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Abstract—A chieving maximum network throughput while pro-
viding fairness is one of the key challenges in wireless cellular
networks. This goal is typically met when the load of base stations
(BSs) is balanced. In a recent study, it was confirmed that the
preamble sequence, which is mainly used for cell identification
and synchronization, can be used as an implicit load indicator for
long term load balancing in cellular networks. In this paper, we
further explore its viability as an implicit information indicator,
and present distributed load balancing schemes based on the
properties of the preamble sequence. These schemes empower
the mobile stations (MSs) to implicitly obtain information about
the load status of BSs for intelligent cell-site selection. By utilizing
the two characteristic and important properties of preamble
sequences, which are high auto-correlation and low cross-
correlation, we propose both network and user side algorithms
that work together to enable the MSs to associate with BSs with
relatively low load in the long term. We evaluate our algorithms
for fairness to the MSs in terms of resources and throughput,
and confirm through simulations that the preamble sequence can
indeed be used as a leverage for better cell-site selection leading
to a high degree of fairness in the system.

Index Terms—Preamble, load balancing, fairness.

I. INTRODUCTION

In a cellular network, a mobile station (MS) generally scans
and associates itself with the base station (BS), which yields
the maximal received signal strength indicator (RSSI) obtained
by reading the power of the preamble signal, while being
oblivious to the load of the BS. As MSs are, typically, not
evenly distributed, some BSs tend to suffer from heavy load
while their adjacent BSs may carry only light load. Such load
imbalance severely hampers the network from fully utilizing
the network capacity and providing fair services to users.
To address this, various load balancing schemes have been
proposed for efficient utilization of resources that enable the
users to enjoy better throughput and operators to support
more subscribers. Most of the load balancing schemes that
have been proposed are based on centralized control by the
network, and often suffer from the problem of scalability due
to signalling overhead and their focus on balancing short-term
load variation [1]-[4]. Therefore, in this paper we emphasize
mainly on the distributed mechanism wherein the MS controls
the association based on our implicit load indication schemes

using the preamble sequence. It is also worth mentioning
that, since we want to balance long-term load variation, our
schemes can be employed along with any other short-term
load balancing schemes, and do not suffer from the capacity
reduction problem that is seen in schemes relying on power
control [1]-[2].

II. RELATED WORK

In a recent study by Na, et al. [5], it has been shown that
preamble sequence can be used as an implicit load indication
tool. The work exploited comparative high and low cross cor-
relation among certain sets of preamble sequences, to indicate
similarity in terms of lightly loaded and heavily loaded state of
the BSs for cell selection. However, the proposed scheme fails
to address all the permutations of BS loads, and in situations
where certain PN sequences outside the set would yield high
correlation with sequences within it. We, therefore, propose
an alternative approach to using preamble sequences for load
indication by making the implicit indication absolute, and
thereby, removing the inherent difficulties in a relative scheme.

The rest of the paper is organized as follows. In section
II, we describe how preamble sequences can be configured
to implicitly obtain the load status of BSs using our proposed
auto-correlation property based, and absolute cross-correlation
based schemes. In section III, we define our system model, and
use the IEEE 802.16e [6] for illustration purposes. After that,
in section IV, we present our proposed algorithms with their
pseudo-codes. In section V, simulation results are presented to
validate our schemes and finally in section VI, we conclude
the paper with a discussion of future work possible in this
direction.

III. PREAMBLE SEQUENCE FOR LOAD
BALANCING

A preamble sequence is essentially a pseudo-noise se-
quence (PN sequence) that is used for time and frequency
synchronization, channel measurement, and cell identification
in wireless networks. They are called PN sequences because
of their low autocorrelation for positive delays. This makes
them nearly random, even though they are deterministic in



nature. They are useful in cell identification because of their
uniqueness, i.e. different PN sequences are highly uncorrelated
with each other, but the cross correlation of a PN sequence
with an identical copy of itself produces a peak at the origin.
In this paper, we configure them to indicate the load expe-
rienced by their BSs, and thus allowing the MSs to make
decisions which are more efficient in the fairness sense, de-
pending on the QoS measure we take as a criteria. We use the
properties of high autocorrelation and low cross-correlation to
define certain metrics (different in the two schemes proposed),
which can be used to sort the preamble sequences. Then,
we implicitly link the load information to the value of the
metric associated with the preamble sequence by mapping the
preamble sequences to the BSs according to the value of the
metric and the load experienced by the BS. For example, for
a highly loaded BS b, the corresponding metric defined on b’s
preamble sequence 7', would have a higher value and vice-
versa. Let us consider the following preamble configurations:

o A sequence ; formed by repetition of a part of a pream-
ble sequence on autocorrelation forms a number of peaks
in the autocorrelation plot which will be proportional to
the load gperienced by the BS corresponding to this

sequence p .
o A preamble sequence of a lightly loaded BS will be
highly correlated with a particular code sequence 7,
(known to both the MS and the controller) and vice-versa.

