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Transmit Scheme Study for OFDM Based Fixed Relay System
with Hierarchical Modulation
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Abstract

Relay system is a promising technique for the high downlink throughput or coverage extension in the next
generation wireless systems. In this paper, the transmit scheme for orthogonal frequency division multiplexing
(OFDM) based relay system with hierarchical modulation is designed. Without using much power from the
base station, the proposed scheme can guarantee the cell edge users to get high data rates as the inner cell
users. In the simulation, the performance of proposed scheme was compared with the conventional one in which
there is no hierarchical modulation. Numerical results show that the proposed scheme can save much power
whether the unicast case or multicast case.

Key words : OFDM, Hierarchical Modulation, Relay System, Unicast, Multicast.

[. Introduction

Simple calculations indicate that the provision of very

high data rates is not feasible with the conventional

wireless network architectures. Even the recent advances

in multiple-input multiple-output (MIMO) technologies

and signal processing techniques (such as advanced
channel coding methods) do not seem to be sufficient to
alleviate the tremendous potential stress that will be
incurred on the link budget in future wireless networks
with the aggregate rates of 100-1000 Mbps. Towards
that end, the increase of the current networks with the
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relay or multihop capability is considered to be the most
feasible way to facilitate almost ubiquitous high data
rate coverage in the most cost-effective manner.

In this context, there has been growing interest in the
concept of multihop relaying in wireless networks such
as next generation cellular (B3G, 4G), wireless LAN
(WLAN) (802.11s), and broadband fixed wireless
(802.16j,  802.16m)
communications can be facilitated through the use of

networks.  Multihop  relay
low-power/low-cost fixed relays deployed by the service
provider, or through other wireless terminals in the
network.

The application of multihop relays in cellular based
wireless communication systems is also in discussion to
increase the spectral efficiency or improve the diversity.
In this paper, it is based on the cellular system like in
Fig.1.

Hierarchical constellations consist of non-uniformly
spaced signal points (see, for example, [1], [2]). Thus it
allows to use a modulation scheme which can be
interpreted as a scheme with higher order by the
receivers close to the transmitter and as a scheme with
lower order by the receivers far from the transmitter.
Due to the capability of providing different levels of
protection, this type of constellations has been proposed
in many applications including multimedia transmission
[3], downlink multiplexing [4] and superposing bits from
different users in the same sub-carrier of an OFDM
system [5].

Hierarchical modulation and relay communication
could be a good solution to improve the data rate of cell
edge users. In Fig.1, it can be seen that the cell edge
users can get the enhanced bit from the relay stations.
In this way, the base station does not need to invest
much power for the cell edge users. Thus it also avoids
the problem of inter-cell interference.

The application of hierarchical modulation in relay
communication system was studied with distributed
turbo codes in [6]. However that is only a concept and

for the uplink transmission of one user case with single

H
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carrier.

In this paper, we investigate the problem for the
multiuser OFDM based relay system with hierarchical
modulation. The new allocation algorithm and also the
transmit scheme from relay to outer cell users is

proposed.

I8 1. ASHEE ARSIE 423} HaTE
Fig. 1. Cellular transmit structure with hierarchical
modulation.

II. System Model and Problem Formulation

2—1. Hierarchical Constellation

A hierarchical 4/16-Quadrature Amplitude Modulation
(QAM) constellation (see, for example, [5]), is shown in
Fig. 2 and can be modelled as follows. We assume that
there are two streams of data where one stream requires
higher level of protection than the other. For every
channel access two bits are chosen from each level. The
two bits requiring the highest level of protection are
assigned to the most significant bit (MSB) position in
the inphase (I) and quadrature (Q) phase channels.
Consequently, the two bits that require the least
protection are assigned to the least significant bit (LSB)

position in the I and Q channels.
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In Fig. 2, the fictitious black symbols represent a
4-QAM constellation (referred to as the first hierarchy
and denoted by H,). The distance between the symbols

in the first hierarchy is represented by d;. The actual

transmitted symbols are the white symbols and they
represent a 16-QAM constellation. This is the second
level of hierarchy (denoted by hierarchy /). One of
these white symbols surrounding a selected black
symbol in the first hierarchy is selected by the two bits
that requires the least protection. The distance between

the symbols in the second hierarchy is denoted by d,.
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Fig. 2. Hierarchical modulation of 4/16-QAM.

2—2. Proposed Transmit Scheme & System
Description

As seen in Fig. 1, the cell is divided into inner and
outer cell. There exit several fixed relay stations on the
boundary. Based on the resource allocation information,
in the first time slot the base station selects the bits from
different users and transmits them to all of the mobile
users and relay station by using OFDM with hierarchical
4/16-QAM constellation. Suppose that the inner cell
users and relay stations can get the 16QAM information
because they are near to the base station. While the out
cell users may only get the 4QAM high priority

common bits. For the out cell users to get the enhanced
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bits, in the second time slot the relay stations try to
relay the enhanced bits to the users close to them. For
a outer cell user, it can be seen in Fig.3.

