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Abstract  
This paper presents a new collaborative mechanism for efficient coordination of radio 
communication devices, in particular addressing the unlicensed ISM band at 2.4 GHz. As the 
traffic in the ISM band is increasing tremendously, the potential for interference between 
uncoordinated devices is becoming a problem and can result in severe degradation of the 
performance of these systems. Devices using the same technology can benefit from 
standardized QoS solution, as for example introduced in WLAN IEEE Some recent 802.11e [ 1]. 
But the unlicensed  ISM typically supports heterogeneous networks using different 
technologies. Collaborative and non-collaborative mechanisms that have been proposed are 
designed only for some particular systems and are inefficient because they result in a lack of a 
spectrum map. The collaborative mechanism proposed in this paper enables spectrum 
coordination between multiple wireless devices using conventional radio standards such as 
IEEE WLAN 802.11x, Bluetooth, ZigBee, and so on. The proposed mechanism permits 
flexibility in spectrum sharing procedures, which can take into account more complex 
parameters and results in a more efficient spectrum allocation. The collaborative mechanism is 
based on a Shared Broadcast Control Channel (SBCH). The SBCH is a low rate signal using 
continuous phase modulation. Simulation results show that the SBCH signal can be generated 
by conventional transmitters and can be detected with conventional receivers.  
 

1. Introduction 
The interest of using unlicensed bands, in particular the 2.4-GHz Industrial, Scientific, and 
medical (ISM) band, has been growing enormously because it permits the design of low-cost 
systems. The 2.4 GHz band is now used by different technologies such as IEEE 802.11 
Wireless LAN (WLAN) systems, Bluetooth devices, Home-RF solutions, cordless phones, and 
ZigBee. The number of different technologies and their demand for capacity in terms of 
bandwidth, is substantially growing. New services require high data rate systems and are 
designed to provide QoS. But as the popularity of unlicensed radio devices grows, there is 
increasing concern about the potential for destructive interference between uncoordinated 
devices, particularly between those using different radio technologies. A collapse of the ISM 
band can be expected in some areas where there is large number of units requiring capacity. 
Methods for reducing interference between different radio devices in unlicensed band have 
gained increasing interest. Most of the work in this area is on the coordination between WLAN 
and WPAN devices, in particular, between IEEE 802.11b and Bluetooth [ 3] [ 4].  
We can distinguish between two categories of coexistence mechanisms. The first category 
addresses the non-collaborative mechanisms: these mechanisms do not exchange information 
between two wireless networks but operate independently. Individual devices detect the 
presence of other kinds of devices by measuring the bit or frame error rate, the signal strength, 
or the signal-to-noise ratio. For example, Adaptive Frequency Hopping (AFH) implemented in 
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Bluetooth devices classifies channels and alters the regular hopping sequence to avoid the most 
interfered channels. The second category addresses the collaborative mechanisms: these 
mechanisms exchange information between different networks and intend to support 
coordination between unlicensed radio transceivers by sharing information between them and 
locally controlling transmissions to avoid interference. The disadvantage of the presented 
collaborative mechanisms is that they are implemented when the interfering technologies are 
co-located in the same unit.    
In this paper we present a new collaborative mechanism that is based on a Shared Broadcast 
Control Channel (SBCH) where information is exchanged via the radio interface. The concept 
is to enable mutual observability between neighboring radios devices via a common radio 
control channel by which each wireless device reveal its usage of the spectrum. It is interesting 
to notice that the radio spectrum is currently characterized by a lack of mutual awareness of 
users competing for the same spectrum. Techniques, such as listen before talk, that were used 
by the previous generations to share the same medium cannot solve the coexistence problem 
between different systems anymore because of the increase in the complex service requirement 
and the increase use of the ISM band. Also this mechanism results in low overall spectrum 
efficiency.  
The interferences problems and a fair allocation of frequency, time and power between 
different systems competing for the same resources have led different research groups to look 
for new mechanisms to provide a foundation for efficient radio resource sharing. One 
straightforward approach is based on dual-radio transceivers. One radio standard is selected to 
provide inter-standard communication between devices sharing the same spectrum. For 
example in [ 5], an additional WLAN transceiver is placed in each radio device which operates 
in the 2.4 GHz band. This approach leads to an additional increase of the dual-radio cost.  
The collaborative mechanism presented in this paper avoids the use of dual-radio transceivers. 
Instead, the SBCH uses a common characteristic between the different standards to generate a 
shared control channel. The aim is to implement the SBCH in software or firmware solutions. 
This will result in a low-cost realization. The emphasis in this paper will be on Bluetooth and 
ZigBee. But the concept can also be extended to other systems transmitting in the ISM band 
such as WLAN. Future work will include the coordination between all systems transmitting in 
the ISM band. 
In the next sections, we will discuss the details of the shared control channel. In section 2, we 
introduce the basic concept of the SBCH. In section 3, we present some preliminary simulation 
results as a proof of the concept.  
 