In each of the above mentioned configurations, we propose two
algorithms which work in parallel at the MS and at the central
network controller. For the algorithm to implement the load
balancing feature, we propose a design parameter r which is
basically a measure of how much greater the strongest RSSI is
over the next strongest RSSI in the system, when our algorithm
stops coming into effect. This physically implies the measure
of area near the border between two cells where load balancing
comes into effect. As r increases, more area near the boundary
is considered and vice-versa. Here, » = 1 will be the limiting
case, where the ratio

o= RSSIstrongest
RSSInewtstrongest

=1 ey

occurs at the cell boundary. From this limiting case onwards,
when r > 1, larger areas near the boundary are considered for
load balancing. Additionally, the conventional RSSI based cell
selection can be invoked by setting » = 0, when the algorithm
skips the load balancing steps and adopts the conventional
method using RSSI since « is always positive. Thus, when
r = 0, the condition for o < 0 will never be satisfied as can
be seen later in the MSCD_AutoCorr and MSCD_CrossCorr
algorithms, and can be better understood from Fig. 1. Using
the above described metrics, the sequences corresponding to
the BSs are sorted and assigned in a predefined order as shown
in Fig. 2 for the auto-correlation based load indication scheme
and Fig. 3 for absolute cross-correlation scheme.

Regions with RSSI(BS1) > RSSI(BS2)
showing variations of 'r'

Fig. 1. A two cell model showing the concept of ”r”.

IV. SYSTEM MODEL

For illustration purpose, we will consider the IEEE 802.16e
specification [6], which defines 114 pseudo noise (PN) codes
to be used as the preamble sequences in the 1k Fast Fourier
Transform mode. These Preamble sequences are 284 bits
long, and have the characteristic properties that make them
appealing for applications like cell identification and synchro-
nization. In this paper, we work with decisions involving cross-
correlation between the PN code sequences, as the average
cross-correlation between the different PN code sequences
have been found to be ranging from a minimum of 0.04
to a maximum of 0.16 [5].Also, a recent study [7] shows,
it is possible to use just a part of the whole PN code
sequence to practically achieve the goals of synchronization
and cell identification, mainly because of this cross-correlation
property among different sequences.

In this paper, we adopt a typical cellular network model
(cf: Fig. 5) where the MS generally decides on choosing
BS’s based on the Received Signal Strength Indicator (RSSI).
In a model where B is the set of all the base stations,
gbs 1s the channel gain from BS b to an MS s, P, is the
transmission power of BS b, 7', is the preamble code sequence
corresponding to base station b, and @ (t) is the signal
received by an MS s at time ¢ from all BSs; the decision
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Fig. 2. At central controller the metric is number of peaks in the auto-
correlation plot.
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Fig. 3. At central controller the metric is value of cross-correlation with
particular sequence.



made by the MS s is given in Eq. 2, where b is the chosen
BS.

b = argrgleaécRSSIS(t,b) ()

RSSI(t,b) = 7,.7s(t) 3)

Tt = D gPt)T, )
beB

where RSSI refers to the signal component of base station b,
and P, € P refers to the preamble sequences, such that P
is the set of all BS preamble sequences. In addition, the k"
sequence in the set can be referred to as 7' (k) and will be
used in the later sections.

V. PROPOSED ALGORITHMS

This section describes, with the help of pseudo codes, the
two algorithm pairs proposed for BS load balancing.

A. Use of the Auto-correlation property

We propose two algorithms working side by side to provide
BS load indication using the preamble sequence. In this
method, we modify the preamble code sequence and propose
the autocorrelation operation as a way to decipher the load in
a BS. This approach works at two levels: at the MS and at the
central network controller.
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Fig. 4. Auto-correlation plot of a preamble of length 284 bits made with 4
repeated sequences of length 71.

