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Abstract—Wireless Personal Area Networks (WPANs) are used
for a wide variety of applications. Earlier WPANs, like Bluetooth,
offer data rates only for low rate communication. Nowadays,
consumer electronic devices have high demands on communica-
tion systems, e.g. for high definition video transmission. Users
expect future WPANs to act like wired systems by means of
reliability, that is, packet loss and distortion. Multimedia systems
are ubiquitous; hence, it can be expected, that future WPANs
have to operate in dense network topologies. For that reason
new technologies have to be evaluated in terms of interference
mitigation and their ability to cooperate with Simultaneously Op-
erating Piconets (SOPs). This paper focuses on Ultra Wideband
(UWB) communication according to ECMA-368, called WiMedia.
WiMedia’s reservation-based medium access for high throughput
and strict QoS requirements is evaluated taking inter-piconet
interference into account. Strategies for distributed interference
aware scheduling are proposed and examined by simulation to
show system capacity for given scenarios.

Index Terms—wimedia, wireless personal area networks, mac,
distributed reservation protocol, ultra wideband

I. INTRODUCTION

Since 2009 regulation on UWB is finished, making several
frequency bands in the range from 3.1 GHz to 10.6 GHz
world-wide available for license-exempt usage of UWB tech-
nology. However, according to national regulation the over-
all bandwidth differs in each country. Hence, the whole
7.5 GHz wide spectrum is not usable completely but at least
1.5 GHz. The maximal power density of UWB is restricted
to -41.3 dBm/MHz, hence interference to narrow band systems
is harmless, but the coverage range is limited to 10 m. Very
low power consumption and huge bandwidth make UWB a
promising candidate for high-rate WPANs, for mobile as well
as stationary applications. Short range communication today is
characterized by different kind of technologies. Each of them
works well for limited field of application. In environments
where high data rates are needed, wired technologies like USB
or HDMI are often used, lacking a viable wireless alterna-
tive. To achieve success, next generation WPANs have to be
suitable for a wide variety of applications enabling wireless
connections among devices in digital home environments.
If wired connections are replaced by wireless connections
in typical home environments, multiple WPANs will have
to operate simultaneously. The Consumer Electronic Special
Interest Group (CE-SIG) expects that high definition TV, video
and audio are prime applications of future WPANs. [12] Such
high definition multimedia applications have strong demands
on throughput and delay and are therefore adequate to evaluate

next generation WPANs. The paper focuses on ECMA-368,
the WiMedia standard for UWB communication. The Dis-
tributed Reservation Protocol (DRP) is under investigation,
a collision-free medium access for isochronous traffic. An
interference aware scheduling is introduced for DRP, referred
to as Interference Aware DRP (IA-DRP) channel access to
increase system capacity in dense network topologies. The
IA-DRP is examined by simulations using the open Wireless
Network Simulator (openWNS). The paper is organized as
followed: An overview of ECMA-368 is given in Section
II, the inter-piconet interference is described in Section III,
Section IV shows the related work, details on DRP connection
establishment are given in Section V, Section VI describes the
proposed algorithms for IA-DRP, results are shown in Section
VII and finally in Section VIII a conclusion is given.

II. THE WIMEDIA STANDARD

The WiMedia Alliance has developed world’s first UWB
standard for consumer electronics. This standard, in the fol-
lowing called WiMedia, is published by ECMA in 2005 as
ECMA-368 [4]. Since 2007 WiMedia is approved as ISO
26097. WiMedia has released version 1.5 in 2009 providing
data rates beyond 1 Gb/s [13].

A. Physical Layer

The physical layer of WiMedia is designed to use the whole
7.5 GHz spectrum range from 3.1 GHz to 10.6 GHz. This
frequency spectrum is divided into 14 bands of 528 MHz band-
width each, as depicted in Figure 1. These frequency bands are
further structured into six groups. Group one to four consists of
three bands, group five only of two. A sixth group is defined
holding one band of the third group and two bands of the
fourth. Only this sixth group is world-wide available. WiMedia
uses Orthogonal Frequency Division Multiplex (OFDM) with
a symbol length of 312.5 ns. The data is modulated onto 128
subcarriers of 4.125 MHz bandwidth using Quadrature Phase
Shift Keying (QPSK) or Dual Carrier Modulation (DCM).
With eight different Modulation and Coding Schemes (MCSs)
WiMedia offers data rates from 53.3 Mb/s to 480 Mb/s.