The following assumptions are used in this chapter:
(i) the transmitted signals experience slowly time-
varying fading channel, therefore the channel
coefficients can be regarded as constants during the
subcarrier allocation and power loading period; (ii) each
subcarrier can be used only by one user at each time
slot. Thus it is orthogonal between the users in terms of
subcarriers. (iii) The number of inner cell users and

outer cell users are the same.
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Fig. 3. Transmit scheme of outer cell user.

In the frequency selective fading channel, different
subcarriers will experience different channel gains. We

denote cvj, ,, as the magnitude of the channel gain of the
nth subcarrier as seen by the kth user. We assume
that the single-sided noise power spectral density (PSD)
level /V; is equal to unity for all subcarriers and is the
same for all users. Furthermore, we denote f,(c) as the

required received power in a subcarrier for reliable
reception of ¢ information bits/symbol when the channel

gain is equal to unity. Note that the function f,(c)

depends on k, and this allows different users to have
different quality-of-service (QoS) requirements and
different coding and modulation schemes. In order to
maintain the required QoS at the receiver, the transmit
power, allocated to the nth subcarrier by the kth user

must equal

- : 2”’/ (1)
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Throughout this chapter, denote the number of users
as A and the number of subcarriers as /V. The
objective is to minimize the power that it needs to
guarantee not only the inner cell users but also the outer
cell user with high level modulation. Then the problem

can be formulated as follows:

Pk,n
minpP = ZkZI S flenn) @
n=1k= kn
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and the minimization is subjected to the constraints

Cl: forallke{1,....K},BER <10 % (3)
K
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where p; , can only be the value of 1 or 0

indicating whether subcarrier n is used by user k or
not. Note that constraint (3) is the bit error rate
requirement and constraint (4) ensures that each
subcarrier can only be used by one user. Constraint (5)
is to guarantee the same data rate for all of the users.
For M-QAM symbol, the required power for
supporting c bits/symbol at a given BER P, is

e

where we recall that Qz)= \/12_ / e 24t 7).
m z

It is easy to see that f(c) is convex and increasing in
cand that f(0) =

L AuFsetEsiz v ASHz
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1. Proposed Resource Allocation Scheme

Due to the complexity of optimal algorithm, the
suboptimal algorithm is proposed, which includes two

steps corresponding to the two time slots.
3—1. Subcarrier Allocation in Time Slot 1

In this step, the subcarriers are allocated to all of the
users. The inner cell users can receive the common bits
and enhanced bits together, while the outer cell users get
the common bits only. The proposed algorithm can be
described as follows:

1) sort the users by average channel gains (from BS

to MS)

2) divide users into two groups based on average

channel gain of each user:

outer cell user group: user,,, = {1,2,....K,,, }

inner cell user group:
{Kom‘ + 1 }

3) get the subcarriers for the outer cell users based on

user;y =

the ascending order of average channel gain.

4) get the subcarriers for the inner cell users based on
the ascending order of average channel gain.

5) calculate the required power for outer cell users to
get common bits and for the inner cell user to get

common and enhanced bits based on (6).

3—2. Transmit Scheme and Subcarrier
Allocation in Time Slot 2

In this step, the relay stations transmit the enhanced
bits to the outer cell users so that they can also receive
the high data rate. The subcarriers are only allocated to
the outer cell users since there is no transmission to the
inner cell user. Thus the outer cell users can use all of

the subcarriers.
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IV. Simulation Parameters and Results

In this section, simulation results are presented to
demonstrate the performance of the proposed algorithm.
The simulation environment is shown in Fig.4. The
wireless channel between a couple of transmit antenna
and receiver antenna is modeled as a frequency selective
channel consisting of eight independent Rayleigh
multipaths. The pathloss is normalized to 1 and the large
scale fading factor &« =— 4. And the required BER=
10, Also the same data rates are guaranteed for inner
and outer cell users. Both the unicast and multicast case
are considered. In the unicast case, the users get
different data service while in the multicast case a group
of users may share the same data service.

To compare the performance, we also simulate the
conventional scheme, in which Hierarchical Modulation
is not used. In the first time slot, the signals with 16
QAM are transmitted to all the users. At this time, the
inner cell users can get 4 bits while the out cell users
get only 2 bits. In time slot 2, the remained 2 bits are
transmitted to the outer cell users so that they can get
the same service.

In Fig.5 and Fig.6, the power comparisons between
the proposed scheme and conventional scheme for both
the unicast and multicast case. In the unicast case, every
user gets different data service while in the multicast
case some of the user may share the same data service.
We can see that both schemes can save power compared
with the scheme without Hierarchical modulation. For
example, in the unicast case it could save about twenty
percent and in the multicast case it is about thirty
percent. Also it can be seen that the power that it needs
decreases with the increase of user number. That is

because the multiuser diversity.

O8 4. AAE MY 242 M HRsE M 2x
Fig. 4. Normalized Cell structure for analyzing the
system power.
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Fig. 5. Power comparison between the proposed
scheme and conventional scheme (Unicast case).
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V. Conclusions

In this paper, the problem for OFDM based relay
system with hierarchical modulation was studied. By
using the fixed relay stations and hierarchical
modulation, the proposed scheme can guarantee the cell
edge users to get high data rates as the inner cell users.
Numerical results show that the proposed scheme can
save much power whether the unicast case or multicast
case compared with the conventional scheme without

hierarchical modulation.
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