Here, B is the set of all BSs and a particular BS is b
with load [,. First, the central controller creates a list of BSs
sorted in order of their loads. Then, we define p intervals of
the load value which can be denoted by Ly, Ly, ...L,. Thus,
the load values [, pertaining to the base stations b fall in
one of these ranges and are grouped into one of L;. In a
general case where the preamble sequence length is M bits,
the autocorrelation plot of the sequence will give a peak at
the origin and negligible values for all other delays. This is a
characteristic feature of the PN sequences due to their pseudo

random nature. In this paper, we modify the PN sequence
by selecting the first % bits of the PN sequence and then
repeating it j times where j = arg{L;}. This will give us
a sequence of M bits which would be periodic in the time
domain and would have j periods in the M bit length.

After this operation, the autocorrelation plot for the modified
preamble code shows j peaks corresponding to the number of
repetitions in the M bit sequence. We propose that this value j
be the metric which we use for load indication of a particular
BS. Hence, more the repetitions in the preamble sequence,
more will be the number of peaks in the autocorrelation plot
and that would indicate a more loaded BS. This modification
to the preamble code sequence by introducing periodicity
in the time domain does cause concerns over its effect on
cell identification and synchronization which the preamble
sequence actually has to fulfil. These are valid concerns as
due to the periodic nature of the modified preamble, it exhibits
lower separation of magnitude between the autocorrelation
peak and other values on the autocorrelation plot. These
concerns have been addressed in a recent study [7] which
shows that a considerably small part of the preamble sequence
is practically sufficient in terms of achieving the required goals
of identifiability and also synchronization. Larger number of
repetitions would make the errors higher, but below a maxi-
mum number of allowed repetitions p, it would be practically
sufficient.

Preamble Modifying Algorithm: The modification of the
preamble code would happen at the central network controller
where it will assign the j value (number of repetitions) to
the BSs according to their loads. This will be done by first
identifying the maximally loaded BS in the set of BSs B (line
3). Then, the group number of the load value is extracted
(line 4, 5) and accordingly, the preamble sequence is modified
(line 7 - 9) by taking the first % bits of P’ and repeating
it 7 times (line 8). Thus, the BSs will then transmit using
preamble sequences that have j repetitions of the first %
bits of the original sequence. This we call as the PMA or
Preamble Modifying Algorithm.

Pseudo-code for PMA

1 procedure PMA(p, 5)
2 while B # 0 do
3b<«— arg Igleaé(lb
41if Iy € L; then

57 <«—arg{L;}

6 endif

—}
72)(—7 whegp ERL;
8p «— [p ( ) (AT) .p (]\7)] (repeated j times)
ﬁ
9Py
10 B «— B/{b}

11 end while
12 end procedure

MS Cell Decision using AutoCorrelation: Then, at the MS,
the MS Cell Decision (MSCD) algorithm will be used to
detect load values of BSs which are of interest to the MS



and consequently make cell choice decision. We denote this
MSCD algorithm using auto-correlation as MSCD_AutoCorr.
The MS first correlates the preamble code with the copy
of the original preamble sequence code list it possesses to
identify the BSs (this step is involved in detecting the three
strongest BS signals in lines (2 - 6) of MSCD_AutoCorr) and
then uses the autocorrelation property (line 8 - 10) to find
multiple peaks (if applicable) instead of the single peak which
would have been the normal case. Detecting the number of
peaks (line 11-13), it arrives at the value j which conveys
information about the load, which is then used to decide on
the choice between the three BSs of interest. Prior to the
Preamble Modifying Algorithm, the grouping intervals of the
load values are assumed to have been decided by the central
network controller using uniform grouping.

The peak find() function finds the number of peaks in the
argument plot for different values of 7 and returns a value
which is equal to the number of peaks in it. Here we define
two design parameters r and §, which specifies the area to
be influenced by load balancing algorithm and the minimum
RSSI requirement, respectively.

Pseudo code for the MSCD_AutoCorr Algorithm
1 procedure MSCD_AutoCorr
2 P(k1) «— arg max RSSI;(p(k))
T (k)eP
3P «— P/ (k1}
4 (k) +— arg max RSSI, (7P (k))
T (k)P
5P «+— P/{T (k2}
6 P(ks) «— arg max RSSI;(F(k))
T (k)eP

7if gggﬁzﬁg’;;; < 1 && RSSI,(F (k2)) > 6, then

8 a(k1,T) «— autocorr(P (k1) where T is delay
9 a(k2,T) «— autocorr (7 (k2)

10 a(ks,T) <— autocorr(p (k3)

11 j(k1) +— peakfind(a(k1,T))

12 j(k2) <— peakfind(a(k2, 7))

13 ](k3) «— peak find(a(ks, 7))