B. Medium Access Control Layer

The channel access is organized in a completely distributed
manner, without a central coordinating device. The superframe
lasts 65 ms and is divided into 256 Medium Access Slots
(MASs). The superframe is further subdivided into a Beacon
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Fig. 1. The WiMedia frequency bands.

Period (BP) and a Data Transfer Period (DTP), as shown in
Figure 2. During the BP it is mandatory for each device to send
a management frame, called beacon. The management infor-
mation in the beacon is structured in Information Elements
(IEs). Different IEs are used to inform the neighbours about
the own capabilities, network topology or about medium
reservations. During the DTP the devices are allowed to send
their user data either by competing for channel access (PCA)
or in exclusively reserved MASs (DRP). Subject to the number
of devices in a piconet, BP and DTP length vary.

1) Prioritized Contention Access (PCA): The PCA is a
contention-based access derived from IEEE 802.11e. A device
is allowed to start its transmission if the channel is sensed as
idle, the backoff counter reaches zero and the transmission
will be finished before next BP starts or before beginning of
a neighbours DRP reservation.

Superframe

256 MAS
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Beacon Period Data Transfer Period

MAS
Beacon 

Slot
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Fig. 2. Superframe structure.

2) DRP: Beside the contention-based access WiMedia pro-
vides a reservation-based access for unidirectional communi-
cation, called DRP. This channel access mechanism allows
devices to reserve MASs for their exclusive use. When the
own reservation starts, the device does not need to wait before
accessing the channel. To establish a reservation a two-way
handshake is needed. The source device which initiates the
transmission is called reservation owner, the destination device
acts as reservation target. Both devices involved in transmis-
sion have to negotiate. The reservation owner sends a Dis-
tributed Reservation Protocol Information Element (DRPIE)
to propose MASs for transmission. The decision which MASs
are to be used in reservation is based on neighbours DRPIEs.
A reservation is established only, if the proposed MASs are not
in use for transmission in the direct individual neighbourhood,
referred to as beacon group, of both devices. If the reservation
target accepts, the reservation will be announced in each
beacon. Devices in the two-hop neighbourhood defer from

channel access as long as the DRPIEs are sent in the beacons;
hence, a collision-free access is guaranteed.

3) Beacon Period Protection: It is of high priority to protect
the BP against collision and interference. WiMedia gives
instructions how to cope with interference detected in the
BP. Functionalities are defined to merge different overlapping
piconets or to change frequency.

III. INTER-PICONET INTERFERENCE

WiMedia coordinates Simultaneously Operating Piconets
(SOP) in order to prevent BPs from interference, in accordance
to Section II-B3. Therefore, in the following the BP is assumed
to be interference free. Piconets operating in close vicinity
to each other and sharing the same frequency channel will
interfere in DTP, if the networks are not fully meshed. In
a fully meshed network, meaning connectivity equals one,
devices are informed of neighbours’ DRP reservations by gath-
ering management information through beacons. It prevents
devices from channel reuse. If the connectivity of the network
is below one, some devices become members of an extended
beacon group. These devices are able to reuse the same
MASs as already occupied by other piconet members. Ongoing
transmission in parallel lowers Signal over Interference plus
Noise Ratio (SINR) of the interfered devices. A decreasing
SINR can force other piconet members to select a more robust
MCS to meet their requirements on Frame Error Rate (FER).
Using DRP causes interference to be periodical.

