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ABSTRACT

In this paper for the IEEE 802.16 OFDMA system we
propose the fast algorithm to find the optimal average number
of data block transmissions that minimizes the total downlink
and uplink transmission power subject to satisfying QoS
requirements. We show that the optimal average number of
data block transmissions in the IEEE 802.16 OFDMA system
is almost independent of the coding and modulation scheme
used, propagation channel model, and data block size. In the
IEEE 802.16 OFDMA system the optimal average number of
data block transmissions is very close to 1.18.

I. INTRODUCTION

The IEEE standards 802.16 [1] and 802.16e [2] specify the
requirements to the physical (PHY) and medium access
control (MAC) layers of the fixed and mobile broadband
wireless access. The standards include such data transmission
technologies as quality-of-service (QoS) mechanisms,
adaptive coding and modulation, power control, selective and
hybrid automatic repeat request (ARQ), orthogonal frequency
division multiplexing (OFDM) and orthogonal frequency
division multiple access (OFDMA). This gives a lot of

opportunities to optimize the IEEE 802.16 system
performance.
While optimizing the performance of the modern

communication systems it is reasonable to use the adaptive
transmission approach [3], [4] and the cross-layer
optimization approach [5].

An important optimization problem is the minimization of the
total downlink and uplink transmission power subject to
satisfying QoS requirements for all users of the system. The
minimization of the total transmission power results in the
reducing the inter-sector interference, thus improving the
receiving conditions and increasing the system capacity.

The minimization of the total transmission power is
performed in [6], [7]. The authors of these papers do not
consider the ARQ mechanism. Papers [8], [9] show that the
total radiated energy and the system spectral efficiency are
strongly determined by the average number of data block
transmissions, when the ARQ mechanism is used. Hence, the
average number of data block transmissions shall be one of
the adaptation parameters while minimizing the total
transmission power in the system using the ARQ mechanism.
In [10] we solved the total transmission power minimization
problem subject to satisfying the QoS requirements for the
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given average number of data block transmissions. In [10],
the average number of data block transmissions is determined
by the QoS requirement for the maximum average data block
transmission delay.

In this paper for the IEEE 802.16 OFDMA system we find the
optimal average number of data block transmissions that
minimizes the total downlink and uplink transmission power
subject to satisfying the QoS requirements. Our algorithm
requires the optimization over only one variable. Thus, we
propose a very fast solution to the optimization problem.
Using our algorithm we calculate the optimal average number
of data block transmissions for numerous coding and
modulation schemes and coding block sizes of the IEEE
802.16 OFDMA, for several propagation channels, and for
different numbers of coding blocks containing one data block.
We show that the optimal average number of data block
transmissions in the IEEE 802.16 OFDMA system is almost
independent of these parameters. Hence, we recommend
setting the optimal average number of data block
transmissions to 1.18 in the I[EEE 802.16 OFDMA system.
The rest of this paper is organized as follows. In Section I we
describe the IEEE 802.16 OFDMA system considered. In
Section III we formulate the total transmission power
minimization problem. We optimize the average number of
data block transmissions in Section IV. In Section V we
analyze the optimal values of average number of data block
transmissions in the IEEE 802.16 OFDMA system. We
conclude in Section VL.

II. IEEE 802.16 OFDMA SYSTEM DESCRIPTION

We consider a cellular IEEE 802.16 OFDMA network. It
comprises some sectors and some users. The sectors transmit
data to the users in the downlink and the users transmit data to
the sectors in the uplink. The sectors in the downlink and the
users in the uplink have the maximum transmission power
constraints. Each user may have several downlink service
flows and several uplink service flows. A service flow is a
flow of data packets from a service. Different service flows
may have different traffic arrival rates.

The network uses the OFDM technology, the OFDMA
multiple access, and the time division duplex. Each sector
uses frames for the downlink and uplink data transmission. A
frame comprises a downlink subframe and an uplink
subframe. The frame boundary between the downlink and
uplink subframes may be adaptively adjusted. In the time
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domain, the frame comprises OFDM symbols. In the
frequency domain, the frame comprises subcarriers.

We consider the frequency diversity frame structure, that is,
“partial usage of subchannels (PUSC)” and the “full usage of
subchannels (FUSC)” permutation schemes of the IEEE
802.16 OFDMA. The subcarriers assigned to a particular user
are pseudo-randomly interleaved within the whole OFDM
signal bandwidth before transmission. In this case, even only
a part of the subcarriers is allocated to the user, its receiving
conditions are characterized by the receiving conditions
averaged over the OFDM symbol.

Data blocks of a service flow shall be transmitted with the
required QoS. The set of the QoS requirements includes the
maximum data block reception error probability and the
maximum average data block transmission delay.

