod |rate |Chan | SNR[dB] for Pe=102 for Current | Best | mprovement
N mod™— N mod N mod
3 6 12 16
PSK i
Q A ui2 6.2 6.6 04
QPSK 3, Sui2 122 |12.8 |16 12 0.6
QAM16 | 9 L/, Suil 10.6 |10.9 |16 12 0.3
QAM16 3/, Suil 151 |159 |16 12 0.8
QAM®E4 | 2/3 Sui2 |20.7 (207 |20.1 |20.3 |16 12 0.2
AM64
° !




Results for 4 subchannels
SUI 3

Mod |rate |SNR[dB] for Pe=1072 for Current | Best | mprovement
Nmod_ I\Imod I\Imod
3 6 12 16
PSK
Q A 8.4 7.4 7.7 8.3 16 6 0.9
PSK
° ¥4
QAM16 A 143 |132 |13.2 |140 |16 12 0.8
AM16
0 !
QAM®E4 | 2/3 227 (219 |(215 |21.7 |16 12 0.2
AM64
° !




Results for 4 subchannels,

SUI'1 &2

Mod |rate |Chan | SNR[dB] for Pe=102 for Current | Best | mprovement
N mod™— N mod N mod
3 6 12 16
QPSK |1 L/, ui2 6.2 6.2 16 16/12 |0
PSK '
Q 3, sui2 8.0 8.3 16 12 0.3
AM 16
Q 1
AM16
0 !
QAM®E4 | 2/3
QAM6G4

a




Results for 8 subchannels
SUI 3

Mod |rate |SNR[dB] for Pe=1072 for Current | Best | mprovement
Nmod: I\Imod I\Imod
3 6 12 16

PSK

Q 1/

PSK

° ¥4

QAM16 1/ 158 |125 |13.0 |139 |16 6 1.4

AM16

0 !

QAM®E4 | 2/3 240 |21.7 (212 |21.7 |16 12 0.5

AM64

° !




Results for 8 subchannels,

SUI'1 &2

Mod

rate

Chan

SNR [dB] for Pe=102 for

I\Imod

3 6 12 16

Current

I\Imod

Best

I\Imod

| mprovement

QPSK

Yo

QPSK

3

QAM16

Yo

QAM16

¥a

QAM64

2/3

Sui 1

184 | 18.55

16

12

0.15

QAM64

a




Results for 16 subchannels,

Mod |rate |Chan | SNR[dB] for Pe=102 for Current | Best | mprovement
Nmod: I\Imod I\Imod
3 6 12 16

PSK

Q A

PSK

° ¥4

AM 16 '

Q. 1 Sul 3 134 | 134 0

AM16

0 !

QAM®E4 | 2/3 Sui 1 186 |185 |16 12 0.1

AM64

° !




Conclusions

The optimal N4 depends on modulation , coding
rate and number of subchannels.

By selecting the optimal N4 per case,
Improvements of up to 1.4dB can be achieved.
The value on N, ,,=12 iIsagood choice:

— Slightly improve performance in all cases ~0.5dB.
— Remove the abnormality in the case of 2 subchannels.



Recommendation

» Changethevaueof N_ ., intable 1164l
from 16 to 12 for all cases.



Appendix: ssmulation results
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