14 k<— arg ke{krln,ikr;,kg}/{j(k)}

15 {b; } «— {b]7, = P (k)}

16 else

17{b7 } «— {b] 7', = P (k1)}
18 end if
19 end procedure

B. Use of the absolute cross-correlation property

In this approach, what we call the Preamble Allocation
using Cross-correlation (PAC) algorithm is performed at the
centralized controller. Here we use the maximum correlation
value of the preamble with a particular predefined sequence
T, This sequence can be an arbitrary preamble sequence
taken from one of the 114 PN codes which are used in the
1k FFT mode in IEEE 802.16e. When we correlate the BS’s
preamble code with this particular code ?0, the result can
then be used as a metric to which we can implicitly link
the load of the BS. This is largely dependent on getting
different such cross-correlation values for different preamble
sequences. In this method, the set ®, contains the sorted list of

various preamble sequences sorted with respect to their cross-
correlation value with 7. In @, the first preamble sequence
has the lowest cross-correlation with 7, and the last one has
the highest cross-correlation with 77,.

Before the commencement of this algorithm, the central
network controller will obtain the load values of all the base
stations. This load could be the number of users connected
or the number of calls connected. After this, the controller
would create a list ®; which would contain the preamble
sequences sorted according to the value of their maximum
cross-correlation with the reference preamble sequence 7.
The algorithm then searches the most loaded BS in the set B
(line 4). It then assigns the first sequence in ®,, which is the
one with the least correlation with 77, to it (line 5). Then,
the pointer to the top of the list ®, is incremented to the
sequence with the next lowest correlation with 7, and the
whole process is repeated till all the BSs are exhausted.

Pseudo-code for the PAC Algorithm
1 procedure PAC(B)
2:i=1
3 while B # 0 do
46+ arg max [y
beB
5 }Tg +— P(i) st. P(i) € Pg
6i+—i+1
7B +— B/{b}
8 end while
9 end procedure

MSCD using Cross-Correlation algorithm: Together with
the PAC algorithm, the MSCD using Cross-Correlation (de-
noted as MSCD_CrossCorr) algorithm is employed by the MS
if it is near the boundary between three BSs. Firstly the algo-
rithm identifies the three nearest BSs by using their RSSI (line
2 - 6). Then, a condition is tested using a design parameter
r which determines whether the MS is at the boundary area
between the two identified BS’s cells by calculating the ratio
of their RSSL

Pseudo code for the MSCD_CrossCorr Algorithm
1 procedure MSCD_CrossCorr

2 P(k1) «— arg _max RSSIs(P(k))
T (k)eP

3P «— P/{T(ki}
4 P (ka) +— arg max RSSI, (7P (k))
T (k)eP

5P «— P/{P (k2}
6 P(ks) «— arg max RSSI;(F(k))

T (k)eP
7if %% < r && RSSI,(F (k)) > , then
8 cc(k1) +— crosscorr(F (k1), Po)
9 cc(kz) «— crosscorr(P (k2), Do)
10 cc(ks) +— crosscorr(P (ks), To
11 Q «— {F(k1), P (k2), 7 (k3)}

12 kb +— arg max c
k:a'rg?(k)s.’t.?(k)EQ

13 {b7} «— {b| 7, = P (k)}

14 else

15 {b;} +— {b| 7 = P (k1)}

16 end if

17 end procedure

)
c(k)

Also, a minimum RSSI criteria is tested using a parameter
6 (line 7). When either of these two conditions fail, the usual



RSSI based selection is followed (line 15). Otherwise, the load
balancing algorithm comes into effect. Cross correlations of
the preamble sequences of the three BSs are calculated (line
8 - 10) and the BS having highest maximum cross-correlation
is chosen.

VI. SIMULATION RESULTS

In this section, we verify the applicability of using the
preamble sequences to indicate load information to the MS
through simulations based on MATLAB. In this regard, we
consider a 12 cell model with a frequency reuse factor of 1,
as illustrated in Fig. 5, and focus on the three cells in the center
with red, blue and green MSs. For the initial distribution of
users, we assume that 100 stations are located in cell 0, 80
stations are located in cells 1, 20 stations are located in cell
2 and all the other cells have 45 stations randomly distributed
over their cell region. Our algorithm is then applied to the
boundary stations. Also, for the sake of simplicity, we only
consider the channel gain due to path loss effect with a path
loss exponent of 5.