IV. RELATED WORK

In [14] a three-way instead of original two-way handshake
process for DRP reservation establishment is proposed. It
addresses to avoid interference or conflicts in the individ-
ual two-hop neighbourhood. As a standard’s amendment a
reservation confirmation and conflict message are introduced.
The reservation owner sends a confirmation if the reservation
target grants the DRP reservation. The time to send a veto
is expanded. Such a kind of veto is sent by devices not
involved in DRP reservation directly if the allocated MASs
are already occupied in their neighbourhood. This extended
process avoids any conflicts and interference in the two-hop
neighbourhood. The proposed algorithm is very restricted by
restraining any transmission in parallel. Another interference
avoidance mechanism is proposed in [11]. The aim is to avoid
interference from uncooperative beacon groups that operate
simultaneously in the same area. Since the WiMedia standard
supports multiple Time Frequency Codes (TFCs), it is possible
that the devices’ beacons are sent in different bands while the
transmission of the data is partly done in the same bands.
To resolve this kind of interference the proposed mechanism
scans for beacons in every band that overlaps with its own
bands. Through the beacon information of the other bands
the possible interference afflicted MASs are known. The sets
of MASs for reservation are combined in the way that MASs
without any interference are used at first. If those do not suffice
also interference afflicted MASs are considered. However,
the experiments were only conducted for a fixed MCS and



completely meshed devices. Therefore the scenario does not
consider the issues that are discussed here. Furthermore only
the interference from nearby devices, whose beacons can be
decoded through listening to other bands, can be avoided. SOP
in WPANs based on IEEE 802.15.1, also known as Bluetooth,
are subject to recent research activities [1] [2]. In centralised
piconets like Bluetooth problems caused by interference from
SOPs are incomparably more difficult than SOPs in decen-
tralised networks. Piconet controllers out of transmission range
have to be informed about strong interference caused by
partially overlapping piconets. This issue is addressed in [9].

V. DRP CHANNEL ACCESS

DRP, originally introduced in [5] as Distributed Reservation
Request Protocol (DRRP), is designed to support isochronous
traffic which claims for strict Quality of Service (QoS) by
means of frame delay. For DRP renegotiation the common
two-way handshake is needed associated with a further in-
creasing frame delay. Hence, in contrast to PCA, DRP is
inflexible and does not react immediately to an increasing
offered load. It is therefore a major issue to estimate resources
accurately, before starting DRP negotiation.

A. Frame Transaction (FT)

The whole time required to send one frame successfully,
taking guard times and Acknowledgement (ACK) into account,
is called FT. The frame duration depends on the chosen MCS.
The reserved resources measured in MASs must offer channel
time at least equal to FT.

B. Reservation Pattern

A reservation can be classified into the following categories:
Single MAS, multiple single MASs, multiple adjacent MASs
or multiple adjacent non-consecutive MASs. Usually more
than one MAS has to be reserved for data transmission. If
MASs are reserved consecutively they offer continuous chan-
nel time, referred to as Transmission Opportunity (TXOP).
As additional guard times are needed once in each TXOP, the
reservation of multiple adjacent MASs are more efficient than
multiple single MASs per superframe. The multiple adjacent
MASs strategy leads to only one continuous reservation in
each superframe. As the superframe repeats regularly also the
reservation is repeated periodically which leads to a certain
reservation pattern. It is expected that different reservation pat-
tern differ in resource utilization due to internal fragmentation.
If a FT is not a multiple of MAS duration, channel time is
wasted.

C. DRP Connection Establishment

It is not up to WiMedia to give rules on reservation
strategies. Well-designed algorithms for distributed scheduling
strategies will improve system reliability and gain its capacity.
Figure 3 shows a flowchart of resource allocation and connec-
tion maintenance process.

At first, the offered load must be calculated either by
information given from higher layers or by estimation on the
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Fig. 3. Flowchart: non-interference aware DRP resource allocation.

Medium Access Control (MAC) layer. The FT calculation
follows based on packet size, MCS and chosen ACK strategy.
It leads to the number of direct adjacent MASs that fits FT.
With this number of MASs and number of packets arriving
per superframe, a reservation pattern can be created based
on the aforementioned strategies and neighbours’ connections.
After negotiation has been finished successfully, reservation
information is given to the scheduler. Frames are transmitted
in each TXOP. According to the chosen ACK strategy the
reservation owner gets feedback on FER. If the FER is
too high due to channel uncertainties and exceeds a given
threshold depending on QoS requirements, a more robust MCS
must be selected. This is also the case, if the attenuation
between reservation owner and reservation target based on
their distance is too high. A more robust MCS leads to
increasing frame duration and a new FT calculation is needed.
In consequence more MASs must be reserved. The following
DRP renegotiation will lead to an inappropriate reservation
pattern, if the additional MASs cannot be reserved according
to the selected reservation strategy. It stands to reason that
initial MCS selection is also a major issue on DRP connection
establishment.

