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(57) ABSTRACT 

Methods and systems for controlling a plurality of personal 
area network access devices are disclosed herein. Aspects of 
the method may comprise determining current roles for 
communicating complex Bluetooth® devices. In response to 
receiving a neW connection, it may be determined Whether 
to sWitch from at least one of the determined current roles 
based on stored role sWitching information. If a role sWitch 
is alloWed, at least one neW role may be sWitched based on 
the stored role sWitching information. Each of the deter 
mined current roles and the neW role comprise a master only 
role, a slave only role, and/or “any” role, Where the “any” 
role may comprise a master or slave role. If the “any” role 
is alloWed, at least one of the master role and/or the slave 
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METHOD AND SYSTEM FOR ROLE 
MANAGEMENT FOR COMPLEX 
BLUETOOTH[00ab] DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

[0001] This application makes reference to, claims priority 
to, and claims the bene?t of US. Provisional Application 
Ser. No. 60/613,180, Attorney Docket No. 16063US01, ?led 
Sep. 23, 2004 and entitled “Method And System For Role 
Management Mechanism For Complex Bluetooth® 
Devices.” 

FIELD OF THE INVENTION 

[0002] Certain embodiments of the invention relate to 
Wireless communication. More speci?cally, certain embodi 
ments of the invention relate to a method and system for role 
management for complex Bluetooth® devices. 

BACKGROUND OF THE INVENTION 

[0003] Bluetooth® Wireless technology is set to revolu 
tioniZe personal connectivity by providing freedom from 
Wired connections. Bluetooth® is a speci?cation for a small 
form-factor, loW-cost radio solution providing links betWeen 
mobile computers, mobile phones and other portable and 
handheld devices. 

[0004] Bluetooth® Wireless technology is an international, 
open standard for alloWing intelligent devices to communi 
cate With each other through Wireless, short-range commu 
nications. This technology alloWs any sort of Bluetooth® 
compliant deviceifrom computers and cell phones to key 
boards and headphonesito make its oWn connections, 
Without Wires, cables or any direct action from a user. 
Bluetooth® is currently incorporated into numerous com 
mercial products including laptops, PDAs, cell phones, and 
printers, With more products coming out every day. 

[0005] TWo or more complex Bluetooth® devices may be 
connected in a netWork, Where each device may be charac 
teriZed by a role, such as a master role and/or a slave role, 
for example. During operation of the connected complex 
Bluetooth® devices, one or more of the roles may be 
sWitched. For example, one or more roles may be sWitched 
upon connection of an additional complex Bluetooth® 
device to the existing netWork of connected Bluetooth® 
devices. Role sWitching Within a conventional netWork of 
Bluetooth® devices is often times not supported and/or 
managed during operation of the Bluetooth® devices. This 
may cause rejection of a neW Bluetooth® connection 
requests and/or dropping of existing Bluetooth® connec 
tions due to unsupported role pro?les and/or unauthorized 
role sWitching requests Within the conventional netWork of 
Bluetooth® devices. 

[0006] Further limitations and disadvantages of conven 
tional and traditional approaches Will become apparent to 
one of skill in the art, through comparison of such systems 
With some aspects of the present invention as set forth in the 
remainder of the present application With reference to the 
draWings. 

BRIEF SUMMARY OF THE INVENTION 

[0007] Certain embodiments of the invention may be 
found in a method and system for controlling a plurality of 
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personal area netWork access devices. Aspects of the method 
may comprise determining current roles for communicating 
complex Bluetooth® devices. In response to receiving a neW 
connection, it may be determined Whether to sWitch from at 
least one of the determined current roles based on stored role 
sWitching information. If a role sWitch is alloWed, at least 
one neW role may be sWitched based on the stored role 
sWitching information. Each of the determined current roles 
and the neW role comprise a master only role, a slave only 
role, and/or “any” role, Where the “any” role may comprise 
a master or slave role. 

[0008] If the “any” role is alloWed, at least one of the 
master role and/or the slave role may be sWitched. If the 
“any” role is alloWed, the determined current roles may be 
preserved for at least one of the communicating complex 
Bluetooth® devices. The stored role sWitching information 
may be stored in a lookup table and the lookup table may 
comprise at least one role corresponding to the received neW 
connection. The lookup table may comprise applications 
and/or at least one role corresponding to each of the appli 
cations. The lookup table may also comprise at least one 
pro?le associated With each of the applications. It may be 
determined Whether a role required by the received neW 
connection con?icts With at least one role associated With 
one or more of the communicating complex Bluetooth® 
devices required for the received neW connection. 

