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Digital Passband Moadulation - Introduction

» Baseband transmission is conducted at low frequencies.

» Passband transmission happens in a frequency band toward the high end
of the spectrum.

» Satellite communication is in the 6—8 GHz band, while mobile phones
systems are in the 800 MHz—-2.0 GHz band.

» Bits are encoded as a variation of the amplitude, phase or frequency, or
some combination of these parameters of a sinusoidal carrier.

» The carrier frequency is much higher than the highest frequency of the
modulating signals (or messages).

» Shall consider binary amplitude-shift keying (BASK), binary phase-shift
keying (BPSK) and binary frequency-shift keying (BFSK): Error performance,
optimum receivers, spectra.

» Extensions to quadrature phase-shift keying (QPSK), offset QPSK
(OQPSK) and minimum shift keying (MSK).
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Digital Passband Moadulation — Binary Passband Modulated

—Sigmnars
(a) Binary data

(b) Modulating signal
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Digital Passband Moadulation — Recall from previous material
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» To detect by, compare f, to the threshold value T

T, N/ 5
b= [rh,at TSt T2 In(lj
0

2 S22 o S12

—> plerror]= P{( 0"decided and "1 transmltted)or}

("1"decided and "0"transmitted )

%

(3o, )

~

r(3),)

e

e A A
S5 \ i ]
Area A " AreaB

choose 0, <= | —» choose 1;

T

distance between the signalsj

P
[error] Q[Z\/ij ( 2 x noise RMS value
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Digital Passband Modulation — Binary Amplitude-Shift Keying (BASK)
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Sl(f) p— 0 HOTH
: <T, f —n
{ so(t) = Vecos(2mfot), “1p" 7 0<t<Ty, fo=n/Ty

5, (1) 5, (1)

? ~— 4()

RN v

(a)

1 T, | ] =2, = 1,
r® I-=® - [(i)df gi . |  Comparator p———

T 0 T nL<I,= 0,

@,(1) R E Try to
T.'H — ‘Nﬁl lﬂ‘ ﬂ |+£ . .
2\(Epax \B) 2 derive this
(b)
Choose 0, <= | —> Choose 1,
5:() 5,(0) ]
* 1 *— q:jn*r(z)@,(z)dz
 JEue /2
(c) E
BASK
Plerror|gask = @ -
21\'0
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Digital Passband Moadulation — PSD of BASK *

ECE

> Notice that
—> Spask(t) = syrz(t) X cos(2mf,t)

(a) Binary data 1 0 1 1 0 0 1 0 1

1
(b) Modulating signal

0 | :
m(r) 25, 3T, 4ar, s, en, 7L, 8n, 9

R e
L L L LA

—> Spask(f) = Syrz(f) * F(COSZ(Zﬂfct))

_ (VP Tosin® (fTy) | V2O (8U = 1) + 8¢ + 1)
_< * T >*< 4 )
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Digital Passband Moadulation — PSD of BASK ‘*

— Spask(f) = Snrz(f) * F(COS(Zﬂfct))

_ (VZTbSinCZ(T[fTb) N V25(f)) ) (5(f —f) +6(f + fc)>

4 4 4

B (VZTbSinCZ(ﬂTb(f — ) N Ves(f — fc))

16 16
V2T,sinc?(nTy,(f + ) V26(f + )
T ( 16 T 16 )

VZ
— E(5(f —f)+6(f+f.)+ TbSinCZ(T[Tb(f — 1))
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Digital Passband Modulation — PSD of BASK

T/ 2 .
Seask(f) = o(f — fe)+o(f + fe) +
51112[ Ty(f + fo)l N sin?[7Ty(f — feo)]
2T (f + fo)? w21 (f — fe)?

e

VaWwAN /\/\ iy
foto

0 J‘}—— Je

b b

Approximately 95% of the total transmitted power lies in a band of
3/Ty (Hz), centered at f..
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Digital Passband Modulation — Binary Phase-Shift Keying (BPSK)

s1(t) = —V: cos(2m f.t). !f ::OT:: C0<t<T,
so(t) = +V cos(2mf.t), if “Ip |
511 0 0 -
® l > qﬁl(r):\/;cos(brﬁf)

\.I'EBPSK \.IIEBPSK
Try to derive oF
these \ P[EI’I’DI’]BPSK = Q (\/ BPSK) .