VI. INTERFERENCE AWARE DRP SCHEDULING

The ambition of the IA-DRP is twofold. It assists a reser-
vation owner to select the best MCS before DRP negotiation
starts, to make further MCS adjustments redundant. With
proper knowledge of the possible MCS for a certain reser-
vation pattern, IA-DRP will be able to prevent an excessive
fragmentation of the DTP. This kind of fragmentation occurs,
if a reservation owner, expanding the current established
reservation, has to reserve single MASs, as other channel
resources are in use by other piconet members. As each TXOP
is associated with further guard times, fragmentation leads
to an inefficient channel usage. Changing the MCS entails



FT recalculation and DRP renegotiation. In consequence time
for establishing DRP connection increases. The second point
is to allocate MASs with the weakest interference first. The
creation of a reservation pattern composed of MASs with
highest expected SINR at the reservation target will save
system resources. The reservation owner is able to choose
a MCS which offers a higher data rate while maintaining a
reasonable FER. Moreover, it diminishes interference to other
piconet members. The reuse distance is increased beyond the
protected two-hop neighbourhood. For IA-DRP the following
points are to be taken into account and gathered by each device
before establishing a DRP connection:

1) Keep track of beacon signal strength of received bea-
cons.

2) Measure interference for each MAS in DTP.
3) Propose interference free MASs for reservation.

A. MCS Selection

As the BP is assumed to be interference free, according
to Section II-B3, the initial MCS selection depends on the
ratio of the calculated beacon signal strength to the mea-
sured interference in DTP for a certain kind of MAS. The
FT duration depends on the chosen MCS. The prediction
of needed resources, measured in MASs, depends on SINR
estimation. Each device announces interference free MASs
by sending a DRP Availability IE. It enables a reservation
owner to use MASs which are marked to be interference
free at the reservation target. This point accounts for different
interference situations measured by the reservation owner
and reservation target. As each DRP reservation belongs to
unidirectional connection, the interference measured at the
reservation target is crucial for MCS selection. Noteworthy,
the overhead is not increased as WiMedia reserves beacon
slots of fixed duration for each device. This function can be
seen as a target assisted MCS selection. If the number of
interference free MASs do not meet the reservation owner’s
requirement, further MASs need to be reserved. A reservation
owner must consider the DRP Availability IE. It prohibits
the use of MASs outside the indicated ones. It is therefore
necessary to probe for additional resources by sending a DRP
Probe IE. The reservation target answers with an updated
DRP Availability IE and gives permission to use the other
interference afflicted MASs. The reservation target differen-
tiates interference afflicted MASs according to the usable
MCS, depending on the measured SINR and the associated
switching points. WiMedia offers eight MCSs, hence, with
eight DRP Availability IEs, each belonging to one MCS
from the highest to the most robust, the reservation owner
is completely aware of unoccupied and interference afflicted
MASs. The interference afflicted MASs are furthermore dif-
ferentiated according to usable MCSs. Being aware of all
MASs characteristics the reservation owner chooses at first the
interference free MASs and, if needed, adds MASs with less
performant MCSs. Assortment of system resources on each
MCS is done in accordance to the third reservation pattern
strategy (multiple adjacent MASs), as mentioned in Section
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V-B. For each used MCS the reservation owner establishes
one logical DRP connection. It enables the reservation target
to give feedback on each MCS. A Link Feedback IE contains
data rate information and requests for other MCSs.

Figure 4 shows the flowchart for IA-DRP. Service Data
Units (SDUs) arriving at the MAC layer are counted for traffic
estimation. Number of packets generated per superframe and
their maximum packet size are parameters for the following
FT calculation. This calculation considers the ACK policy and
the eight MCSs. The resource allocation is done taking inter-
ference free and, if needed, interference afflicted MASs into
account. If the reservation pattern is composed of interference
afflicted MASs, the different MCSs are taken into account.
The algorithm (1) shows the resource allocation.