[0009] If the role required by the received neW connection 
con?icts With the at least one role associated With one or 
more of the communicating complex Bluetooth® devices 
required for the received neW connection, at least one neW 
role may be sWitched based on the stored role sWitching 
information. It may be determined Whether the received neW 
connection comprises a scattemet connection. If the 
received neW connection comprises a scattemet connection, 
at least one neW role may be sWitched based on the stored 
role sWitching information. 

[0010] Another embodiment of the invention may provide 
a machine-readable storage, having stored thereon, a com 
puter program having at least one code section executable by 
a machine, thereby causing the machine to perform the steps 
as described above for controlling a plurality of personal 
area netWork access devices. 

[0011] Aspects of the system for controlling a plurality of 
personal area netWork access devices may comprise at least 
one processor that determines current roles for communi 
cating complex Bluetooth® devices. In response to receiv 
ing a neW connection, the processor may determine Whether 
to sWitch from at least one of the determined current roles 
based on stored role sWitching information. If a role sWitch 
is alloWed, the at least one neW role may be sWitched by the 
processor based on the stored role sWitching information. 
Each of the determined current roles and the at least one neW 
role may comprise a master only role, a slave only role, 
and/or “any” role, Where the “any” role may comprise a 
master or slave role. If the “any” role is alloWed, the master 
role and/or the slave role may be sWitched by the processor. 

[0012] If the “any” role is alloWed, the determined current 
roles for at least one of the communicating complex Blue 
tooth® devices may be preserved by the processor. The 
stored role sWitching information may be stored in a lookup 
table, Where the lookup table may comprise at least one role 
corresponding to the received neW connection. The lookup 
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table may comprise one or more applications, at least one 
role corresponding to each of the applications, and at least 
one pro?le associated With each of the applications. The 
processor may determine Whether a role required by the 
received neW connection con?icts With a role associated 
With one or more of the communicating complex Blue 
tooth® devices required for the received neW connection. 

[0013] If the role required by the received neW connection 
con?icts With the role associated With one or more of the 
communicating complex Bluetooth® devices, a neW role 
based on the stored role switching information may be 
sWitched by the processor. The processor may determine 
Whether the received neW connection comprises a scatternet 
connection. If the received neW connection comprises a 
scatternet connection, a neW role based on the stored role 
sWitching information may be sWitched by the processor. 

[0014] These and other advantages, aspects and novel 
features of the present invention, as Well as details of an 
illustrated embodiment thereof, Will be more fully under 
stood from the folloWing description and draWings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0015] FIG. 1 is a diagram illustrating some examples of 
Bluetooth® (BT) streaming audio devices. 

[0016] FIG. 2 is a simpli?ed exemplary protocol stack. 

[0017] FIG. 3 is a block diagram illustrating an exemplary 
Bluetooth® hardWare implementation. 

[0018] FIG. 4 is a block diagram illustrating a Bluetooth® 
protocol stack for streaming audio. 

[0019] FIG. 5 is a block diagram illustrating AVDTP 
protocol features. 

[0020] FIG. 6 is illustrated an exemplary hardWare imple 
mentation for streaming audio playback. 

[0021] FIG. 7 is a block diagram of an exemplary table 
that may be utiliZed for role management, in accordance 
With an embodiment of the invention. 

[0022] FIG. 8a is a block diagram illustrating an exem 
plary role sWitching scenario in Which a ?rst device accepts 
a connection from a second device, in accordance With an 
embodiment of the invention. 

[0023] FIG. 8b is a block diagram illustrating the roles of 
the devices in FIG. 811 after the exemplary role sWitching 
scenario in completed, in accordance With an embodiment of 
the invention. 

[0024] FIG. 9 is a How diagram of an exemplary method 
for controlling a plurality of personal area netWork access 
devices, in accordance With an embodiment of the invention. 

[0025] FIG. 10 is a How diagram of an exemplary method 
for role sWitching in a Bluetooth® device supporting mul 
tiple pro?le services, in accordance With an embodiment of 
the invention. 

[0026] FIG. 11 is a How diagram of an exemplary method 
for role sWitching in a Bluetooth® device supporting simul 
taneous pro?le services With different role preferences, in 
accordance With an embodiment of the invention. 
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[0027] FIG. 12 is a How diagram of an exemplary method 
for role sWitching in a Bluetooth® device supporting full or 
partial scatternet, in accordance With an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The Bluetooth® community has recently devel 
oped speci?cations that de?ne hoW to use streaming audio 
over a Bluetooth® link. This opens up the technology to a 
Whole neW class of audio devices, such as Wireless stereo 
headsets, Wireless speakers, and Wireless portable MP3 
players just to name a feW. With the introduction of neW 
Bluetooth® speci?cations for streaming audio, neW Blue 
tooth® products such as Wireless stereo headsets and Wire 
less ?le streaming applications are becoming a reality. The 
Bluetooth® streaming audio system is de?ned by three 
Bluetooth® speci?cations plus a number of ISO/IEC audio 
standards and RFC Internet standards. 