2. SBCH basic concept 
The new collaborative mechanism is based on a Shared Broadcast Control Channel (SBCH). It 
is used by different radio transceivers transmitting in the ISM band. Each wireless device 
transmit a packet announcing its radio parameters such as the carrier frequency, bandwidth, 
time duration, duty cycle, as well as optional parameters such as power level and service type 
priority. SBCH permits to include much more parameters if it is needed. Each active device in 
the ISM band can contribute to the control signal. Figure 1 shows a packet format of the SBCH 
message. In this example two devices, A and B, contribute to the SBCH message. Each 
segment in the packet can include a header and a body. The header contains information to 
synchronize the receiver and to indicate the start of the body. The body contains the 
information regarding the use of the spectrum. 
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TX_A 
Header Radio parameters 

TX_B
Header Radio parameters 

  
Figure 1. Packet format of a single message on the SBCH 

  
The SBCH is a narrowband channel which can be placed anywhere in 2.4 GHz band. Before a 
unit starts to send an SBCH message, it scans the ISM band to check if an SBCH already exists. 
If it exists, it will use the same SBCH carrier and insert its message when there are no other 
broadcast transmissions. If there is no SBCH message, it will search for an appropriate 
frequency and establish a new SBCH. When different devices need to use the spectrum, the 
SBCH method requires all users to periodically broadcast the spectrum usage information. This 
means that only units that are transmitting or willing to transmit have to announce their 
spectrum usage information using the SBCH. Other units that have no data to transmit remain 
silent and listen to the SBCH information or go to sleep to save power. Observation of the 
SBCH permits the new devices willing to use the ISM band to get a map of the spectrum 
activity and select the available radio resources. This can lead to a quicker and interference-free 
access to the medium. The periodicity of the SBCH message can range from a few milliseconds 
to few seconds. For saving power reason, a longer periodicity is desirable.    
In a time division multiplexing fashion, the active transmitters send a packet revealing their 
presence. The packet format has the characteristic that it can be generated and received by 
conventional transceivers that are active in the ISM band. The signaling format should be 
narrowband to allow both narrowband and wideband receivers to decode the message. The 
signaling format should apply phase modulation only because some of the conventional 
transceivers like Bluetooth use (hard-)limiting receivers that strip off any amplitude 
information. The phase modulation proposed is a continuous phase modulation (CPM) scheme 
that can be generated and decoded by each system. In CPM the information is carried solely in 
the phase and it changes smoothly. A special form of CPM is Continuous Phase Frequency 
Shift Keying (CPFSK). For CPFSK, the phase variation per symbol is given by:  

kk bh..πφ =Δ  
where h is the modulation index and bk is the information bit (1 or -1).  
 

3. Analysis and Proof of the concept  
In this section, we present some preliminary simulation results for SBCH. The simulations 
carried out in Matlab are aimed to proof that a direct interaction between two transceivers using 
different radio standards  is possible. As an example, a common signaling format supporting 
Bluetooth and ZigBee is presented. We require a Bluetooth radio to directly communicate with 
a ZigBee radio as is shown in Figure 2.  
Bluetooth radio used the 2-level GFSK modulation. Here the frequency of the carrier is shifted 
to carry the modulation. A binary one is represented by a positive frequency deviation and a 
binary zero is represented by a negative frequency deviation. The modulation index is between 
0.28 and 0.35. A typical value of 0.3 is used in our simulations. The symbol rate is 1 
Msymbol/second resulting in a symbol duration of 1 μs. Moreover, spectral shaping is applied 
with a Gaussian filter with a BT product of 0.5. 
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Figure 2. Direct communications between Bluetooth and ZigBee radios 
 
