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In this paper, bandwidth adaptation as a new way of link adaptation is presented. It
comprises the adaptation of the transmission bandwidth to the actual channel conditions.
We describe bandwidth adaptation techniques for a two-link system under varying link
conditions. The total capacity is maximized under the constraint of a fixed transmit power.
Both theoretical and simulation performance results are presented. The performance is
compared to the case without bandwidth adaptation.

1 Link adaptation

Link adaptation is a technique to adapt the radio transmission parameters of a wireless link
to the actual channel conditions. By adapting the transmission parameters, the link perfor-
mance can be optimized. This may result in increased link throughput or reduced power
consumption. Advanced link adaptation techniques are made possible by the progress in
digital signal processing. It is now possible to implement complex algorithms in wireless
communication systems in a small footprint and at a low power consumption.
Link adaptation is commonly applied in modern communication systems, but the targeted
parameters so far are transmit power, modulation scheme and coding scheme [1]. In this
paper, we investigate the adaptation of the transmission bandwidth.

2 Bandwidth adaptation

Adapting the transmission bandwidth is not commonly applied, since traditionally radio
standards use fixed carrier spacings and therefore fixed transmission bandwidths. These
systems optimize the spectral efficiency in licensed bands. But in unlicensed bands, sys-
tems can be applied which allow more freedom. Any communication system is free to
use any part of the unlicensed band at any time [2]. Bandwidth adaptation offers the
possibility to avoid strong interference and to allocate resources efficiently over different
links. Therefore, bandwidth adaptation is an interesting option for systems operating in
unlicensed radio bands. According to Shannon’s channel capacity formula [3], adapting
the transmission bandwidth of a link changes the required transmit power or the capacity
of the link. Therefore, capacity and power can be optimized.

3 Basic approach

In order to study the impact of bandwidth adaptation, a simple model is used that consists
of two point-to-point links, see figure 1(a). The two links have to share a limited amount
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of bandwidth (Wtot) and are located within an enclosed room of 15x15 meters.

(a) System model consisting of two point-
to-point links

(b) Link model

Figure 1: System model

The distance between the transmitter x and the receiver y is denoted asdxy. From this
distance, the path gain(G) and received power(Pr) can be calculated by:

Pr(dxy) = Pt ·G(dxy) = Pt ·G0 · (dxy

d0
)−n (1)

wherePt is the (fixed) transmit power,G0 is the path gain to the reference distance,n is
the propagation exponent andd0 is a reference distance (normally chosen to be 1m).
The link performance is determined by the path gain, thermal noise and interference
from the other links, see figure 1(b). An error-free feedback path is assumed to support
the adaptation process. To simplify the analysis and to generalize between modulation
types, the interference from the other links is modeled as Additive White Gaussian Noise
(AWGN). This is a worst-case assumption. Since the path gain and interference are deter-
mined by the relative positions of the transmitters and receivers, a Monte Carlo simulation
is carried out. The nodes are uniformly distributed within the 15x15m area.
The optimization is carried out for two different cases. In the first case, each node has
complete information about the link conditions of each of the other nodes. This is called
theglobal knowledge case. This case can for example be realized by a central controller
which collects and distributes all the link conditions. In the second case, a node only has
information about its own link condition. This is called thelocal knowledge case.
Our goal is to optimize the total capacity of the two links under the constraint of a fixed
transmit power for both transmitters. The choice of a specific optimization type and con-
straint depends on the application requirements and the characteristics of the users and
the environment. We limited this research to one specific optimization(i.e. capacity max-
imization) as an example to show the concept and opportunities of bandwidth adaptation.
In general, bandwidth adaptation can also be used for different optimizations goals, for
example minimizing the overall transmit power [4].
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4 Analysis

4.1 Channel capacity

The capacity of a link is given by Shannon’s capacity formula [3]:

C = W log2(1+SNR) = W log2(1+
Pr

W ·N0
) (2)

whereC is the channel capacity,W is the bandwidth,SNRis the Signal-to-Noise Ratio,
Pr is the received power andN0 is the noise power spectral density.
According to Shannon’s capacity theory,C is the maximum bit rate for which data transfer
is possible without errors. The advantage of using the capacity as a performance measure
is that there is no need to consider specific modulation/coding methods.

4.2 Bandwidth sharing

The total available bandwidth can be shared by the links in different ways. Both links can
each use the total bandwidth, which means the transmission bandwidths overlap com-
pletely. This can only work in practice if the mutual interference is not too strong (i.e. the
nodes are far enough apart). If the nodes are too close, it is better to allocate bandwidth
to the links in a non-overlapping way.
Full overlap is only optimal whenboth receivers are far away from the interfering trans-
mittersandat the same time the receivers are relatively close to their corresponding trans-
mitters. In [4] it was shown that in an indoor situation under typical conditions (Pt = 0
dBm, room size<15 meters,Wtot = 4 MHz, n= 3.5), the probability for full overlap to be
optimal is indeed very small. We will therefore ignore the full overlap option and allocate
the bandwidth in a non-overlapping way.

