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Abstract-The air interface of a mobile wireless
data system represents a formidable design chal-
lenge. Limited bandwidth, multipath fading, a
wide range of user speeds and locations,
enviromental noise, and the many other issues
associated with RF propagation in diverse terrain
enviroments all place constraints on the design
and performance of the air interface protocol not
experienced with other media.

The RD-LAP air interface protocol has been
designed for such an enviroment and represents
the state of the art in current wireless packet
data networks.

This Protocol uses 4-level FSK modulation to
achieve bit rates of 19.2 Kbps on 25KHz channels
and 9.6 Kbps on 12.5KHz channels. It employs a
combination of rate 3/4 Trellis coding with
interleaving, error detection and automatic
retransmission to attain a high tolerance to the
burst errors induced by multipath fading. Reverse

channel contention is managed using the slotted



24 vlole} 4l vl =%

Digital Sense Multiple Access protocol.

Several duplicate packet elimination mechanisms
are used, and a rich set of channel management
messages and procedures are defined. The latter
allows RD-LLAP to be used in a wide varity of
radio system configurations, from cellular multi-
frequency reuse(MFR) based systems to single
frequency reuse (SFR) systems.
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T-SI Duration of Station ldentifier Block (22 symbols) 4.5833mSec 2.2917mSec

T-BLK  Length of Block (69 symbols) 14.375mSec 7.1875mSec
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SEEK
FSSP Time-oul! Frame sync delecy/
Assumc channcl IDLE | FRAME SYNC | Wait for end of microslot
SEEK 2
WAIT
: . RANDOM
TRANSMIT Lostsyne w channet,
FRAME Rewng o chininel TIME T_SHORT]
Channel IDLE / Del ;
T Y AT TR T ATV Y ay over
! \\E’T\{B '(:)C');R Wit for end of slat
MICRO-SLOT
Channcl BUSY ¢
Wit random ume Channel UNKNOWN /
Wit for next Micro-slo
RANDOM
BACKOFF Delay ow
. y over /
DELAY Wait for end of slot

20 10. w7l el e S DIAGRAM

htv)e] Ag Hapes ARzhe] Ad HEA o
o= 252G Folx HalAl diolet Hgel 443
4Ag $is dHEEct

1) %%}71 7} “RECEIVE IDLE" 4#lo] A1 HF
& kAl Fevd 2R A% PUE AU
A% B et fAg o1 Al 91 25 AAE7] 9

)M pDUY Y] HEe
717 HEE TS
SYNC SEEK™ /el & W &

2¥it

&

2) “FRAME SYNC SEEK” “efol A ©hat7)e= -
M 2% Frame Sync Sequenced &8 Al 2 Fol A
gropyfic, mra Al SrAle Ald el E R Sym-
boliz o} f1A1& dH e 5 vt

Frame Sync Sequence® &8 F thdvle B9
Delay timeS 7Zlebddol &hdl 1 AR 0o A

Afolol i

T-SHORTZ i
A3 FoAEh

shabs)stel Hi

3) “WAIT FOR END OF MICROSLOT" el & &

(836)



F4d diolel B #d =&

_29_

ol7bd ©t7]E Al 2 Microsloto] Edul 7+=] 71t}
glot stk o] AAe Ag delrt weten IDLE
d wE “TRANSMIT FRAME™ A48j &, BUSYolH
“RANDOM BACKOFF DELAY A8} 2, 12 i1 UN-
KNOWNO]® T}A] 5 Eofgtr,

ghofol] avbakel Ago] thE &Eo]l o71MdA £
G AU @ir)7t ofH thE o) f wEel §718E
23t “FRAME SYNC SEEK2” Zei 2 &714 ¥
=3

-
7

0ot

4) “RANDOM BACKOFF DELAY "+ ¥
o] 28 Zo]7] 93t 0ol T-LONGZ
A T-ACKZ Fgtol] 24 BE soj]rh

Hol Delay time2 HlolE} AEo ARt ACKNE
oA grow olzie Aurak Aol of & it M 3
@ Alzo A XA S FAE

b7
i

],z-l o)

1=

AshA spobd o
orow Wi

) 1A Fo] HeletE
& Frame Sync Sequence?} ¥ 45 A
“FRAME SYNC SEEK” E¥ “FRAME SYNC
SEEK2” A}efoll 4] Frame Sync Sequence® =] X&)
Al gt

olufoll = FSSPE ¥<F 71the th7) Time Our®H
Alz®o]  Busy?t  oldElam  desly
“TRANSMIT FRAME" el 2 o] 7HA #io}

b

4.4 ALOHAR} CSMAR}2] &8 H|in

100
90
80
70
60
50
40
30
20

10%

4-DSMA

Slotted- ALOHA

T8 L AR e S ohe) Throughput B il

Rit

[ lelstelatzfr]o]

