GlobalSIP 2015

Data rate maximization based power allocation for

OFDM System in a High-Speed Train Environment

Zhichao Sheng H. D. Tuan  Yong Fang
H. H. M. Tam  Yanzan Sun

December 10, 2015



GlobalSIP 2015

Overview

@ Introduction
© System model
© Power allocation

@ Simulation result



GlobalSIP 2015
Introduction

Introduction

@ The high-speed train (HST) has been widely developed in
many countries.

@ There are some limitations in the existing communication
system GSM-R.

@ A novel broadband wireless communication system for HST is
needed.
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@ OFDM has been adopted for high data rate services.
@ The advantage of OFDM

e more resistant to frequency selective fading
o high spectral efficiency

@ The HST channel is time variant and frequency selective
within one OFDM symbol, which creates intercarrier
interference (ICl).
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The pilot symbols are inserted into the transmitted data stream to
learn the channel.
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System model

@ The SISO OFDM system contains K subcarriers. The HST
channel is Rician fading with a dominant LOS path hg(n, m)
expressed as

ho(n, m) _ hO(n)ej(27rfD cos(@)st)’ (1)

where ho(n) = uos(n)e/¥0, ajos(n) is channel amplitude
determined by path loss during the nth OFDM symbol.

@ The Rician factor of the channel is defined as

Kr = 10logyo(05 /(1 — 03))- (2)
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@ The received signal over the kth subcarrier of the nth OFDM
symbol is

1 —1L[-1K-1 2mk o
y(n, k) ZIZZW Ky
m=0 1=0 k'=0 (3)
_onkl)

-e 4k hi(n,m)] + w(n, k),

where W(n, k) is additive white Gaussian noise.
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@ The eq. (3) can be written in vector form

Vn = FH,FH%, + W,

= Hn)?n + |7V,,,

(4)
where H, is the time-domain channel matrix and F is the FFT

matrix.

@ The eq. (3) can be rewritten as

y(n k) = Ha(k, k)x(n, k) + o(k, kKNx(n, k')

+w(n, k). (5)
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@ The ICI at the received pilot subcarriers includes the ICls from
other pilot subcarriers and data subcarriers

@ The received pilot subcarriers for the pgth subcarrier using eq.
(5) can be written as

7(n. pg) = Hn(pg, pg)X(n, pg) + Z n(Pg> Pgr)X(n, pgr)

~-S—1
> " Hnlpg. dg)X(n, dgr) + W(n, pg). (6)
g'=

o
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@ The above equation can be written as
7P = diag{XP}Fph, + HPPRP + HPIRY + WP, (7)

where S x L matrix Fy(g,!) = exp(—j2mpgl/K) and S > L.

° 'Al'he LS estimate of h, can be obtained as
h, = (diag{%F}F,)Tyh.
@ The MSE is given by

MSE = tr{(diag{XP}F,)'R(diag{xP}F,)""}
= TP+ (03/02)TE! + (05, /02) Tep.

(8)
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@ Since Hd diag _ pyd-dizg _ od-diag ype output of the
equalization over the nth OFDM symbol is

)f%d _3d (Hd dlag) (eg,diag)?d Hd ICIXn + Wd). (9)

n n

@ Then, the symbol error after the equalization is

od — (ﬁlg,diag) ( d- d:agX I Hd iy 4 i ) (10)

n
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@ From the above equation, the SINR of the kth output data
subcarrier can be obtained as follows

2
Yk = g/ [Relkk; (11)
where R is the covariance matrix of e¢ and can be written as
Frd_diag=1( 2 d diag .d_diagH
Re — E{Hn iag (Uden /agen iag

Pd ICHe oHEd ICH | 2 B diag—H (12)
+ Hni )N(n)N(n Hni _|_0-W/)Hn, iag }
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@ Here, we adopt the sum rate for symbol detection as the
objective function, the optimization problem is

K-S
max » logy(1+vk): SGp+ (K—S)aqa =K.  (13)
Gd,0p i—1

@ The optimization problem with x = (1 — S/K)d,4 can be

written as
K-S
max f(x) : =) logy(1+fi(x)): 0<x<1, (14)
i=1
where )
anx< + byx
fie(x) == N N (15)

ap kx? + bp kx + cp k-
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@ On the other hand, from the above discussion

dfk(X) AkX2 + Bix + Ci

dx  (apxx®+ bpx + cpk)?’

where Ak = bNaD,k + 2aNbD’k — aNbD,k — 2aD7kbN
By = 2ancp k, Ck = bncp i,

which can be changed in its sign at one time on [0, 1] at the
unique root 0 < ay < 1 of the equation

AkX2 + Bix + C = 0.
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@ By defining amin = ming ax and amax = maxy a.
e It is sufficient to consider the problem on [&min, &max], Which

is divided on subsegments [ak,_,,akul] where ay are arranged
inag, £ =1,2,..., K — 5 such that ay, < ay,,,.

@ For convenience of notation, set 7y = ay, so each function
fx(x) is either monotonically increased or monotonically
decreased on each [y, ve11]-

@ Define

If = {ke{l,2,...,K—S} fi(x)
is monotonically increased}
7 = {1,2,., K-S\ I (16)
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@ Therefore on [y¢, ye41],

=% aNX2 + byx
log,(1 + = Fo(x) + Gp(x), (17
kz_; go( aDij2+bD7kX+CD7k) o(x) + Ge(x), (17)

where Fy(x) is monotonically increased, while Gy(x) is
monotonically decreased

Fo(x) =) logy(1 + fi(x)), (18)
kel
Go(x) = logy(1 + fi(x)). (19)

kel
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@ Global Optimization Algorithm.

Step 0.

Step 1.

Given a tolerance € > 0. Start with

Mo = {[’yg,’}/g_,_l] Al = 07 ].7 K =5- 1} and
current best value (CBV)

CBV = maxy=01,.. .k—s—1f(7¢) and current
best solution (CBS) Xopt = argmax,, f(y,). Set
St =N1 = M. Set k = 1.

For each M = [a, b] € N,; define

B(M) = Fy(b) + Gy(a), where ¢ is such that

M C [ve,ves1]. If f((a+ b)/2) > CBV update
Xopt = (@+ b)/2 and CBV = f((a+ b)/2).
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@ Global Optimization Algorithm (Continue).

Step 2. In S delete all M such that f(M) < CBV +e.
Let R, be the set of remaining segments. If
R, = 0 terminate: CBV is the e-optimal value
with the corresponding optimal solution xqp¢.
Step 3. Choose
M, = [ax, bs] € arg max{B(M) : M € R}
and subdivide it into two smaller segments
M1 = [ax, (ax + bs)/2] and
M2 = [(ax + bx)/2, bs]. Let
NK+1 = {Mn,la Mn,2} and
SK-‘r]. = (RH \ MKJ) UNH—I—I-
Set k < k + 1 and go back to step 1.
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Simulation result

@ For each channel SNR value, we can find that there is an
optimal data percentage that maximizes the sum rate.
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Simulation result

@ The optimal data percentage 0.8004 at the SNR = 25dB is
compared with other percentages of data power, namely
0.2996, 0.4998, 0.8994. We can get the conclusion that
spending more power to data symbols maybe not obtain
better BER.
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Simulation result

Thank you
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