4.3 Maximizing total capacity

4.3.1 Global knowledge

Since the total bandwidth is used in a non-overlapping way, the bandwidth of link 2 (W2)
can be expressed asW2 = Wtot−W1 whereW1 is the bandwidth of link 1. Using this
expression forW2 and Equation (2), the total capacity of the system of two links with
noise spectral densitiesNx and path gainsGx can be expressed as:

Ctot = W1 · log2(1+
Pt ·G1

W1 ·N1
)+(Wtot−W1) · log2(1+

Pt ·G2

(Wtot−W1) ·N2
) (3)

Differentiating, putting the derivative equal to zero, and solving forW1 yields:

W1 =
G1
N1
·Wtot

G1
N1

+ G2
N2

and W2 = Wtot−W1 =
G2
N2
·Wtot

G1
N1

+ G2
N2

(4)

Each link thus gets a portion of the total bandwidth that is proportional to its path gain (or
received power) and inversely proportional to its noise level. An interesting property of
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this solution is that it results in an equalSNRat both receivers:

SNR1 =
Pr

N1 ·W1
=

Pt ·G1

N1 ·W1
=

Pt · (G1
N1

+ G2
N2

)

Wtot
(5)

SNR2 =
Pr

N2 ·W2
=

Pt ·G2

N2 ·W2
=

Pt · (G1
N1

+ G2
N2

)

Wtot
= SNR1 (6)

This result can be generalized forN links [4]. If both noise levels are equal, the equal
SNRcondition simplifies to the condition that the power spectral densities (PSD) should
be equal. For the rest of this paper we will assume equal noise densities and therefore use
an equal PSD as the condition for deriving the maximum capacity.

4.3.2 Local knowledge

In case of local knowledge, the solutions of Equation (4) can not be used directly, since
the path gains of other links are not globally known. Therefore, an iterative algorithm was
developed using the property that an equal PSD at both receivers is optimal. The main
idea is to try to decrease high PSD values by increasing the bandwidth of that specific
link. The flow diagram of this algorithm is shown in Figure 2.

If PSD > PSD ref

Increase
bandwidth

If other link is
jamming

Calculate new
capacity and PSD

If PSD > PSD ref
Wait for fixed

amount of time

Decrease
bandwidth

Jam other link

True True True

False False False

Figure 2: Flow diagram for local knowledge algorithm

The algorithm requires a reference PSD, which is used to compare the actual PSD with.
The value of the reference PSD needs to be tuned to the path gain probability distribution,
such that only part of the actual PSD values are above the reference [4]. Each transmitter
will monitor the PSD at its corresponding receiver. If its PSD is above the reference, it
will try to increase the bandwidth, which will lower the PSD. If overlap with the other
link occurs, the transmitter will send a jam signal to the other link. The jam signal is not
further specified in this paper, but serves as a notification to the other link to reduce its
bandwidth. The other link will respond to this by decreasing its bandwidth. Both links
have to apply the algorithm subsequently. If both links are jamming, this will be detected
and the iteration will end.

5 Simulation results

5.1 Global knowledge

In Figure 3(a) an example is shown to indicate how the bandwidth is divided (lower part)
in response to ten different system realizations (upper part). If the path gain values of
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both links are close together, the bandwidth will be approximate equally shared. If one of
the links has a significantly better link condition, more bandwidth will be assigned to this
better link.
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(a) Path gain values and optimal bandwidth al-
location of 10 different system realizations for a
transmit power of -10dBm
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Figure 3: Simulation results for adaptation with global knowledge

Figure 3(b) shows the cumulative probability distribution of the capacity for both fixed
bandwidth allocation and adaptive bandwidth allocation. Two different power levels are
considered. It shows the positive effect of the adaptation on the total capacity. For very
low capacity values, the fixed allocation and the adaptive allocation coincide. At low
capacity values, the links have a low path gain. Bandwidth adaptation cannot improve the
total capacity in these cases. For higher capacity values, bandwidth adaptation improves
the total capacity because it exploits the better link. The figure also shows that an increase
in transmit power shifts both curves equally to the right.

5.2 Local knowledge

Figure 4 shows an example of the operation of the local knowledge algorithm. Figure 4(a)
shows the PSD and the bandwidth of both links; Figure 4(b) shows the resulting capacity
of both links and the sum capacity. In this example, link 2 has a higher path gain. For the
first five steps, the PSD of link 2 is above the reference PSD. According to the algorithm,
link 2 will thus send a jam signal to link 1. In each step, link 2 will get some bandwidth
that link 1 has given up. This will result in an increase of the total capacity in each step,
as Figure 4(b) shows. The iteration stops in step 6 when the PSD of both links is below
the reference.

6 Conclusions

For this paper, the total capacity of a two-link system with fixed transmit power was
optimized by adapting the bandwidth values of both links. It was shown that the maximum
total capacity is reached when the bandwidth is allocated such that theSNRvalues at both
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Figure 4: Example showing the operation of iterative algorithm for a transmit power of
-10dBm

receivers are equal. For receivers with equal noise characteristics, this means that the link
with the smallest path loss is allocated the broadest bandwidth.
Figure 5 shows the relative gain in total system capacity for different transmit power
levels. It shows that both in case of global and local knowledge, capacity gain can be
achieved, but the global knowledge case clearly outperforms the local knowledge case.
The maximum gain that was achieved is around 16%. The relative gain decreases with
increasing transmit power. This is due to the fact that the absolute gain in capacity is
nearly constant.
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Figure 5: Relative capacity gain compared to fixed BW allocation
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