Algorithm 1 AllocateMASs
1: while NeededResources > 0 do
2: if MCSid > 0 then
3: GetAvailableMASforMCS(MCSid)
4: MCSid = MCSid - 1
5: repeat
6: FindmostfreeAdjacentMAS()
7: MarkAdjacentMASasOccupied()
8: UpdateNeededResources()
9: if NeededResources == 0 then

10: BuildDRPIE()
11: exit()
12: end if
13: until AvailableMASforMCS == 0
14: BuildDRPIE()
15: end if
16: end while

As long as resources are needed, the algorithm searches in
ascending order for each MCSid for unoccupied MASs until
the requirements on channel resources are met or the break
condition is reached. It tries to reserve as many consecutive
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MASs as possible. The needed resources are recalculated after
each MAS occupation. After successful DRP negotiation, the
reservation information is given to the scheduler. For further
MCS adjustments Link Feedback, interference sensing and
FER calculation are taken into consideration.

VII. EVALUATION

A. Scenario

The goal of IA-DRP is to avoid respectively reducing the
interference from connections of multiple SOPs to increase
the overall system throughput. That is supposed to be done by
increasing the reuse distance of MASs. By reducing the inter-
ference in MASs a faster data rate becomes usable. To evaluate
this effect a multi-user scenario is needed as there need to be
multiple possible interferers to make a difference regarding
the allocation of interference afflicted channel resources. The
CE-SIG describes certain requirements on UWB technology
for the Consumer Electronic (CE) market. It mainly considers
multimedia applications of the digital home interconnection.
The scenario and the evaluation are designed regarding stated
requirements. Five SOPs are evaluated. Each piconet consists
of five connections. The related positioning of the SOP is
modified, meaning that their grade of connectivity changes.
The connectivity describes the ratio of devices in the system
that can evaluate the beacons of devices in close proximity.
In case of completely overlapping SOPs the devices of all
piconets are completely meshed wherefore the connectivity is
at its maximum. Hence all devices cooperate with each other
for channel access and share channel resources without any
conflicts or interference. The connectivity is decreased if the
distance of the SOP is increased so that some devices cannot
evaluate the beacons of the neighbouring devices anymore and
therefore become possible interferers. Increasing the distance
also means to decrease interference of the neighbouring pi-
conets. Due to this complexity multiple scenarios with altered
grades of connectivity are created. The scenario is depicted in
Figure 5.

The altered difference between the SOPs is emulated
through an increasing path loss. The scenario therefore consists

TABLE I
SCENARIO PARAMETERS

Parameter Value

SOPs 5 [7]
Connections per piconet 5
Communication distance 0.1 m - 2.0 m
Positioning of device pairs Random
Frequency band 2 : f = 3.96 GHz
Power Spectral Density -41.3 dBm/MHz
Path loss exponent 2.0 [10]
Channel Model (CM) 2 [6], [8]
Wall Loss 0 dB - 25 dB
Traffic Characteristic CBR
Packet Size 1500 B
Offered Load Alternated
Useable MCS 8 : 53.3 Mb/s - 480 Mb/s
Maximum FER 3 % [12]

of five rooms surrounded by walls and arranged as a cross so
that the piconet in the middle room, which is the evaluated
one, is surrounded by possible interferers in all directions. All
devices use the DRP medium access. Position of device pairs
and time of connection start-up both are selected randomly.
First the reservation owner is positioned randomly within the
room. Then a random angle and distance is chosen to position
the reservation target with respect to the owner’s position. The
random distance is limited to the range from 0.1 m to 2.0 m
and the position needs to be within the same room. All devices
in the same room are completely meshed and thus cooperative.
All WiMedia supported MCSs can be used by the devices and
are chosen according to the DRP strategy with the goal to
achieve a FER below 3%. Table I shows the parameters for
simulation, using the openWNS [3].