No

S\ () = V2 SiIlQ[TT(f — fe)Tb) N Sil]z[ﬁ(f + fo)13]
EUT A [ R fT,  P(+fPT ]
Similar to that of BASK, but no impulse functions at +f,..

BIRZEIT UNIVERSITY
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Digital Passband Modulation — Binary Frequency-Shift Keying (BFSK)
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Oscillator 1 (f))

> 7
\
- O > s(7)
(
0

Oscillator 2 (f2)

so(t) =V cos( ’ngt 1 92) if “1p

> Minimum frequency separation for coherent orthogonality (61 = 63):

Try to (;ﬁ f)[cnherent 1
derive this e 2T

» Minimum frequendy separation for noncoherent orthogonality

(91 % 92)1 |
A [noncoherent]
( f)mln Tb
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Digital Passband Modulation — Binary Frequency-Shift Keying (BFSK)
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1) ————- VCO e i)

(b}

I 51(0) = Veos 2w (. — fal
) < I = T,
52(1) = Vcos 2m(f, + falt

» where £_is the carrier frequency and 7, is the frequency deviation

Te = a /4T,
_ | m/4Ty  (coherent orthogonality) € Jarive this
4 m/2Ty (noncoherent orthogonality)

»Where n>»m
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Digital Passband Modulation — Binary Frequency-Shift Keying (BFSK)

Decision boundary
— when P =F

O -40V2
6, () - (1)) 55(1), 80\ Enren

~ Choose 0,
Choose 1, Enrsx~0) i
A 0
5,(8) ‘

| E
Plerror|gpsk = @ %
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Digital Passband Modulation — PSD of BFSK
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sin?[7 T, (f + f2)]

sin? [T (f — f2)]]

Sersk () = o(f — f2) +o(f + f2) + 2T (f + f2)2

16
V sin?[7 Ty (f + f1)]

2Ty (f — f2)? |
sin®[7 T (f — f1)]]

2
6
2 [ -
T + E_d(f_fl)+d(f+fl)+ frg'Tb(f‘l'fl)Q

2 Te(f — f1)% |

Try to
S Bandwidth 7 = (£, — £)+3/7,
e -
2 VE
6 Mg
- =t L T A L +—>
- ;f —|—_ - q-'-_
/i T t A r /> T /> T
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Digital Passband Modulation — Binary Frequency-Shift Keying (BFSK)
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FSK Demodulation (Coherent)

Th

1

4§_. L’b N

cosmyqt Baseband
Data

xpsK(t)e—se
cos() ot Ty

Ty
f e
0

FSK Demodulation (Non-Coherent)

| velope
¥ Detactor

X (1) BPF at Domodulatod
| (F1-fo) . wore
" _% I hm--clop-c
v Detector

cos (2rf ,i) BPF at
(f2 -1,0)
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Digital Passband Modulation — performance Comparison of BASK, BPSK and

RLOCOL
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— D7 JIN ECE

10

BASK and BFSK

Plerror]

" ; ; ; ;
0 2 4 6 8 10 12 14
E,/N_(dB)

2E}
_'.'?\KTD

Ey,
_'.'?\K'TD

Plerror|gpsk = @ , Plerror|gask = Plerror|grsk = @
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Digital Passband Modulation — Quadrature Phase Shift Keying (QPSK)
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> Basic idea behind QPSK: cos(27 f.t) and sin(27 f.t) are orthogonal
over [0, 73] when f. = k/T}, k integer = Can transmit two different
bits over the same frequency band at the same time.

» The symbol signaling rate (i.e., the baud rate) is
re=1/Ts =1/(21T}) = r,/2 (symbols/sec), i.e., halved.

0

Bit Pattern Message Signal Transmitted
00 my s1(t) = Veos(2rfet), 0<t<Ts=2T}
01 Mo so(t) = Vsin(2nft), 0<t<T,=2T,
11 ms s3(t) = =V cos(2mfet), 0<t<Ts=2T
10 My sg(t) = =Vsin2nfet), 0<t<Ts=2Ty
m, =00 : my=11 | m, =0l : m, =10
AARAAAMAAA NS
L WUVWUVURVVYVWUVY
27, 47, 6T, 8