A scheduler selects a set of the downlink and uplink service
flows and a set of the data blocks for each selected service
flow for transmission in the current frame. These data blocks
are converted into data packets at the MAC layer using the
fragmentation and packing operations. Also, ARQ mechanism
is used. Coding and modulation scheme and transmission
power are selected for the set of the data packets of a
particular service flow at the PHY layer. For the ARQ
mechanism of a particular service flow the average number of
data block transmissions is selected. Before transmission, the
set of the data packets is converted to the set of the coding
blocks.

The following adaptation parameters are available in the
IEEE 802.16 OFDMA network considered: frame boundary
position, coding and modulation schemes, transmission power
values, and average number of data block transmissions.

III. TOTAL TRANSMISSION POWER MINIMIZATION
PROBLEM FORMULATION
In this section we formulate the total transmission power
minimization problem in the IEEE 802.16 OFDMA system.

Let us consider the downlink. The average transmission
power of the downlink service flow ; of the user i can be

written as
PP = pPh b /[TDL B(g)]. ()

L - .. .
is the transmission power per subcarrier value

where p)”

selected for the downlink service flow j of the user 7, quL
is the coding and modulation scheme selected for the

b /[TDL -B(g" )]

is the average number of subcarriers used by the downlink

downlink service flow j of the user i,

service flow j of the user i, b; is the average amount of
data of the downlink service flow ; of the user i that shall

be transmitted in the current frame, 7" is the number of the
OFDM symbols in the downlink subframe, B (q.Df) is the

amount of data that can be transmitted on one subcarrier in
one OFDM symbol when the coding and modulation scheme

DL
q;; 1sused.

The average amount of data bfj " is given by

b = (ol ) (Wt ) 125 @)

where a[DjL. is the average fraction of the transmission

overhead for the service flow ; of the user i, A is the
average traffic arrival rate for the service flow j of the user

L, tframe

is the frame duration, and Lff, is the average number
of data block transmissions for the service flow j of the user
i.

The total power transmitted by all downlink service flows of
all users can be found as

DL
m G

PDL —

i=1l j=I

DL
B, )
where m is the number of users, ¢/ is the number of the

downlink service flows of the user i .
The total power transmitted by all uplink service flows of all
users is

where Pij is the average transmission power of the uplink

service flow j of the user i, which is found similar to P"",
¢" is the number of the uplink service flows of the user i .

The total transmission power minimization problem is
formulated as follows. Find

{t, qDL,pDL,LDL,qUL,pUL,LUL}: arg mjn(PDL +PUL) , (5)

subject to satisfying the QoS requirements for all downlink
and uplink service flows of all users.
In (5), ¢ is the position of the frame boundary between the

downlink and uplink subframes, q” is the set of the coding

DL is the set of the

and modulation schemes ¢.;, p
transmission power values p/7, L™ is the set of the average

numbers of data block transmissions ijL. ; q7, p”,and L™
have the same meaning as in the downlink.

In [10] we solved the optimization problem (5) for the given
sets of the average numbers of data block transmissions L
and L . In this paper we find the optimal average numbers

of data block transmissions L”* and LY* that minimize the
total transmission power.

IV. OPTIMIZATION OF THE AVERAGE NUMBER OF
DATA BLOCK TRANSMISSIONS

Let us note that for the given position of the frame boundary
¢t the optimization problem (5) can be divided into several
optimization sub-problems
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(PDL + PUL ) —
n & (6)
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Consequently, to solve the optimization problem (5) we shall
solve the optimization sub-problems

{gP . pP L }=argmin P”, (7)

ij

{ql ; , D) y ,LUL} arg mmPUL . (8

The solutions to the optimization sub-problems (7) and (8) are
similar. We describe the solution to the optimization sub-
problem (7).

The number of the available coding and modulation schemes
is not very large in the IEEE 802.16 OFDMA system. Hence,
the minimization of (7) over the coding and modulation

scheme q.D " can be performed using the full enumeration. For
the given coding and modulation scheme ¢;; PL et us find the
values of p[)j and Lff. that minimizes Rfj.L .

