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Overview for AMC

§ Modulation:

« Map the digital information to analog symbols to be
transmitted over a radio channel

§ Channel Coding:

e Add redundancy to the transmitted data to improve
the bit error rate performance of wireless channels

§ Adaptive Modulation and Coding:

 Dynamically change the modulation and coding scheme
(AMC) to mitigate the impediments such as time-
varying channel fading, interference, and mobility,
to maximize the spectral efficiency

A key technique used in 3Gwireless systems, WLANS,
and WMANSs
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Classical AMC

§ Focus on |mprovmg the physical layer
performance, i.e., maximize bit rate of per
symbols

§ Several distinguished professors in this direction
e Prof. A. J. Goldsmith (Stanford U., USA)
 Prof. L. Hanzo (U. of Southampton, UK)

§ Several papers

« “Adaptive Modulation over Nakagami Fading Channels”, M. Alouini
and A. J. Goldsmith, Wireless Personal Communications, 2000

* “Degreees of Freedom in Adaptive Modulation: A Unified View”,
S. Chung and A. J. Goldsmith, IEEE Trans. On Communications,
2001

e “Adaptive modulation, channel coding, and diversity tchniques for
next-generation wireless systems”, L. Hanzo, Nov. 2003
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Cross-Layer

Cross Physical Layer and MAC layer

Cross Physical Layer and Network Layer
Cross Physical Layer and Transport Layer
Cross Physical Layer and Application Layer

Several Active professors in this direction
 Prof. G. B. Giannakis (U. of Minnesota, USA)
e Prof. S. 1. Marcus (U. Maryland, USA)

* Prof. A. J. Goldsmith (Stanford U., USA)
* Prof. J. W. Modestino (U. of Miami, USA)

Several papers

AMC

* “Wireless link adaptation policies: QoS for deadline constrained traffic with
iImperfect channel estimates”, T. Holliday, A. J. Goldsmith, and P. Glynn,

IEEE ICC 2002

« “Jointly optimized bit-rate/delay control policy for wireless packet
networks with fading channels”, J. Razavilar, K. Liu, and S. I. Marcus, 1EEE

Trans. On Communications, 2002

* “Queueing with adaptive modulation and coding over wireless links: cross-
layer analysis and design”, Q. Liu, S. Zhou, and G. B. Giannakis, 1EEE Trans.

On Wireless Communications, 2005



ARQ

§ Enhance reliability by retransmitting packets
received In error

§Quite effective In Improving system
throughput for small transmission error rate

§Real system only implements Truncated ARQ
* Minimize delays
* Minimize buffer sizes



Motivation of This Paper

§ Goal

* Maximize spectral — e
T~ [itwers | ayers
efficiency under ;

prescribed delay and error DR, s [ DenEoE

performance constraints = 1
Fhwsical Physigal

layer Liyer

§Main idea Adlaptive Modulation amd Codimg { AR |
( rame as unil)

e Exploit CSI and combine
ARQ at data link layer and
AMC at physical layer to
Improve performance

Fig. 2. CrossLayer structure combiming AMOC wilh ARG,



System Model:

§Single-transmit single-receive antenna system

SMultiple transmission modes available at physical layer

§Slow varying fading channels

SPerfect channel state information (CSI)

Sldea feedback channel without error and latency.

SError detection based on CRC is perfect.
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Channel Model

8Slow varying fading channels & channel quality
captured through received SNR g per frame

8§General Nakagami-m model
e gis a random variable having a Gamma pdf :

NN LU me—1 ——
e () = ——= e —_——
P () =m T (1) 1:-( = )

where 7 :=EQ}, 1m =/t ed and m = Nakagami
fading parameter (m 3 1/2)
S§Remark:

—m =1 : Rayleigh channel model
—m >1 : approximated Ricean channel model
—m e inifinity : approximated AWGN channel model



Parameters |

PER;(7) =~
0 EXP (—007) |

§ TM1: Uncoded (without FEC) M_-ary rectangular or square
QAM modes, where M =2", n=1,2,..,7.

§ TM2: Convolutionally coded M_-ary rectangular or square QAM

modes, adopted from HIPERLAN/2 or IEEE 802.11a
standards.
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TABLE 1
TRAMSMISSION MODES 1IN Thil WiIiTH UrnmcoDiED Ad, -OQOA N MODULATION

| Mode 1

[ Mode 2 | Mode 3 | Mode 4 | Mode 5 | Mode 6 | Mode 7
Modulation BPSK OPSK B-0QANM 16-0QANM | 32-QANM | 64-0QAM 128-QAM
Fate(bits/svim.) 1 2 3 Ful 5 G 7
Lo - aT. T32H T3.R82T9 5B8.7332 559137 S0.0552 42 5594 4. 2559
e 0oR10 0 4945 0. 161 O, DrE G 00381 00235 O, O
g (CAB ) H.3281 Q. 3945 13,9470 16093 E 2001103 22,0340 25.96077
TABLE 11
TRAMNSMISSION MODES IN ThRZ2 WITH COMNYVOLUTIONALIY CODED MODULATION
|| Mode 1 | Mode 2 | Mode 3 | Mode 4 | MNMode S | MMode o
Modulation BPSK QOPSK QPSK 16-OANM | 16-QAN | 64-QANM
Coding rate . 1/2 1/2 3/4 916 3/4 374
Eate (bits/swvim.) 050 | ] 1.50 2.25 .00 A 50
. 274 7229 2514 a7.6l1k1 50,1222 53 .39R87 A5 3508
o T332 3. 4908 1.6883 O.6644 0.3756 OO0
A3 -1.5331 1.0 2 39722 T.T021 10,2488 159784
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Fig. 9. Packet error rate of the transmission modes in TM 1 (stars denote exact
PER. solid lines are fitting curves to the exact PER. and dashed lines depict PER
based on BER).
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Fig. 10. Packet error rate of the transmission modes in TM2 (stars denote exact
PER., solid lines are fitting curves to the exact PER. and dashed lines depict PER
based on BER).