+ M5 under Cell0

MS under Cell 1
{» M5 under Cell 2

MS under Cells
3t

Fig. 5. Distribution of users in cells at r = 10. Note that the initial high
load of Cell 0 with 100 users has now changed and it has handed over many
of its MSs to the adjacent BSs after the algorithm runs for r = 10, and they
show now change of BS by changing colour. Hence, the BS becomes less
heavily loaded. Similarly observe Cell 2 with initially 80 users and finally
much lesser, on account of handing over of MSs to lightly loaded adjoining
cells.

In distributed systems, fairness is an important performance
criterion for allocation of resources or services. It is essentially
equal allocation of resources or features. In this paper, we take
those features to be bandwidth, which is a limited resource and
throughput, in terms of minimum data rate available equally
to all users. As the major target of every load balancing
scheme are cell boundary users, more users participate in load
balancing as r increases.

Simulations in this section implement the proposed algo-
rithms at the decision making level where depending on the
load of BSs, the stations in a certain area (defined by r) near
the boundary choose the BS to be associated with. Hence, as
both algorithms look at the same quantity i.e. load to help

MS’s make the cell choice, the simulation results for them
are identical. The differences in the two algorithms lie in the
method of detection of load information in the preamble, and
thus when this is accurately done as assumed in the simu-
lations, both algorithms give identical results. Fig. 6 shows
that the number of users becomes more evenly distributed as
r increases. This can be visually seen as in Fig. 5 where the
red MSs are associated to heavily loaded cell 0, blue MSs are
associated to cell 2 with heavy load again and the green MSs
are associated with the lightly loaded cell 1. At » = 10 case,
one can see how our algorithm leads many of the MSs near the
boundary of cell 0 to be handed over to neighbouring BSs and
thus becoming green/blue/yellow, as cell 0 is heavily loaded.
Similarly, blue MSs are also handed over to cells depending
on their loads. Green MSs however are mostly those who have
been handed over to BS of cell 1 by other heavily loaded BSs.
Thus, as we see in Fig. 6, at r = 10, all three BSs of cells 0
to 2 have number of associated MSs between 50 to 60. This
can be interpreted that our load balancing scheme leads to an
improved consequence in terms of fair resource sharing.

Number of Ugers at Cells 0, 1 and 2 ve inereaging »
110 T T T T T T T T T

MNumber of Ussrs

Fig. 6. Number of Users in Cells 0 to 2 vs r

For minimum throughput simulations, we consider the lower
bound case for throughput in a cell that occurs when all the
users are at the maximum distance from the BS, and hence,
have the lowest possible SNR at the MS. In such cases,
the bandwidth is equally distributed among the MSs, but the
capacity reaches its minima because of lowest SNR. This is
clear from the expression for channel capacity [8], where R
is the channel capacity, W is the bandwidth assigned to each
MS, P is the power received by the MS and Ny /2 is the noise.

% = log(1+

NOW)

Thus, this lower bound of throughput in a cell is calculated
for different variations of r and it is seen that the minimum
throughput improves considerably for the heavily loaded BS
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Fig. 7. Throughput in Cells O to 2 vs r

on application of the proposed algorithms for load balancing.
This is because the initially heavily-loaded BS hands over
some of its boundary users to the adjoining cells and hence,
achieves better throughput. On the other hand, the other two
lightly loaded BS’s throughput deteriorates slightly because
of the increase in number of users managed by the BS. This
can be interpreted that our load balancing scheme leads to
an improved consequence in terms of max-min throughput
fairness.
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Fig. 8. Load Variance per BS vs r

As a quantitative measure of how the load is distributed
among the various BS’s cells, we propose a metric called the
Load Variance [,,, which is given by:

> (b —1p)?

beB

n(B)

where n(B) is the total number of BSs, [, is the load
experienced by each BS and I, is the mean of all the load
values. Therefore, as the load gets distributed more evenly
among the different BSs, we see a gradual decrease in [,
as seen in Fig. 8, which shows its variation with different
values of our design parameter r. Thus, this metric is useful in
measuring the even-ness of distribution of MSs in a collection
of cells.

Z’UG/I" -

VII. CONCLUSION AND FUTURE WORK

In this paper, we have confirmed the applicability of the
preamble sequence as an implicit information indicating tool
and stations can take advantage of this in selecting a more
appropriate BS, thereby maintaining resource and throughput
fairness across the network. In the future, we shall work and
try to concatenate repeated PN sequences to form preambles
in such a way that would effectively minimize the degradation
of the preamble sequence in terms of detection. We shall also
work on developing methods that are computationally less
complex involved in cross-correlation of preamble sequences.
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