Let us note that

PP~ pPhBPE . (9)

L] 1)
Consequently,
P L

i,j szj i,j (10)

Let us note also that
pZ.L ~sz, (11)

is the signal to interference plus noise ratio
(SINR) of the service flow ; of the user i .
We use two assumptions to find the average number of data

where z”f

block transmissions Lf)f. . First, we assume that the maximum

number of data block transmissions is unlimited. Second, we
assume that the data block reception error probability is the
same for all transmissions. Under these assumptions the
average number of data block transmissions is

Lfﬁ = 1/|:1_BSDU q[, sZi ):| (12)

where B, (ql s f)f) is the reception error probability of the

data blocks of the service flow ; of the user i, when the

coding and modulation scheme ¢;”; is used and the SINR is

DL
Z. ..
i)

Using equations (11) and (12) we evaluate equation (10) as

R‘ﬁLN [,Df/|:1_BSDU(qL/7 Zi ) ):| (13)

A data block is received without errors if all coding blocks
containing this data block are received without errors. Hence,
the data block reception error probability can be written as

BSDU(‘L/: Lj)_l |:1_BFEC(qu’ u):|

where n is the number of coding blocks containing the data

(14)

block, B,z (ql s ﬂL) is the reception error probability of the

coding block for the coding and modulation scheme ¢;”; and
the SINR 2"

Consequently, for the given coding and modulation scheme
the optimization sub-problem (7) can be formulated as

Z[ZL’”’” —argmm{ /[1 Brec (qu V2o )]n}, (15)

which can be easily solved numerically if the function
Brec (77,2"%) is known. The function B, (g",z) can
be obtained, for example, using link level simulation.

When the solution to (15), that is, z /"

i

is known, the

optimum average number of the data block transmissions can
be found from

Lff){w = |:1_BFEC (qz i fDJL ! )J (16)

DL ,opt

is the

DL Jopt

The optimal value of the transmission power p;;

value corresponding to the optimal value of the SINR z;”;

The optimization of (15) should be performed on condltlon
that the QoS requirements are satisfied for the service flow j
of the user i. The set of the QoS requirements includes the
maximum data block reception error probability and the
maximum average data block transmission delay. As we
assume the unlimited maximum number of data block
transmissions, the residual data block reception error
probability is zero. Consequently, the optimization of (15)

should be performed on condition that L < L”"*, where

the maximum average number of data block transmissions

P27 is determined by the maximum average data block

transmission delay.

V. NUMERICAL VALUE OF THE OPTIMAL AVERAGE
NUMBER OF DATA BLOCK TRANSMISSIONS

Using link level simulation we obtained the functions
Brec (¢77,2F). We obtained these functions the

following 19 coding and modulation schemes and coding

block sizes of the IEEE 802.16 OFDMA:

e QPSK, convolutional coding with the coding rate of 1/2,
coding block sizes of 6, 12, 18, 24, 30, and 36
bytes,

e QPSK, convolutional coding with the coding rate of
3/4, coding block sizes of 9, 18, 27, and 36 bytes,

e 16-QAM, convolutional coding with the coding rate of
1/2, coding block sizes of 12, 24, and 36 bytes,

e 16-QAM, convolutional coding with the coding rate of
3/4, coding block sizes of 18 and 36 bytes,

for
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e 64-QAM, convolutional coding with the coding rate of
1/2, coding block sizes of 18 and 36 bytes,

e  64-QAM, convolutional coding with the coding rate of
2/3, coding block size of 24 bytes,

e  64-QAM, convolutional coding with the coding rate of
3/4, coding block size of 27 bytes.

We obtained the functions B, (g/r,z"") for the following

4 propagation channel models:
SUI-1 [11],

SUI-5 [11],

Indoor A [12], and
Vehicular B [12].

Hence, we obtained 76 functions B (q/*,z""). For each

of these functions we solved the optimization problem (15),
that is, we found the optimal average number of data block
transmissions. We analyzed the dependence of the optimal

average number of data block transmissions on the

LDL,()/J[
i,
coding and modulation scheme, the coding block size, the
propagation channel model, and the number n of the coding

blocks containing one data block.
Fig. 1 shows the optimal average number of data block

transmissions L for different coding and modulation

schemes, coding block sizes, and propagation channel
models. In Fig. 1, the number n of the coding blocks
containing one data block is equal to 50. The horizontal
curve represents the average value of the optimal number of
data block transmissions, which is equal to 1.186 in this case.
The optimal average number of data block transmissions

DL opt .
L™ has very low dependence on the coding and

modulation scheme, the coding block and the
propagation channel model.
Fig. 2 shows the optimal average number of data block

size,

as a function of the number »n of the

transmissions Lf’f’"’”

coding blocks containing one data block. In Fig. 2 the optimal
average number of data block transmissions Lff’"’” is

averaged over all coding and modulation schemes, coding
block sizes, and propagation channel models. For n=1 the
optimal average number of data block transmissions is equal
to 1.2 and for n =1000 it is equal to 1.18. Consequently, the
optimal average number of data block transmissions Lf’f’"’”
has very low dependence on the number n of the coding
blocks containing one data block.