[0029] FIG. 1 is a diagram illustrating some examples of 
Bluetooth® (BT) streaming audio devices. Referring to 
FIG. 1, there is shoWn a stereo headset 104, a mobile phone 
106, a Bluetooth®-enabled stereo system 108, personal 
computers (PC) 110 and 102, and stereo speakers 102a and 
10219. The stereo headset 104 may receive streaming audio 
from MP3 ?les stored on the mobile phone 106. The headset 
104 may also function as a normal Bluetooth® telephony 
headset for phone calls. The Bluetooth®-enabled stereo 
system 108 may receive streaming audio from MP3 ?les 
stored on the PC 110, solving the problem of hoW to get the 
MP3’s from the PC 110 to the stereo system 108. The PC 
102 may play stereo audio to the pair of Bluetooth® Wireless 
speakers 102a and 102b, thus freeing the desktop from Wired 
clutter. 

[0030] Bluetooth® is a frequency hopping spread spec 
trum (FHSS) radio system operating in the 2.4 GHZ unli 
censed band. Its loW poWer transmissions alloW a typical 
range of about 10 meters. Devices may connect to each other 
to form a netWork knoWn as a piconet, With up to seven 
active devices in the piconet. The maximum data throughput 
betWeen devices is approximately 723 kilobits per second 
(kbps), With the data capacity shared betWeen devices on the 
piconet. 
[0031] Bluetooth® has a protocol stack to transfer data 
and implement the advanced features required by applica 
tions. The protocol stack may comprise several different 
protocols designed for different purposes. Various pro?les, 
or applications, may reside above the protocol stack. Blue 
tooth® may also comprise a loWer protocol stack for link 
management and baseband control. 

[0032] FIG. 2 is a simpli?ed exemplary protocol stack. 
Referring to FIG. 2, there is illustrated an exemplary 
Bluetooth® protocol stack 201. The exemplary Bluetooth® 
protocol stack 201 may comprise pro?les protocol 202, 
Bluetooth® management entity (BTM) protocol 204, radio 
frequency communication (RFCOMM) protocol 206, ser 
vice discovery protocol (SDP) 208, logical link control and 
adaptation protocol (L2CAP) 210, host controller interface 
(HCl) 212, and a loWer stack 214. The pro?les protocol 202 
may comprise pro?les of one or more applications that may 
be utiliZed in connection With the Bluetooth® protocol 
stack. The BTM protocol 204 makes it possible for various 
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equipment to have Wireless communication by integrating 
With a Bluetooth® module. The RFCOMM protocol 206 
may be utilized to provide emulation of RS-232 serial ports 
over the L2CAP protocol. The RFCOMM protocol 206 may 
be utilized to emulate RS-232 control and data signals over 
the baseband, providing both transport capabilities for upper 
level services, such as OBEX, that use serial line as the 
transport mechanism. 

[0033] The SDP 208 may be utiliZed for querying Blue 
tooth® device information, Bluetooth® device services, and 
characteristics of the services. The L2CAP 210 may be 
utiliZed to support higher level protocol multiplexing, packet 
segmentation and reassembly, and quality of service (QoS). 
L2CAP 210 may permit higher-level protocols and applica 
tions to transmit and receive data packets up to 64 kilobytes 
in length. The HCl 212 may be adapted to provide a 
command interface to the baseband controller, link manager, 
and access to hardWare status and control registers. 

[0034] Bluetooth® hardWare implementations are typi 
cally highly integrated systems consisting of one or tWo 
chips. FIG. 3 is a block diagram illustrating an exemplary 
Bluetooth® hardWare implementation. Referring to FIG. 3, 
the Bluetooth® hardWare implementation may comprise a 
Bluetooth® baseband integrated circuit (IC) 305 and a radio 
IC 301. The radio IC 301 may comprise a Bluetooth® radio 
circuit 303. The baseband IC 305 may comprise Bluetooth® 
baseband circuit 307, ARM7 processor 309, random access 
memory (RAM) 311, read only memory (ROM) 313, voice 
codec 321, a serial peripheral interface (SPI) 319, universal 
serial bus (USB) 317, and universal asynchronous receiver/ 
transmitter (UART) 315. The radio IC 301 may be imple 
mented in a separate chip. The ARM7 processor 309 may be 
adapted to operate all the required softWare including loWer 
stack, upper stack, and embedded pro?le, for example. This 
type of single CPU implementation alloWs for a small, loW 
poWer, and loW cost solution. 