0 starl

e

X 2
it Array

12 12. 2 E 3 Serializing)
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V. Foward Error Correcting

> Abgabe) o] Share) F e

- 3/4 FECE i
E%;Hl glciel o I + o

O‘}oﬂ 4] RS

RD-LAPL
PDUC| IhEl

of =5 ZFEIG
BE HEEe FEC 229 o] 571 Holiz [2ufe] o]
I AT o] ¥ ol 3= 664] o] Hels sk Eln)

5.1 & 8 35|(Serializing)
2o] Al chAlsz 12709] OcrerE &
2 gl A7)+ el ek
e G s el el 22
H 8 wpete] 9 F

1 Bicls - 5033 0 &

ol 1 ]

FEgu LN

96Bit

ZZ~ _11_77],

ujetol

5.2 34| £ Grouping

A E 9670 9] BieE S 3704 32708 -
W 520009] bt EdA 33709 wri-bick 44

o] tri-bittr - 0ol A 77hA] 2] Decimal i+ 2+

v},

1Eo R U}
ghul,
A E

53 EdzA 3Y

o] Iy 33709 tri-bitE S YHalod 66742 4
level A48 vhob ¢ Ruled} QFare]2oll 2l &
sk,

Mg 2vER DR daxog 3uE]

Aele- AvlES] g AatatA wluh 3o 4]
£ 30, -1.0, L0, 3.09] 478 & Soll &bE LjeRY
o] Wi g 270y REsla] 16709 MRS A
S ot Quk

14t Array

94

95 92 93 w1 95

I

] K

Mﬂ ll.cu M<I lzsn
0 ! Tri-bit Array 30 3 i
8] 13, 38] 2 Grouping
/% ol Wi & dloletel & 91X 9} 3| Ee) 417l e grol ols g4 R by $1AE ol %/

static int nextSte[ 8] [§] =

{
0,1,2,3.4,5,6,7,
0,1.2,3,4,5,6,7,
0,1,2,3,456,7
0,1,2,3,4,56,7
0,1,23,4,5,6,7,
0.1,2,3,4,56,7
0,1,23,4,5,6, 7,
0,1,2,3,4,56,7,




S R R -31-

/% thg vl 2 dlolefe] & 9]¢t 3njE L] 43 e
static int siglndx[8][8]=

{

T
>
2
]
-0
)

$hehR Y A5 golstt x /

0, 84,12 2,10, 6, 14,
4,12, 2,10,6, 13,0, 8,

1, 9,5, 18, 8,11, 7, 15,
5 13,3, 11,7, 15, 1, 9,

3,11, 7,15, 1,9, 5 13,
7,15, 1,9, 5,13, 3, 11,
2,10,6,14,0.8, 4,12,
6,14,0,8, 4,12, 2,10,

.
i

2

/% vk E e 29 NEel ghe Yol % /
2

1
saratic double signalP[16][2]=

f
t

1.0, -1.0, / *S,% /
1.0, 1.0, /*S,% /
3.0, -3.0, J¥8,%/
-3.0, -3.0, / ¥$.% /
-3.0, -1.0, / *S,% /
3.0, -1.0, J *S. %/
-1.0, -3.0, /¥ *
1.0, -3.0, /¥ %/
-3.0, 3.0, / ¥8% /
3.0, 3.0, / ¥S¥ /
-1.0, 1.0, / *S,% /
1.0, -0, J*S, ¥/
1.0, 3.0, J KS%
-1.0, 3.0, / KS¥/
3.0, 1.0, J *8,% /
-3.0, 1.0, / ¥S% /
N

void TrellisCoder (inBlock, outBlock)
int inBlock{33]:

double outBlock[66] :

{

/% 3370 3ulE 9le wld % /
/ % 6670 2] dlevel 4B ¥ /

int state ;
int k
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int th

mnt sig .

state =0
for(k=0:k{33:k+-+)

!
1

e

tb=inBlock[k]; /¥ ko] 9«

B
N

S 107 FE A ¥/
sig =siglndx[ state [ tb ]

outBlock[ 2%k ] =signalP[sig ]{0]:
outBlock[ 2% k-+1] =signalP[sig [[ 1]:

state = nextSte| state ){ th ]