We recommend setting the optimal average number of data
block transmissions to 1.18 in the IEEE 802.16 OFDMA
system. As this value is very close to one transmission, the
QoS requirement for the maximum average data block
transmission delay will be satisfied in most cases.

VI. CONCLUSIONS

In this paper we found the optimal average number of data
block transmissions that minimizes the total downlink and
uplink transmission power subject to satisfying QoS
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Figure 1. The optimal average number of data block
transmissions for different coding and modulation schemes,
coding block sizes, and propagation channel models.
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Figure 2. The optimal average number of data block
transmissions as a function of the number of coding blocks
containing one data block.

requirements for the IEEE 802.16 OFDMA system. Our
algorithm requires the optimization over only one variable.
Thus, we proposed a very fast solution to the optimization
problem.

Using our algorithm we calculated the optimal average
number of data block transmissions for numerous coding and
modulation schemes and coding block sizes of the IEEE
802.16 OFDMA, for several propagation channel models, and
for different numbers of coding blocks containing one data
block. We showed that the optimal average number of data
block transmissions in the IEEE 802.16 OFDMA system is
almost independent of these parameters. Hence, we
recommend setting the optimal average number of data block
transmissions to 1.18 in the IEEE 802.16 OFDMA system.

REFERENCES

[11 IEEE Standard for Local and Metropolitan Area
Networks — Part 16: Air Interface for Fixed Broadband
Wireless Access Systems, IEEE Standard 802.16-2004, Oct.
1, 2004.

[2] Amendment to IEEE Standard for Local and Metropolitan
Area Networks — Part 16: Air Interface for Fixed Broadband

Authorized licensed use limited to: KTH THE ROYAL INSTITUTE OF TECHNOLOGY. Downloaded on March 2, 2009 at 10:36 from IEEE Xplore. Restrictions apply.



The 17th Annual IEEE International Symposium on Personal, Indoor and Mobile Radio Communications (PIMRC'06)

Wireless Access Systems — Physical and Medium Access
Control Layers for Combined Fixed and Mobile Operation in
Licensed Bands, IEEE Standard 802.16e-2005, Dec. 7, 2005.
[3] S.T. Chung and A.J. Goldsmith, “Degrees of freedom in
adaptive modulation: a unified view,” IEEE Transactions on
Communications, vol. 49, pp. 1561-1571, Sep. 2001.

[4] T. Keller and L. Hanzo, “Adaptive modulation techniques
for duplex OFDM transmission,” [EEE Transactions on
Vehicular Technology, vol. 49, pp. 1893—-1906, Sep. 2000.

[5] G. Song and Y.(G.) Li, “Cross-layer optimization for
OFDM wireless networks — part II: algorithm development,”
IEEE Transactions on Wireless Communications, vol. 4, no.
2, pp. 625-634, Mar. 2005.

[6] C.Y. Wong, R.S. Cheng, K.B. Letaief, and R.D. Murch,
“Multiuser OFDM with adaptive subcarrier, bit, and power
allocation,” [EEE Journal on Selected Areas in
Communications, vol. 17, no. 10, pp. 1747-1758, Oct. 1999.
[71 Y.J. Zhang and K.B. Letaief, “Adaptive resource
allocation and scheduling for multiuser packet-based OFDM

networks,” IEEE International Conference on
Communications (ICC 2004), vol. 27, no. 1, pp. 2949-2953,
June 2004.

[8] H. Kwon, T.H. Kim, S. Choi, B.G. Lee, “Cross-layer
lifetime maximization under reliability and stability
constraints in wireless sensor networks,” IEEE International
Conference on Communications (ICC 2005), no. 1, pp. 3285—
3289, May 2005.

[9] Q. Liu, S. Zhou, and G.B. Giannakis, “Cross-layer
combining of adaptive modulation and coding with truncated
ARQ over wireless links,” [EEE Transactions on Wireless
Communications, vol. 3, no. 5, pp. 1746—1755, Sep. 2004.
[10] S.A. Filin et al. “QoS-guaranteed cross-layer adaptive
transmission algorithms with selective ARQ for the IEEE
802.16 OFDMA system,” [EEE Vehicular Technology
Conference (VIC 2006 Fall), to be published.

[11] V. Erceg et al. (July 17, 2001). Channel models for fixed
wireless applications. [Online]. Available:
http://icee802.0org/16/tg3/contrib/802163c-01 29r4.pdf.

[12] Guidelines for evaluation of radio transmission
technologies for IMT-2000, Rec. ITU-R M.1225, 1997.

Authorized licensed use limited to: KTH THE ROYAL INSTITUTE OF TECHNOLOGY. Downloaded on March 2, 2009 at 10:36 from IEEE Xplore. Restrictions apply.