Packet and Frame Formats

3 Ne bats -
Packet |- —
structure | Serial = Payload CRC
AMC with rate Rs
(bits/symbol)
- MNe/Re symbols
Block
struchire [
l | Framing
- Nr syvmbols ~
Frame
structure | Pilots | Control parts | #1 #2 #3 = . #Nb
Nz symbols Nt blocks

Fig. 3. The packet and frame structures

Packet size Np bits

Number of symbols per frame N;= N, + NN /R,



Performance Requirements

§ Data Link Layer

* Maximum number of retransmissions N™
c e Delay Bound

§ Physical Layer

* Probability of packet loss rate P
—instantaneous PER £ P, for each chosen AMC mode n

NmeELl
P[u = Fl-:-E.E.

1
- ';1- :FI
Plj =~ P]Dé-ﬁ- = Ftargat



AMC Design

bits/symbol
O iM, If g,£SNR<g,
s Mode::i’:Mz f g, £SNR <g;
9, %MN ing.ESNR<¥
Tim:egl

§ One of key issues for AMC is how to determine the
mode switching thresholds s={g,9,,---,9,} t0 optimize
the system performance



Detalls for AMC Design

o =0,
| . :
’”-'n.=—111( In ) n=12...,N.
Hn Ftarget
ﬁ-'f".'--l-l — ‘I‘:"-—-—'

Set the region boundary 7= for transmission mode
n = minimum SNR required to achieve P, .



Performance Analysis

§Assumption :

« fading channel coefficients corresponding to original and
retransmitted packets are i.i.d. random variables

Combined AMC with truncated ARQ

Probability of choosing mode n:

a1 L ’ e - _ _
Pr(n) :f py(y)dy — I'(m, rrzﬁ,-ﬁf.-'*;.]r—( l"lim. MYnt1/7) ['(m,xz) = fm& gm—1, fﬁ
Tn (1

Average packet error rate of mode n:

1 Trf1 r ,
PERn = i) f PER., (v)p, (v)dy
1 :?n+1 -
~ Pr(n) f ar eXp(—gnY )Py (7)dy b i = — + gn.

. 1 s P m L', bpvn) — Dim, byvng1)
Prin) I'(m) (B )7
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Performance Analysis

§Average PER of AMC.: ﬁzg Pr(n)” PER,

n=1

§Average no. of transmissions per packet =

N(p, NP =1 4p+p°+---+p'r

1-pr 4

1—p

§Actual packet loss probability at data link layer

Nmax ] e ]
Pan:tual logs =— ' 7 o= Pta'rgat — Fl-:-aa

(verifies the QoS requirements)



Performance Analysis

§ Spectral efficiency = bit rate per symbol

§ Spectral efficiency at physical without considering packet retransmission
at data link :

N
Ee:ph}'-ai-:a] — Z RﬂPI'I:i".L:I.

§ Overall average spectral efficiency considering truncated ARQ :

E (e _ Se.ph}'sical Z P Pllﬂ )
L Tu; ?\Tma:-:] Ei' “'n,lnﬂ:-.
N p, NS

§ Average spectral efficiency for only AMC :

S, (Nmax — () = Z R_Pr(n).



Performance of Truncated ARQ Only

§ Transmission mode is fixed (mode n):

§ Average PER at the physical layer :

= Tpn o
PER(n) = f PERA () py(7)dy = / Py (7)dy + ] ar exp(—gny) Py (7)dy
0 1]

tpn

—1-

-

F‘(ru.m#,-mfi-] i an (M " I'(m, by o)
I'(m) ['(m) (b )™

§ Letgn = PER(n)

§ Average no. of transmissions per packet :

T . 9 Ay A% 1 _ q"‘"r:n“+1
Vo N2 = Lt b ol = 220
— '!21".!.

max

_ R,
§ Average spectral efficiency of mode n: Seu(N77) =

T T S
N(gn, Nmax)




Performance of Truncated ARQ Only

§Packet loss probabillity after ~»= retransmissions :

J-.'II- o &L +1
PrnaArg = gn’ -

§This Is not guaranteed to be less than P ..

8There exists a threshold 7.tk
* P ,ss Fequirement is satisfied ¥ 2 “n,th.
* P,.. requirement is not satisfied 7 = 7n,th

Average spectral efficiency for truncated ARQ only
satisfying the QoS constraints :

I TINIAX I:ll .ﬁll I.-:: .ﬁllﬂ.:th
IEE:TEIZ‘?III'I?‘ .II — Rw s

N gy, Nmax) | = Tnth




Numerical Results
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Numerical Results

Packet error rate of the first transmission
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Packet error rate at the physical layer versus average SNR.
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Contribution and Limitations

§Contributions

A cross layer AMC design for maximizing spectral
efficiency under QoS requirements

§Limitations
* Perfect CSI1 available
e Feedback channel has zero delay and is error free
e Slow varying fading channels
 Single user link



Homework 3

§ Consider Nakagami-m fading channel with m=1
Packet error probability after ~n== retransmissions :

J-.'Il- | +1
Prnaro = gn .

§ For the transmission modes defined in Table Il and
with truncated ARQ (no AMC) with retransmission limit
np= o find the threshold 5.+ forn=1,2,...,6 such
that

* P,,«s Fequirement is satisfied Y 2 “n,th-

* P,,«s requirement is not satisfied