Iy
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Digital Passband Modulation — Signal Space Representation of
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T, V2
f s7(t)dt = - T = V2T, = E,.
0

s1(t So (T
1(t) = 1%): Ba(t) = LEE).
@, (t)
5, (#)
—.—_
/ G
5,(0) | 5,0
* > . > ,(t)
s1(t) = V cos(2mfct),
e so(t) = Vsin(2nf.t),
.34@) s3(t) = =V cos(2m fet),
sa(t) = =V sin(27 fet),
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Digital Passband Modulation - optimum Receiver for QPSK
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—_ P[error] =1-— P[correct] <€—— Minimize Error or Maximize correct decision

(S, decided and S, transmitted )or -
(S, decided and S, transmitted ) or
(S, decided and S, transmitted ) or

(S, decided and S, transmitted)or |

—> P|correct]|=P

= P[Sl,D’Sl,T]+ P[SZ,D’SZ,T]+ P[S3,D’S3,T]+ P[S4,D’S4,T

= P[Sl,D /Sl,T]P[Sl,T]+ P[SZ,D /SZ,T]P[SZ,T]
T P[SB,D /SB,T]P[SB,T]+ P[S4,D /84,T ]P[S4,T]

= Pljf(Flsl,T)dF"' P, J‘f(F/SZ,T)dFJI- P, jf(F/S3’T)dT+ P, J.f(T/S“)dF
R R Rs Ry
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Digital Passband Modulation — Optimum Receiver for QPSK
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m-dimensional observation space

l; = {rlr:r]:"'rrm)

*,

Choose 5,(1) or m,
X,
Choose s,(f) or m,
x,
s Choose 5, (f) or m,
Choose 5,(r) or m,

Pleorrect] = fﬂ% Py (fls1(t))d7 + f% Po f(7]s2(t))dF

4 /ﬂ% Py (Fas(1)d7 + f Py f (7lsa(t))dF.

R4

Choose s;(t) if P;f(7]si(t)) > P;jf(7]s;(t)), 7 =1,2,3,4; j # 1.

© Or. Mohammad Jubran Modern Communication Systems, ENEFE3306 Lecture 3 - Slide 19



Digital Passband Modulation — Simplified Decisfon Rule and Recelver

—Implementation
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No

Choose s;(t) if

—2—]11}3 + 71181 + 1282 > :§—]11}3 + 7151 + 72552
j o J‘.‘Q_"?)‘._]:-_ J # f-.

r(7)

@, (1)

o, (1)

t=T =2I,

-
——0

t=T =2I,

. I,
—0

hsi

Compute
N,
+15,, 17“ In(P,)

forj=12.3.4
and choose

the largest

Decision
q
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Digital Passband Moadulation — Minimum-Distance Receiver
| BIRZEIT UNIVERSITY

Choose s;(t) if (1] — 5i1)° + (r9 — s;9)° is the smallest

Choose m=01_

& (1). 13

® 5, (1)
- =
T T
i s5(f) N /4 s, (1) =
o & ) *— o
S 0 a(r). 1 &
o =
o= et
o o

® 5,1

‘Choose my=10"

© Or. Mohammad Jubran Modern Communication Systems, ENEFE3306 Lecture 3 - Slide 21



Digital Passband Modulation — Symbol (Message) Error Probability of
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—OPSK ECE
Choose m-—01
I
A
® 5, (1) ﬁ
7 7
N
@
™ L ™
_ N =
T e’Ky"'-- ..... ﬂ\‘ ‘\". Ll-_-r
o 55(1) TN 1 5 NN
o * =i i
S 0 (RN T
2 WX 8
= Nt e A =
[ ;j ‘=.‘________’___.e" [
N
é
&
| AL

Choose ny=110

Es

-

V0

Plerror] = Plerror|s;(t)] = 1 — Plcorrect|s;(t)] =1— [1 —Q
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Digital Passband Moadulation — Bit Error Probability of QPSK
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Choose a0
ry

I 540t}

E
5 Plma|lmi] = @ (\/N—;) 1
};4;%§u =
E Plmalmi] = Q2 (\/i—z)
: Bs
Plmalmi] = Q (\/N—;)

Choose m;

Choose mey, =10

Plbit error] = 0.5P|ms|mq| + 0.5P[my4|mq| + 1.0P[msz|m]
Es
— 0 ¥

Gray mapping: Nearest neighbors are mapped to the bit pairs that differ
in only one bit.
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Digital Passband Modulation — An Alternative Representation of QPSK