[0035] The 723 kbps throughput of a Bluetooth® link may 
be suitable for streaming audio utiliZing MP3 and/or other 
codec formats. Bluetooth® streaming audio may be de?ned 
by three Bluetooth® speci?cations covering the protocol 
and pro?les: AVDTP, GAVDP, and A2DP. The Audio/Video 
Distribution Transport Protocol (AVDTP) is the protocol 
designed especially for Bluetooth® streaming audio and 
video. It may perform the signaling to con?gure, open, 
and/ or close a stream betWeen tWo devices. A/V stream data 

may be transferred utiliZing real-time protocol (RTP) pack 
ets. AVDTP sits in the protocol stack above L2CAP and may 
utiliZe separate L2CAP channels for signaling and data. The 
Generic Audio/Video Distribution Pro?le (GAVDP) is an 
abstract pro?le that de?nes hoW applications can use 
AVDTP. The Advanced Audio Distribution Pro?le (A2DP) 
de?nes hoW Bluetooth® streaming audio applications Work. 
It de?nes hoW to get and set audio codec parameters for 
MPEG and/or other codecs. The A2DP may also de?ne the 
media payload formats for packaging audio stream data into 
packets and may contain the speci?cation for a neW audio 
codec called SBC. 
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[0036] FIG. 4 is a block diagram illustrating a Bluetooth® 
protocol stack for streaming audio. Referring to FIG. 4, the 
Bluetooth® protocol stack for streaming audio 401 may 
comprise A2DP 402, Bluetooth® management entity (BTM) 
protocol 404, GAVDP/AVDTP 406, service discovery pro 
tocol (SDP) 408, logical link control and adaptation protocol 
(L2CAP) 410, host controller interface (HCl) 412, and a 
loWer stack 414. In addition to the Bluetooth® speci?cations 
illustrated on FIG. 4, there are several ISO/IEC and lntemet 

RFC speci?cations used for Bluetooth® streaming audio, 
Which are summariZed in Table 1. 

TABLE 1 

Additional speci?cations used for Bluetooth ® streaming audio 

Speci?cation Description 

ISO/IEC 11172 part 3 MPEG audio 
ISO/IEC 13818 part 3 MPEG audio 

MPEG advanced audio 
MPEG advanced audio 

ISO/IEC 13818 part 7 
ISO/IEC 14496 part 3 
RFC 1889 Real-time protocol (RTP) 
RFC 2733 RTP error correction 
RFC 3095 Packet header compression 
RFC 2250 RTP payload format 
RFC 3016 RTP payload format 
RFC 3119 RTP payload format 

[0037] The bulk of the Bluetooth® streaming AN system 
may be implemented in the AVDTP protocol. FIG. 5 is a 
block diagram illustrating AVDTP protocol features. Refer 
ring to FIG. 5, the AVDTP protocol may comprise a portion 
of the Bluetooth® protocol stack 501 and may be divided 
into four subsystems: signaling 502, stream management 
504, recovery 506, and adaptation layer 508. AVDTP sig 
naling messages 502 are used to discover, con?gure, open, 
and close a stream betWeen tWo devices. There are eleven 

message types With some messages being optional. 

[0038] A media transport feature of the stream manager 
504 may be utiliZed to transfer RTP packets containing audio 
data. This feature is a required feature of AVDTP. The 
reporting feature of the stream manager 504 may alloW link 
quality information, such as jitter and packet loss, to be 
exchanged utiliZing the protocols de?ned in RFC 1889. This 
is an optional feature. The recovery feature 506 adds extra 
packets containing error correction data to the packet trans 
fer. This feature may alloW for lost packets to be recovered. 
The recovery mechanism is de?ned by RFC 2733. This is an 
optional feature and may require additional ROM and/or 
RAM. 

[0039] A header compression feature of the adaptation 
layer 508 alloWs the RTP header to be compressed, as 
de?ned by RFC 3095. When used With AVDTP, the RTP 
header may be reduced by 5 to 7 bytes. This savings may 
probably not be Worth the effort of implementing the feature 
especially When large media packets are used. A multiplex 
ing feature of the AVDTP adaptation layer 508 alloWs 
L2CAP channels to be shared by media, reporting, and/or 
recovery packets, therefore resulting in feWer L2CAP chan 
nels and better baseband channel capacity utiliZation. This 
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complex feature may be useful for devices Which use 
multiple simultaneous streams With reporting and recovery. 

[0040] A device implementing Bluetooth® streaming 
audio may need to consider several issues, Which are not 
fully covered by the Bluetooth® speci?cations. Such issues 
may be related to implementation of optional features, 
multiple streams support, and/or data How and synchroni 
zation issues, for example. One or more of these issues may 
be beyond the scope of the Bluetooth® speci?cation. 