28 14.3/ 4 wrellis sl o] Shale] &

o 71X 3.0 00, -102 01, 1.0 10, 3.0 119} ¢F
2R A A 48 ghe] 1011000011100] 2} a1
3

]
7HY ShbA 9ol Faie] s o) Bate] v a2
3

[ .
G kS P
rs :
o1 3 .
k JHI B ] th | state bk KRG = T s :
ot
0 101 5 0 10, 1.0 0110 ne : .
1 100 4 5 230, 10 0010 ! 7
2 001 1 4 10, 1.0 1010
3 110 6 1 1.0, -10 1001

a2l is vja oA o o] ™}

1812 E 28 B E Stream-S 01100010101010010] &

¢ 1his array specifies the interleave rule s/
static int intlvRulel00 -
5.4.C|Agl 8.9. 16,17, 24,25, 32.33. 40.41. 46.48. S6.57. B4.65.

1

3. 10,11, 18.19, 26,27, 34.35. 42.43. 50,51, 58.59.
5. 12,13, 20,21, 208.29, J6.37. 44.45. 52.53, 60.61.
7. 14,15, 22.23. 30.31, 38.33., 46.47. 54.55, 62.8)

taEy e vEe daigFell ols) shfel 4ln o

1] = Q zlo o] AlELo 5] = FEolol] 4
v] = E]-“ }’ 3= ] 47H ] e ] ﬂ E] ] % Oﬂ T void Inlerleave(inBlock.outBlock)
o : double inBlacki 66 :
ek 4= ok double outBlock’ 66 :
1
int i:
for € i % 05 0 < 6B: fee)
5.5 ClE{2 ) cutBlockl i} » inBlockl imtlvRulel i) 1:
WRAT SR 66709 dlevel A%S THE3} ol

Interleaving $H0}. & & M2 2] =A% v} Al ~H)
& 7R R deletg FFstun g oo oeh
&5 SEahA "t

8 16. Interleaving Y e8] F
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FA diojet 2 AY =F

—33—

V.8 &

SN BE, ol g, S YN AnHOR
HogRe) ZeEn s BdE A Lo el
yol fich,

2t HIZ(CIR)
Rrﬁﬁ 29 3} Ay
NREZ #HA18 + &}

= 'ﬁ% &, sl

=3
HE o § L
4% Ad g YIE(CIR

) Aol 47
A oS Fashe Foby AL

A& AR

el =&& @

T2 HolBol X AAld SNRE A F Hniet 53
S FAE S e FEolth

H 3. RD-LAPS| F207tx

Performance Parmacter Channel Type'| Valuce
Eb / No at Static 9.0dB
1% Bit Error Rate (BER) Fading 17.64B
Eb / No at 5% Packet Error Rate Static 3.4dB
(PER) Fading 19.348
Co-Channel Interference Ration Static 9dB
(CCIR) at 5% PER®
a B Aol o] Aubis 796Hz0] L& & ol 7198
860MHz ?l“ﬂ 100kph o} 7ro] Fup49} ]'L’k HIe o) vhedt

Z3}el e
b. RD—L/\P94 19.2Kbpsoll a1

6-2. ZEEX| 4= o248
3/4 Trellis Codong< Fading @ 4ol thal & 8}al

852 A4-g sl 132HE 328 E L= 2492
o] 4 588 7pxch

z} dlole} vlAl R o] & o Bi= 324 E CRCE
A& = A gh= ol &8 23%10EXP(-10), & 43¢

He] i 2] Foll 1702 gt
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. &

=
==

A2 0 2 Connectionless Random Access+= 2>
Holet A Fol M e wz*om 4gE AR x
sk Ak sl Aok sk dletol Aaga el e

el *%%4% A 5 4 A7)

A2 F Aol o}
Folth

RD-LAP ZREHL FHdiole] aAdg %ot 54
dloletel §&%2 dE&EE A &3t 192Kbpse] 3%

o AHELHTE 298},

S 3/4 Trellis coding¥ A% HAES Eslo
G AR Fading® & ~f4-a gk dEo A
o] S-DSMAY Aloha, Slotted Aloha 7L2] 3L CSMAE

Srbake: A S A Al dek

8 7P Ay sz :\pplicati()nol
= o 5L Al §-d F o] MFR-H
Gkt vl )

e & Es

SFRO ol &7 7= 9l 7b WAL

F+= 7o)
O]9} (0] RD-LAP R EFHL HEsls7) ke B
A 3] ALl A 1 AR 99 ofd A dk H]of

AR kel £ FA 717 W A3 Abh s A

71916kt

[0

O
[s)

Zow

g s gsta 9lal 53 2 ﬁ & B folEb &S 9
sted U8 Agure MR u)Fol iy oo uhsh

A& A9 N4 RS
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