BIRZEIT UNIVERSITY

ECE

¥ cos(2af ¢)
a,(t) 2 i
a(r) s(1)
— Demultiplexer N
a, () @
Vsin(277f)
ay iy a Iy iy d, a a, g
Bit sequence 1 0 1 1 0 0 1 0 1
1
a(r) 0 : : > 1
0 Ll 27 3T, 47 5I, 6I,| 7I,| B8I| 97T,
-1 — |
g ay y g ay
1
a,(f) 0 : : t — ' : — T
0 I, 21, 31, 41, 51, 6T, 71, BI, 9T,
-1
h a, . a
1
a, (1) ] : t : : : —= 1
: 0 I, 21, 31, 47, 5I, 6I, TI, 8T, o7,
-1
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Digital Passband Modulation — An Alternative Representation of QPSK

ECE
a I{rj Feos(2 It_f; f)
TLZ" —_ —_ —_ _ _
0
-V ! | T T ] ]
0 o ATb _ 6T 8T 10Tb
a _o{rj Vsm(2nf 1)
T"Z"_ —_——— —. — iy — — | ——y — — g — —_
| | I
0 |
| l ;
| i !
e | ; L - ]
0 AT 6Tb 8Tb 10Tb
5 qpse A OVcosQuf ey ta ) Vsin(2nf 1)
Thl"
0
_Thl"
0 o +To s $To 10T
s(t) = ay(t)V cos(2mfet) +ag(t)V sin(27 fet)
— 17(t) + ag (1)V cos ( 27 fet — tan () = V2V cos[27 fot — 0(t)].
1

( /4, ifar =41, a9
—m/4, ifar =41, a9 = —1 (bits are 10)
3r/4, ifar =—1,ag = +1 (bits are 01) °

—3m/4, ifar =—1,ag = —1 (bits are 00)

+1 (bits are 11)

O(t) = 4
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Digital Passband Modulation — Signal Space Representation of I <o

—PPSK ece
by (1) = YeosCrfet)

V2T .
< . V Siﬂ(?ﬂ_ﬁ:f) . 0 < t < TS — ZTE]

\ 02 (f) \/ﬁ

o, (1) = Esin@ﬂ'ﬁrj

ay=la,=1= Bt)y=m/4

ap=—la,=1=6(r)=3n/4

|I 0 II 2
@G (1) = \/T:coa(ifrjf:rj

ay=-la,=-1=0(t)=—37r/4 \ _a=lay=-1=0@)=-7/4
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Digital Passband Moadulation — Receiver Implementation of QPSK
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C
Quadrature bit stream Inphase bit stream -
s2 (1) 0 () s () 0 s (1)
. I o o(f)—e | o— ¢(1)
VT, VT, VT, VT,
N2 2 N2 2
t=T,
L ~ I
|(e)dt —o Threshold = 0
0 ‘ a,(t)
r(f)
—® Multiplexer —® a(f)
A1) .
r _ T
: I ay(t
—F?—b j(-}df —0 = Threshold = 0 o)
0
(1)

P|bit error| = Q
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Digital Passband Modulation — Offset Quadrature Phase Shift Keying

BIRZEIT UNIVERSITY

—(COFPSK)

ECE

In OQPSK the a(t) and ag(t) bit streams are offset by one bit

interval 1.

Bit sequence

a(r) 0
-1

1

a,(t) 0
-1

1

ag(ﬂ 0

a, a, a, a, a, a, a a, a,
0 1 o 1 1 0 0 10
: : >t
o | 2;| 3m| 41, sn|  er, 1n| sn| o1
a, a, a, a,
: : : : : : —
0 T, 2T, 3T, 4T, 5T, 6T, 7T, 8T, 9T,
a, a, a, a. a,
i f i i f f t
0 T, 2T, 3T,| 4T, 5T, 6I, 71, 8T, 9T,
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Digital Passband Modulation — Offset Quadrature Phase Shift Keying
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—(COFPSK) =CF
aj(r] FCDS(Z'.I'E_}‘; t)
v —_ J— —_ j— [ [ —_ —_ J— —_ —_ J— —_ j— R —_
0
-V L L | R T | L | |
0 Th 2Thb 3Tb 4Th 5Tb 6Th 7Tb 8Tb 9Th 10Th
a G[r‘} Vsm(inﬁ f)
vr N A NN N
| I
I I
Or |
' |
I | |
L AR ] — __I - _jl ] | - ] — __I - ] — _-i |
0 Th 2Tb 3Tb 4Th SF;I'b 6Th F}?Tb 8Tb 9Th 10Th
5 oQe SK(I]:-:‘I I( HVco s{Jl:j‘; f+a Qr;r) I-"sm(drtf; 1)
gl ﬂ
D H
) |
| | | | | | U | | |
0 Th 2Th 3Th 4Th 5Tb 6Th 7Tb 8Tb 9Th 10Th

?I.