[0041] FIG. 6 illustrates an exemplary hardWare imple 
mentation for streaming audio playback. Referring to FIG. 
6, the Bluetooth® hardWare implementation for streaming 
audio playback may comprise a Bluetooth® baseband inte 
grated circuit (IC) 605, a radio 1C 601, and an audio 1C 623. 
The radio 1C 601 may comprise a Bluetooth® radio circuit 
603. The audio 1C 623 may comprise an MP3 decoder 625 
and a stereo codec circuit 627. The baseband 1C 605 may 

comprise Bluetooth® baseband circuit 607, ARM7 proces 
sor 609, random access memory (RAM) 611, read only 
memory (ROM) 613, voice codec 621, a serial peripheral 
interface (SP1) 619, universal serial bus (USB) 617, and 
universal asynchronous receiver/transmitter (UART) 615. 
The radio 1C 601 and the audio 1C 623 may be implemented 
in separate chips. The ARM7 processor 609 may be adapted 
to operate all the required softWare including loWer stack, 
upper stack, and embedded pro?le, for example. Data 
received over the Bluetooth® link may be processed by the 
protocol stack and passed to an application. The application 
may acquire the audio stream data and may communicate it 
over a hardWare interface to the audio 1C 623. The audio 1C 

623 may decode the digital audio and may convert the audio 
signal to analog signal. 

[0042] Implementing AVDTP With the minimum required 
features may require multiple streams support. For the 
simple streaming audio device examples shoWn in FIG. 1, 
optional features such as recovery, reporting, header com 
pression, and multiplexing may not be required as Blue 
tooth® devices may be adapted to perform adequately 
Without such features. 

[0043] Maintaining a data transfer With a constant bit rate 
on a Bluetooth® link may be dif?cult to achieve. If data is 
sent too sloWly, the audio decoder may run out of stream 

data to process, causing an audible error. Lost data packets 
may also cause the same problem. On the other hand, if data 
is sent too quickly, then data may be bu?fered up at the audio 
decoder, eventually causing congestion or data loss When the 
device runs out of buffer space. Since there is no How control 

mechanism built into AVDTP or L2CAP, other mechanisms 
may be utilized to prevent data loss. The mechanism used by 
the audio source, or device sending the stream, may depend 
on the type of source. If the source is “live” and audio stream 

data is provided by an audio encoder, then the encoder itself 
may provide the constant bit rate. If the source is from a ?le, 
then a timer may be utilized to maintain a constant bit rate. 

[0044] To understand the idea behind using a timer, con 
sider this example. A device is sending an MP3 stream from 
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a ?le encoded at 128 kbps and 48 kHz sample frequency. 
Referring to Table 2a, this means an MP3 audio frame 384 
bytes long is sent every 24.0 ms. If the device simply sets a 
periodic timer for 24.0 ms and sends a packet When the timer 
expires, the constant bit rate Will be maintained. 

TABLE 2a 

Audio frame sizes for SBC and MP3. Audio Frame 
Size vs. Data Rate and Sample Frequency 

SBC MP3 

64 128 320 64 128 320 
kbps kbps kbps kbps kbps kbps 

48 kHz 20 42 108 192 384 960 
44.1 kHz 22 46 118 209 418 1045 
32 kHz 32 64 162 228 576 1440 

[0045] 

TABLE 2b 

Audio frame periods for SBC and MP3. 
Audio Frame Period vs. Sample Frequency 

SBC MP3 

48 kHz 2.667 ms 24.0 ms 

441 kHz 2.902 ms 26.122 ms 

32 kHz 4.0 ms 36.0 ms 

[0046] SEC frames may be small With a short period, as 
illustrated in Table 2b With regard to several typical values 
for SBC and MP3 audio frame periods. Some devices may 
have problems using timers or processing data at such short 
intervals. This suggests that rather than send a small packet 
containing a single frame at very short intervals, a larger 
packet containing several frames at longer intervals may be 
communicated instead. The maximum size of MP3 frames 
may correspond to the L2CAP MTU of the AVDTP transport 
channel, such that audio frames may not need to be frag 
mented across AVDTP packets. 