B. Results

The offered load for all devices is varied to evaluate the
throughput of each connection in the central piconet. The
maximum system capacity is determined by the saturation
point, for which the first device cannot serve its offered load
anymore. Connections are saturated by an increased offered
load. To strengthen the validity of the results the simulations
are run with 30 seeds of the random number generator which
is used for the positioning of the devices and selection of
the start-up times of the connections. The different results
for each seed are averaged for every wall attenuation value
and the corresponding 95% confidence interval ranges are
evaluated. The four different DRP strategies are considered
in the following, as depicted in Figure 6.

They are referred to as:
• (IA-) Random-MAS: MASs are allocated randomly.
• (IA-) Grouped-MAS: Multiple adjacent MASs are re-

served.
The Grouped-MAS allocation is described in Section V-B.
Random-MAS means, that each MAS is reserved randomly
until all needed resources are allocated. Both strategies are
used to evaluate system capacity for interference aware (IA)
and non-aware devices. The non-aware Random-MAS strategy
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is the simplest one and serves as a basis to compare the four
reservation strategies.

1) Connectivity: At first analytical result for the connec-
tivity is given, to show the influence of the extended bea-
con group. The minimum receiver sensitivity, necessary to
receive a beacon successfully is -80.8 dBm. The connectivity
is evaluated by calculating the probability of the distance
between the randomly positioned devices, being less than
the maximal possible distance for which the devices can
still decode any other devices beacon. This distance can be
calculated according to the path loss formula, which is given
as:

PRx[dBm] =
PTx[dBm]− 20 log10(

4πr0
λ )− 10γ log10(

r
r0
)−W

where PTx is the transmission power, r0 denote the reference
distance, r the distance between transmitter and receiver, λ
expresses the mean wavelength, γ is the path loss exponent
and W models the wall attenuation. The probability of being
able to decode beacons of the surrounding piconets can be
evaluated by calculating the Probability Density Function
(PDF) of the distance between devices in the central piconet
to the outer ones. This distance is given as:

d =
√
(x2 − x1)2 + (y2 − y1)2 (1)

The probability can be evaluated by combining the uniform
distributed PDFs of the device coordinates. Since all coor-
dinates represent independent random variables the PDF of
the sum respectively the product of these variables can be
calculated according to the following:

fX1+X2
(z) =

∫ ∞
−∞

fX1
(t)fX2

(z − t)dt

fX1·X2(z) =

∫ ∞
−∞

1

|t|
fX1(t)fX2(

z

t
)dt

Finally the connectivity can be calculated by computing the
Bernoulli distribution since the probability of each possible
connection from each device of the evaluated central piconet
to the surrounding ones needs to be evaluated. However, the
Bernoulli distribution equals the probability of the event and
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does not depend on the amount of connections. Therefore
the connectivity equals the already evaluated probability of
a distance being less than the maximum distance, for which
the devices are able to decode other devices beacons. Figure 7
shows the expected connectivity of the central piconet to the
surrounding SOPs depending on the configured wall attenua-
tion. In case of zero wall attenuation each device is connected
to each other. Notable interference is not expected for a wall
attenuation of less than 4 dB as the connectivity is above
80% and most devices therefore operate cooperatively. This
means, that they recognize each DRP connection as all devices
are members of the same beacon group. With an increasing
wall attenuation connectivity decreases and devices become
member of an extended beacon group. It is expected that the
interference becomes worse in the range from 5 dB to 12 dB,
as the connectivity decreases significantly. However, due to
further increased wall attenuation the possible interference
strength is decreased wherefore at some point the system will
be interference free again. As the connectivity is about 2% at a
wall attenuation of 15 dB nearly all devices are uncooperative
already. A further increase of the wall attenuation does not
result in any additional interference.