© Or. Mohammad Jubran Modern Communication Systems, ENEFE3306 Lecture 3- Slide 29



BIRZEIT UNIVERSITY

Digital Passband Modulation — Minimum Shift Keying (MSK)

ECE

Both QPSK and OQPSK signals have sudden jumps.

MSK eliminates the jumps altogether by applying weighting
functions to the carriers V cos(27 f.t) and V sin(27 f.t).

i
‘\.ECOS —_—
21,

a, (1) Inphase signal

V cos(27,t)

a(r) 5(7)

r - /L
—| Demultiplexer \+/ -

ﬁg(f)

Quadrature signal

T

«,E sin| —
2T,

. ) V sin(277.1)
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Digital Passband Moadulation — Generation of an MSK Signal
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aff) a6 cos(m (2T, )) Veos(2nr §)
1 - = T B -
. -~ », N . - - N ) ; - . v
ok AN ) . L7 '@
cos(m 62T}~ - g ~ s 0 ie)
-1t | | T T s il | 1 |
-Tb 0 Th 2Tb  3Th 4Tb  5Tb 6T 7Th 8Tk 9Th  -v
2"']5' !.'I ET 1 1 1 1 1 1 ]
af02 " cos(m (21,)) ~Tb 0 To  2Tb  3Tb  4Tb  5Tb  6Tb  7Tb &b 9Thb
1 a, (02" sin(x 60T )) Veinnr
0 0 :
()
-1t 1 1 1 1 1 1 ] W
~Tb 0 ™  2Tb 3Th 4Th 5Tb &Tb  7Tb  8Tb  OTh
aa{:] 0 i
1F ,f/;-u e — -V
ok !_‘__ \‘ J‘#/ x\“\ f{/ . 2| 1 = 1 HI 1
a1y " P . .- © -Tb 0 Th Te 3T 4Tb 3Tb  6Tb 7Ih 8Tk 9Th

o m e m o e s T SyrOma 02" cost H2T,)) Veos(2nf - 62" sinfm 627 )) Vein(nc

aq{a‘]iu'ssjn(n H(2T.)) i

-Thb a Th Thb 3Tb 4Tb 5Tk 6Th T 8Tk v  -Tb 0 Th 2T Tk 4Th 5Th 6Tb TThb 8Tk 0Thb
[ f
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Digital Passband Moadulation — Block Diagram of MSK Receiver
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h-125-T, | a(t)

Multiplexer [—# a(f)
@, (1) t= k2T,
i k21, Pa I T agy (1)
O — I (e)dr —oO Threshold = 0
T (k=127

¢ (1)

'klrn_rn - I,
—h?—h— I (o)dt —DMF Threshold = 0

r(t)

»n(t) = \/_blll( T ) V sin(27 ft ]/ V2T,
do(t) = |V2cos (;ﬁ ) V cos(?wfct)} / V V2T

b

2F
i\r{]

P|bit error] = Q ( ) . Ep = VT, is the energy per bit.
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Digital Passband Modulation — A Mathematical Description of MSK e X

—Sranafls ECE

s(t) = a.;(t)\/icos( Q?b)Ifcf.os(waet)+a.Q( t)v2 em(

=  Acos(2wf.t —0).

7 sin(27 f.
Tb) V sin(2mf.t)

1

7 t
A= [a%(t)QVQ cos? (ﬂ ) + agy(t)2V7 sin® ( } )} =2V
b

ag(t)sin (Qﬂ—) - "
0 = tan " ’ — tan ! {:t tan ( i )} — + i

21, 2Ty

= s(t) = V2V cos |2 [ 4 (f"-‘ 8 LT&.) }

An MSK signal is of either frequency fo = f. + m or f1 = fe — 4Tb =

can be viewed as frequency-shift keying signal with continuous phase.
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Digital Passband Modulation — Power Spectral Density

O

--- BPSK :
|+=- QPSK/OQPSK [l

I
—_
Lo

I
()
(=]

Normalized Power Spectral Densisty (dB)
|
S

—1 1

0
(FF)/r, (Hz/bits)

cos 27 (f — fe)T}]
Am2(f — fe)? — w2 /(4T})