[0047] Consider an example, in Which a packet is sent 
every 24 ms. Consider What happens if the timer isn’t so 
accurate and the packet actually gets sent at 20 ms or 29 ms. 
If a packet arrives late, the audio decoder may run out of 
data. Therefore, even a slight inaccuracy may cause mal 
function if every packet is expected to be sent on time. A 
better approach Would be to provide some slack in the data 
How. Assuming the device receiving the stream is adapted to 
buffer up at least a feW packets, a number of packets may be 
communicated as fast as possible When streaming starts. 
This helps With timer inaccuracy and data delayed by lost 
packets as Well. The amount of packets that may be bu?fered 
may depend on the speci?c implementation of the device 
receiving the stream. The device receiving the stream may 
also improve the data How. Regardless of hoW fast or sloW 
the peer is sending the stream, the device receiving the 
stream can smooth out the How by delaying playback until 
a number of packets have been received. This helps With 
timer inaccuracy and data delayed by lost packets. 

[0048] When more than one stream is transferred betWeen 
devices, the stream playback may be synchronized. Consider 
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the example of the Wireless PC speakers shown in FIG. 1. 
The PC may communicate a Bluetooth® audio stream to 
each speaker. There are actually tWo synchronization prob 
lems in this example. First, the audio playback of the tWo 
speakers may need to be synchronized With each other. 
Second, the audio playback may need to be synchronized 
With the display on the PC. Although the Bluetooth® 
speci?cations do not cover synchronization issues, there are 
some features of the system that may be utilized to address 
these synchronization problems. 

[0049] Every Bluetooth® device has a free-running sys 
tem clock, Which determines the timing of the frequency 
hopping transceiver. In a piconet, the slave devices are 
synchronized to the master’s system clock. The speakers 
may both be synchronized to the Bluetooth® clock timing of 
the PC. Depending on the implementation of the Bluetooth® 
chip, it may be possible for an application to derive a timer 
based on the PC clock. The PC clock may be utilized in 
conjunction With the RTP presentation timestamp in the 
packet to synchronize the playback. Therefore, it may be 
possible to utilize the piconet timing as a synchronization 
source betWeen the tWo speakers. The second part of the 
synchronization problem boils doWn to hoW much delay is 
present from When the PC sends the audio stream to When 
the speakers play it back. Studies shoW that a delay larger 
than 80 ms may be noticeable in situations like this. As 
discussed earlier, hoWever, it may be desirable for the device 
receiving a stream to buffer up a feW audio frames before 
playback to help maintain a constant data rate on the link. 
This 80 ms limit may be an upper bound of hoW many 
frames to buffer. For example, an MP3 stream sampled at 
44.1 kHz has a frame period of 26.122 ms. Therefore, no 
more than three frames may be buffered to keep delay under 
the timing corresponding to the limit. 

[0050] Certain embodiments of the invention may be 
found in a method and system for role management mecha 
nism for complex Bluetooth® devices. Aspects of the 
method may comprise determining current roles for com 
municating complex Bluetooth® devices. In response to 
receiving a neW connection, it may be determined Whether 
to sWitch from at least one of the determined current roles 
based on stored role sWitching information. If a role sWitch 
is alloWed, at least one neW role may be sWitched based on 
the stored role sWitching information. Each of the deter 
mined current roles and the neW role comprise a master only 
role, a slave only role, and/or “any” role, Where the “any” 
role may comprise a master or slave role. 

[0051] Bluetooth® Wireless technology alloWs multiple 
simultaneous connections betWeen devices. For example a 
PC may be connected to a Bluetooth® printer and a Blue 
tooth® mouse. A mobile phone may be connected to a 
Bluetooth® headset and a PC. This sort of complex Blue 
tooth® device may bene?t from a role management mecha 
nism that facilitates simultaneous connections. In Blue 
tooth®, tWo or more devices form a netWork called a 
piconet. With regard to the piconet, there may be one piconet 
master and up to seven piconet slaves, Where a device’s 
“role” is either master or slave. By default, a device that 
initiates a connection may be termed a master device and a 
device that accepts a connection may be termed a slave 
device. In addition, a device may be operating in more than 
one piconet simultaneously. For example a device may be 
operating as a master in a ?rst piconet and as a slave in a 
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second piconet, or as a slave in the ?rst and the second 
piconets. This situation may be referred to as scatternet. 
Some Bluetooth® chips may be adapted to have better 
scatternet support than others. In this regard, some Blue 
tooth® chips may be adapted to support slave and master 
operating modes, slave and slave operating modes, While 
some do not provide any support for scatternet. 

[0052] Bluetooth® Wireless technology may also alloW a 
device to sWitch its role in a piconet and role sWitching may 
be adapted to occur at any time. Role sWitching is often 
necessary and may even be required in certain circum 
stances. For example, a Bluetooth® netWork access point 
may require all peer devices to be slaves and initiate a role 
sWitch Whenever a connection is attempted. Managing 
device roles and role sWitching is important because if an 
unsupported scatternet scenario arises, then the Bluetooth® 
link may be dropped. 