 
ZigBee applies Direct-Sequence spreading with a spreading factor of 8 and it uses the offset-
QPSK modulation with a chip rate of 2 Mchips/s. The sinusoidal pulse shaping results in an 
MSK modulation scheme. This can be considered as a modulation with symbol duration of 0.5 
μs and a nominal modulation index h of 0.5. For the common signaling, a CPFSK modulation 
is used with a modulation index h of 4 and a symbol timing of 40 μs. This results in a 
narrowband signal with a data rate of 25 kb/s which is sufficient for broadcasting control 
information.  
A suitable representation of the common signaling format is in the phase domain. In Figure 3a, 
a phase trajectory is shown of a bit sequence of {1 1 0 1}. Every 40 μs, the phase changes by 
±4π. In Figure 3b, the power spectral density (PSD) as a function of the normalized frequency 
is shown. A narrowband signal results. The Bluetooth symbols provide a phase change of ±0.3π 
every 1 μs. In Figure 4a, it is shown how the Bluetooth transmitter can approximate the low 
rate signal of Figure 3a. The PSD of the SBCH signal generated by Bluetooth is shown in 
Figure 4b. The narrowband SBCH signal is clearly recognizable. The ZigBee chip symbols 
provide a phase change of ±0.5π every 0.5 μs. In Figure 5a, it is shown how the ZigBee 
transmitter can approximate the low rate signal of Figure 3a. Figure 5c shows the 
corresponding PSD. Also in this figure, the narrowband SBCH signal is clearly recognizable. It 
will be understood from this example that with a proper bit or chip sequence into the Bluetooth 
or ZigBee transmitter, respectively, an approximation of the SBC signal can be generated. That 
is, using conventional radios, this SBCH can be generated.  
The approximation of the common signaling format can simply be obtained by applying delta-
modulation techniques. In order to avoid slope-overload effects, the ratio h/Tb (which is the 
instantaneaous frequency) of the common signaling format needs to be smaller than this ratio 
found in any of the wireless standards. Table 1 shows the radio parameters of Bluetooth, 
Zigbee and the SBCH signal. It shows also the h/Tb ratio of the different signals. 
 

Table 1. Radio parameters of Bluetooth, Zigbee and the SBCH message 
 Modulation index (h) Symbol time (Ts) h/Ts
Bluetooth 0.3 1 μs 0.3 106

ZigBee 0.5 0.5 μs 106

SBC signal 4 40 μs 105

 
In a similar way, the SBCH signal can be demodulated by the Bluetooth and ZigBee receivers. 
Since the information in the CPM signal is only in the phase, hard-limiting receivers will not 
affect the information. By analyzing the phase change over a time interval of 40 μs, the 
information bits in the SBCH message can be retrieved. In Figures 3-5b, the common signal 
and the approximated signals by Bluetooth and ZigBee are shown in the frequency domain. 
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Spurious components are created by Bluetooth and ZigBee. However, these can easily be 
filtered out by the receivers as they contain little information. 
Any radio transmitter that applies phase (or frequency) modulation can approximate the SBCH 
signaling. The only condition is that it instantaneous frequency represented by the h/Ts ratio is 
greater than the instantaneous frequency of the SBCH signal. 
 

4. Conclusion 
In this paper, we describe a new collaborative mechanism to coordinate radio devices in the 2.4 
GHz band. The proposed Shared Broadcast Channel provides a simple way for radio devices 
with different technologies to announce their own parameters in using a common control 
channel. The proposed solution uses the conventional transceivers and can be implemented in 
software or firmware. The SBCH message is periodically broadcast during the data session of 
the users so that resources such as frequency, power and time can be allocated in a fair and 
spectrally efficient manner. For the SBCH modulation, Continuous Phase Modulation is used at 
a low symbol rate. Simulation results show that this narrowband CPM signal can be generated 
with conventional transmitters (i.e. Bluetooth and ZigBee transmitters) and can be detected 
with conventional receivers (i.e. Bluetooth and ZigBee receivers). By applying SBCH 
mechanism a significant reduction in interferences between different systems competing for the 
same medium can be obtained. This will result in an efficient spectrum allocation that can offer 
QoS. This work is still in its first stage. The proposed mechanism should be extended to include 
other systems using the ISM band such as WLAN. The SBCH mechanism should be also tested 
in a realistic scenario. Regulatory aspects have to be considered as well. A form of spreading 
(like frequency hopping or direct-sequence spreading) maybe required for type approval 
reasons. 
 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

x 10-4

0

5

10

15

20

25

30

t(s)

ph
as

e 
(ra

d)

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
-10

0

10

20

30

40

50

60

70

80

90

f(Hz)

P
S

D

 
Figure 3. Phase trajectory (a) and PSD (b) of ideal SBCH signal. 
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Figure 4. Phase trajectory (a) and PSD (b) of ideal SBCH signal generated by Bluetooth 
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Figure 5. Phase trajectory (a) and PSD (b) of ideal SBCH signal generated by ZigBee 
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