Smsk(f) = K ! AT2(f + fe)? — w2 /(4T#)

[ cos[2m(f + fo)Tp]
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Digital Passband Modulation — Modulation in 2G Cellular Wireless

BIRZEIT UNIVERSITY

—Systernts ECE
Region Europe North America | Japan North America
Frequency band | 900/1800/1900 | 800/1900 700/1500 800/1900
(MHz)
Multiple access F/TDMA F/TDMA F/TDMA F/ICDMA
Carrier spacing 200 30 25 1250
(kHz)
Modulation GMSK OQPSK OQPSK BPSK/QPSK

Speech coding | VSELP (HR-5.6) | VSELP (FR-7.95) | PSI-CELP (HR-3.45) | QCELP (8, 4, 2, 1)
(kb/s) RPE-LTP (FR-13) |ACELP (EFR-7.4) | VSELP (FR-6.7) RCELP (EVRC)
ACELP (EFR-12.2)

Frame size (ms) 4.6 40 20 20

Channel coding | Rate 1/2 Rate 1/2 Rate 1/2 Rate 1/2 or 1/3
(convolution code)

HR: half-rate codec; FR: full-rate codec; EFR: enhanced full-rate codec; EVRC: enhanced variable
rate codec
An adaptive multitate (AMR) codec for GSM is currently being standardized by ETSI

Table 1. Air interface characteristics of 2G systems.
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Digital Passband Modulation — Modulation in 3G CDMA-Based Cellular

—Systems

BIRZEIT UNIVERSITY

ECE

Multiple-access | FOD: DS-COMA | FDD: DS-COMA | FDD: DS-COMA | FDD: DS-CDMA FOD: TOMACDMA DS-COMA DS-COMA
TOD: T/CDMA TDD: TAZDMA DS-COMA
TDD: TACDMA TOD: TOD: TICDMA
DS W-COMAIFL)
DS 5-TDMA (RL)
Duplkex scheme | FOOITDD FOOVTDD FDOOLVTDD WLDMA FOD FOOVTDD TOD FoD FoD
micke: FOD
STOMA TDD
made: TOD
Chip rate (Mcis) | FDD: 4.098/ 1.2288xN Meps | FDD: 4.095/2.1927 | 4.096/8.192/ 1.024/4 0960 [1.1136 1.02 474,098/ 0.9216/3. BRE4
2.19216.384 [MX) 16.384 16.384 219216 384 2192116384 14.7456
TOD: 4,006 TDD: 4,096
Frame length 10 s 2005 ms 10 s 10 mes 10 s s 10 s 10 ms

Chanrel coding

Corvolutional

Corwvo lutional

Corwoluticnal

Corvoluticnal

Corvolutional

Convolutional

Corvolutional

Corvolutional

coling coding conding coding codling coding coding coding
{rate 12, 173, (R="1/2, 143, 174, |{rate 172, 1/3, FLR=1T2, K=7., [(R=12113, [(R=34 K= 9); |(R=121/3, V4| R = 1/2, 113, 1/4,
K=19); K=49) K=19); RL: R=13, K=9 K= 19 optional outer 16, K = 9), select{ 1/6);
opticnal outer Turbo code of opticnal outer RS Turbeo code of [ RS code; able FEC opticnal outer
RS codimg (rate  [R=1/2, /3, 1/4 | coding (R = 4/5) R=1/3 Turkss cocle of for low rate data; [ (47, 41) RS code
= and K= 4 (pre- K= 13 (data K=4 R=1i2 Turbo code of

femed for date trarsmission | (prefemed fordatd R= 1/3 and K = 3

trarsmission over 32 kb's) |rate greater than | for high rate

over 14.4 kb/s 18.2 kb/s NRT data and packet

on supplemental sarvica) data

channel)

Irterlsaving Imterfintraframe | Intraframe Interfintraframe | Block interkaving Multistage Irterframe, Irtraframis Irtraframe
[rz cletails given) intra or inter-
frame
Data modulation | FOD: QPSK (FL) FDD: CPSK FDD: DOPSK, and OPSK (FL) FL: QPSK

FL: OPSKE, BPSK (RL) FL: QPSE, FL: QPSK, T60QAM for high | BPSK (RL) RL: BPSK
RL Duakchannel- RL Dualkchannel RL: Dualchan- [ data rate
OPSK; OPSK; rel OPSK
TOD: TDD: TOD: OPSK
CP3K (RL&FL) OPSK (RL&FL)
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