[0053] One embodiment of the invention alloWs role 
sWitching to be con?gured for all connections or selectively 
con?gured for certain connections. It also alloWs role 
sWitching to take place intelligently When there are simul 
taneous connections With different role sWitching require 
ments. The invention may utilize a table that comprises the 
role sWitch information or role sWitch requirements. In 
accordance With an embodiment of the invention, there may 
be one entry per device and there may be additional entries 
for each application With role sWitch requirements. This 
table may be utilized by a logic function that determines 
Whether or not to perform a role sWitch. The logic function 
may be executed When a connection to a Bluetooth® device 
is established or When an existing connection to a Blue 
tooth® device is closed. The logic function may also be 
executed When a Bluetooth® application-level connection is 
established or closed. 

[0054] FIG. 7 is a block diagram of an exemplary table 
that may be utilized for role management, in accordance 
With an embodiment of the invention. Referring to FIG. 7, 
there is shoWn an exemplary role management table that 
comprises a plurality of indicated roles that may be utilized 
by a plurality of applications as speci?ed in a plurality of 
pro?les. The ?rst column of the table of FIG. 7 comprise a 
plurality of pro?les, each of Which may be identi?ed by a 
pro?le identi?er, namely pro?le_x, pro?le _y and pro?le_z. 
The second column of the table of FIG. 7 comprises a 
plurality of applications, each of Which may be identi?ed by 
an application identi?er, namely 1, 2, 3, and 4. The desired 
role that may be utilized by a particular application is 
indicated in the third column, and may include a master role, 
a slave role, or “any” role. “Any” role may refer to an 
application that me selectively function in a master role or 
a slave role. 

[0055] In the exemplary table of FIG. 7, the application 
identi?ed by application identi?er 1 as speci?ed in pro?le_x 
may be adapted to function With a desired role of master. The 
application identi?ed by application identi?er 2 as speci?ed 
in pro?le_y may be adapted to function With a desired role 
of master, and the application identi?ed by application 
identi?er 3 as speci?ed in pro?le _y may be adapted to 
function utilizing a desired role of master or slave (Any). 
Additionally, the application identi?ed by application iden 
ti?er 4 as speci?ed in pro?le_z may be adapted to function 
utilizing a desired role of master or slave (Any). 
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[0056] FIG. 8a is a block diagram illustrating an exem 
plary role switching scenario in Which a ?rst device accepts 
a connection from a second device, in accordance With an 
embodiment of the invention. Referring to FIG. 8a, there is 
shoWn a ?rst piconet 802, a second piconet 804, a ?rst 
Bluetooth® device (A) 806, a second Bluetooth® device (B) 
808, and a third Bluetooth® device (X) 810. 

[0057] The ?rst Bluetooth® device (A) 806 is located 
Within the ?rst piconet 802 and is con?gured as a master. 
The second Bluetooth® device (B) 808 is located Within the 
second piconet 804 and is con?gured as a master. Within the 
?rst piconet 802, the ?rst Bluetooth® device (A) 806 is 
already connected via a ?rst connection (1) to the third 
Bluetooth® device Q() 810 and in this regard, the ?rst 
Bluetooth® device (A) 806 is operating as a slave While the 
third Bluetooth® device Q() 810 is operating as a master for 
this ?rst connection (1). The second Bluetooth® device (B) 
808 located Within the second piconet 804 initiates a second 
connection (2) to the third Bluetooth® device Q() 810. This 
creates a scatternet scenario. After checking the role sWitch 
ing requirement table at 801, role sWitching may be initiated 
at 803. 

[0058] FIG. 8b is a block diagram illustrating the roles of 
the devices in FIG. 811 after the exemplary role sWitching 
scenario is completed, in accordance With an embodiment of 
the invention. Referring to FIG. 8b, after initiating role 
sWitching, the third Bluetooth® device Q() 810 may be 
adapted to operate as a master for the second connection that 
exists betWeen the third Bluetooth® device 810 and the 
second Bluetooth® device (B) 808 that initiated the con 
nection. Since there may only be one master for a given 
connection, the role of the second Bluetooth® device (B) 
808 that initiated the connection changes to a slave. 