2) Throughput: The mean throughput versus varying wall
attenuation is depicted in Figure 8. The diagram can be clas-
sified into two interference free and one interference afflicted
part. Furthermore, in conformance with Figure 7 three different
areas can be derived.
Almost fully meshed system: 0 dB to 5 dB
Each device respects each other DRP reservation. Only devices
located at the edges of the scenario are members of an
extended beacon group, which could cause interference from
MASs reuse. The dashed line in Figure 8 from 0 dB to 5 dB
shows the analytical result for saturation throughput in a
fully meshed system, considering varying MCSs according
to randomly chosen distance between reservation owner and
reservation target. It means that all channel resources in DTP
are shared between cooperating devices in each SOP. Random-
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MAS and IA-Random-MAS reservation strategies both show
the same throughput results. The marginal gain of the IA-
Grouped-MAS strategy is in consequence of decreasing over-
head as explained in Section V-B.
Partially meshed system: 5 dB to 12 dB
Throughput gain from interference aware scheduling is ex-
pected to be maximal in this area, as connectivity decreases
strongly and devices suffer from severe interference. As stated
in [10], impact of typical building materials on UWB signals
is in this attenuation range. The MAS reservation without
being interference aware shows a lower throughput for both,
Random-MAS and Grouped-MAS strategy. The differences
between IA-Random-MAS and IA-Grouped-MAS allocation
is in accordance to higher MAS fragmentation. The inter-
ference becomes harmful, if the Grouped-MAS reservation
strategy is chosen. The confidence interval shows, that the
saturation throughput varies greatly if position of devices is
changed. In contrast the Random-MAS allocation is more
robust against interference and alternating positioning. The
probability of interference throughout the whole reservation
pattern is strongly reduced, if the MASs are allocated ran-
domly.
Non-meshed system: beyond 12 dB
The interference becomes harmless and the SOPs are fully
separated, due to strong wall attenuation. The saturation point
depends only on the number of members in each piconet. For
Random-MAS and IA-Random-MAS strategy the throughput
is the same again, which means, that there is no difference to
be interference aware or not aware. The marginal difference
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Fig. 9. Throughput gain relative to Random-MAS strategy in percent.

between Grouped-MAS and IA-Grouped-MAS is caused by
different initial MCS selection. For IA-DRP the initial MCS
is estimated, which is not the case for non-aware strategy, as
described in Section VI.

Figure 9 shows the capacity gain relative to Random-MAS
allocation. The Grouped-MAS strategy is not considered as its
performance varies too much with changing topology. The IA-
Grouped-MAS strategy offers a capacity gain between at least
10% to 40% which is achieved in the interference afflicted
state from about 5 dB to 12 dB.

For a wall attenuation of 8.5 dB, Figure 10 shows the PDF
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Fig. 10. Probability of MCS in use.

of the used MCSs. As the MCSs depend directly on the SINR
it serves as an indicator for the IA-DRP performance. The
PDF is averaged throughout the random seeds. In case of a
completely meshed system there is no interference wherefore
the MCS distribution solely depends on the different distances
of the communicating devices. In almost 95% a MCS is used
which provides a data rate of 320 Mb/s or greater. For Random-
MAS, in only about 67% a MCS is used offering a data rate
of 320 Mb/s. The higher interference forces the devices to use
a more robust MCS. The Grouped-MAS strategy performs
worst. 10% of the connections can only be served at 53 Mb/s
since the interference is too high. Comparing the IA strategies
both show almost the same MCS distribution, as IA-Grouped-
and IA-Random-MAS use the same interference avoidance
algorithm.

VIII. CONCLUSION

This paper is concerned with different resource allocation
strategies to be used by the DRP which is part of WiMedia.
These strategies can be classified according to the following
two aspects: Random or grouped allocation of MASs, with
or without interference awareness. Therefore four different
strategies are identified. The simplest strategy uses random
MAS allocation without interference awareness. It represents
the benchmark strategy for the developed interference aware
scheduling. Evaluation is performed by implementing all
strategies into the openWNS. According to the results the
following conclusions can be drawn: The DRP enables to
create connections with a guaranteed throughput depending on
the allocated MASs, the grouped resource allocation is prone
to topology changes and cannot offer a reliable performance
in interference afflicted scenarios.

It is therefore not recommended. The interference aware
scheduling enables an increased capacity due to an intelligent
reuse of the resources in the system of up to 30%. Furthermore,
the interference aware scheduling resolves the issues of the
grouped resource allocation and in combination enables a
capacity increase of up to 40%.
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