[0059] The exemplary role sWitching scenario illustrated 
in FIG. 8a and FIG. 8b may occur in the folloWing scenario. 
The third Bluetooth® device Q() 810 may be a Bluetooth® 
enabled PC, Which may already be communicating With the 
?rst Bluetooth® device (A) 806 via a ?rst connection (1). 
The ?rst Bluetooth® device (A) 806 may be a Bluetooth® 
enabled keyboard. For the ?rst connection, the third Blue 
tooth® device (X) 810 is operating as a master device and 
the ?rst Bluetooth® device (A) 806 is operating as a slave 
device. The second Bluetooth® device (B) 808, Which may 
be a Bluetooth® enabled mouse, may initiate a second 
connection to the PC, Which is the third Bluetooth® device 
(X) 810. 
[0060] The third Bluetooth® device Q() 810 may be using, 
for example, a ?rst pro?le, and the second Bluetooth® 
device (B) 808 and the ?rst Bluetooth® device (A) 806 may 
be using, for example, a second pro?le. Notwithstanding, 
since the third Bluetooth® device Q() 810 is con?gured to 
operate as a master device, the role of the ?rst Bluetooth® 
device (A) 806 is a slave. Once the second Bluetooth® 
device (B) 808 initiates the second connection (2) to the 
third Bluetooth® device Q(), a scatternet scenario occurs 
and the role table may be consulted to determine What role 
sWitching should be initiated. Accordingly, the third Blue 
tooth® device (X) 818 may initiate a role sWitch and become 
a master for the initiated connection and the role of the 
second Bluetooth® device (B) 808 may be sWitched to a 
slave. 

[0061] FIG. 9 is a How diagram 900 of an exemplary 
method for controlling a plurality of personal area netWork 
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access devices, in accordance With an embodiment of the 
invention. Referring to FIG. 9, at 901, current roles for a 
plurality of communicating Bluetooth® devices may be 
determined. At 903, a neW Bluetooth® connection may be 
received. At 905, a role sWitch pro?le for one or more 
applications running on each of the Bluetooth® devices may 
be determined. At 907, it may be determined Whether to 
sWitch from one or more of the current roles based on the 
determined role sWitch pro?les and corresponding stored 
role sWitch information. For example, role sWitch informa 
tion may be stored in a lookup table. The lookup table may 
comprise one or more pro?les associated With each of the 
applications and one or more roles corresponding to each of 
the applications. At 909, it may be determined Whether a role 
sWitch is alloWed. If a role sWitch is not alloWed, a neW 
Bluetooth® connection may be received at 903. If a role 
sWitch is alloWed, at 911, one or more neW roles may be 
sWitched based on the determined role sWitch pro?les and 
corresponding stored role sWitching information. 

[0062] FIG. 10 is a How diagram 1000 of an exemplary 
method for role sWitching in a Bluetooth® device support 
ing multiple pro?le services, in accordance With an embodi 
ment of the invention. Referring to FIG. 10, at 1001, pro?le 
service i on Bluetooth® device 1 may receive a connection 
from Bluetooth® device 2. In one aspect of the invention, 
Bluetooth® device 1 may be adapted to support i-number of 
pro?le services, or Bluetooth® connection pro?les. At 1003, 
since Bluetooth® device 2 initiates a connection With Blue 
tooth® device 1, a role of Bluetooth® device 2 may be set 
to master and a role of Bluetooth® device 1 may be set to 
slave. At 1005, it may be determined Whether the role 
preference for pro?le service i is set to “any.” If the role 
preference for pro?le service i is not set to “any,” at 1007, 
it may be determined Whether the role preference for pro?le 
service i is set to master. If the role preference for pro?le 
service i is set to master, at 1009, role of Bluetooth® device 
2 may be sWitched to slave and role of Bluetooth® device 
1 may be sWitched to master. 

[0063] In an exemplary aspect of the invention, a Blue 
tooth® device may be adapted to provide tWo serial port 
pro?le services, one for a multiplayer game and one for an 
AT command interface, for example. The AT command 
interface may be characteriZed With no role preference and, 
therefore, may support either a master or a slave role upon 
connection to a neW Bluetooth® device. The serial port 
pro?le service, hoWever, may be associated With a master 
pro?le. When a peer Bluetooth® device connects to the 
pro?le service, a role sWitch may be initiated so that the peer 
Bluetooth® device is in a slave role. 

[0064] FIG. 11 is a How diagram 1100 of an exemplary 
method for role sWitching in a Bluetooth® device support 
ing simultaneous pro?le services With different role prefer 
ences, in accordance With an embodiment of the invention. 
Referring to FIG. 11, at 1101, Bluetooth® device A may 
connect utiliZing pro?le service 1 of Bluetooth® device B, 
Where pro?le service 1 may be associated With “any” role 
preference. In one aspect of the invention, Bluetooth® 
device B may be characterized With one or more pro?le 
services, or Bluetooth® connection pro?les, Which may 
support simultaneous connections With different role pref 
erences. Since pro?le service 1 is associated With “any” role 
preference, no role sWitch may be performed. At 1103, 
Bluetooth® device A may connect utiliZing pro?le service 2 










