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Figure 1-9
An add-on module is

one method that
Bluetooth can be
connected to a

computer.
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The OSI Model A

Take a look again at the Bluetooth-to-host interface in Figure 1-9. A very

complex process must occur just to get data from the host application to the

radio in the module, across the wireless link, and to the destination host.
How should the data be structured? How fast should the data be sent? And

(gasp) how should the link be established and configured? After thinking

about all of these factors together, it's tempting to give up in despair and

return to a simpler life of designing vacuum tube oscillators.

In 1977, the International Standards Organization (ISO) established a

subcommittee to research the need to develop a standardized, layered

approach to general computer communications. This work culminated in

1982 with the Open Systems Interconnection (OSI) reference model, shown

in Figure 1-10. By working through the layers of the model, a designer can

gradually create an'entire computer communication system without becom-

ing overwhelmed, and (theoretically, at least) a particular layer can be

changed without affecting the other layers.3 The downside to using this

method is that redundancy, along with its resulting inefliciencies, can creep

into a design. We shall discover this characteristic when we examine the

details of Bluetooth packet structure in Chapter 4, “Baseband Packets and

Their Exchange” Qualcomm Incorporated
Exhibit 1016
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Figure 1-10
The OSl reference

model provides a

standardized, layered
approach to
computer
communications.
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The physical layer (PHY) contains the actual physical interface and the

rules for its use. In Bluetooth, the PHY is RF and the modulation, and

detection processes are listed in the specification. The PHY is made reliable,

and link connection and detachment rules are provided by the data-link

lajer..This layer contains Media Access Control (MAC), which is a set of
rules that determine the structure of basic data packets and how they are

sent, and the Logical Link Control (LLC), which provides the protocol for

link establishment and detachment. The network layer provides transpar-

ent transfer of data between transport entities on each end of the commu-

nication link. A properly implemented network layer relieves the transport

layer from requiring any knowledge of the method by which data moves

from source to destination. In other words, a Bluetooth device can appear to

be a serial cable to the transport layer.

Layers four and above in the 051 model are called higher layers (pro-

found, yes?), and their functions start to become less well defined. The

transport layer includes optimization routines and other quality of service

(QoS) methods for efficient data exchange, and the session layer contains

the method for controlling dialog between applications on either end of the

link. Finally, thepresentation layer resolves differences between format and

data representation between entities, and the application layer provides the

means by which applications can access the OSI environment. As we move

up the OSI layers, their implementation gradually changes from hardware,

to firmware, and finally into software. The Bluetooth protocol stack exhibits
the same behavior.
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Chapter 1

Bluetooth Protocols

Now that we’ve studied the OSI model, we can move on to the Bluetooth

protocol stack shown in Figure 1-11. It’s at once apparent that the Blue-

tooth protocol stack doesn’t conform to the OSI model exactly, but the lay-

ers are still there and gradually transition from implementation in

hardware and firmware (lower layers) to software (higher layers). If each of

these groups of layers are separate entities, such as a PC card and laptop

computer, then they can communicate with each other through the HCI.

HCI provides paths for data, audio, and control signals between the Blue-
tooth module and host.

The radio completes the physical layer by providing a transmitter and

receiver for two-way communication. Data packets are assembled and fed to

the radio by the baseband state machine. The link controller provides more

complex state operations, such as the standby, connect, and low-power
modes. The baseband and link controller functions are combined into one

layer in Figure 1-11 to be consistent with their treatment in the Bluetooth

Specification 1.1. The link manager provides link control and configuration

through a low-level language called the link manager protocol (LMP).

The logical link control and adaptation protocol (L2CAP) establishes vir—

tual channels between hosts that can keep track of several simultaneous ses-

sions such as multiple file transfers. LZCAP also takes application data and

breaks it into Bluetooth-size morsels for transmission, and reverses the

process for received data. Radio frequency communication (RFCOMJVD is the

Bluetooth serial port emulator, and its main purpose is to trick an applica-
tion into thinking that a wired serial port exists instead of an RF link.

Finally, the various software programs that are needed for the different Blue-

tooth usage models enable a familiar application to use Bluetooth. These

include service discovery protocol (SDP), object exchange (OBEX), telephony

controlprotocol specification (T08), and WirelessApplication Protocol (WAP).

Aside from data communications, Bluetooth has a special provision for

real-time, two~way, digitized voice as well; Once these voice packets are cre-

ated by an application, they bypass most of the data protocol stack and are

handled directly by the baseband layer. This prevents unacceptable delay

between the time the packets are created and the time they arrive at their

destination. Control of the Bluetooth module usually proceeds from the

application through HCI to the module, also bypassing the protocol layers

used for handling the data communication process‘itself'.
The Bluetooth radio and the baseband/link controller consist of hard-

ware that is typically available as one or two integrated circuits. The

firmware-based link manager and one end of the host controller interface,
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perhaps with a bus driver for connection to the host, complete the Bluetooth

module shown in Figure 1-9. The remaining parts of the protocol stack and

the host end of HCI can be implemented in software on the host itself.

Bluetooth Profiles

Whereas protocols provide the basic building blocks for Bluetooth opera-

tion, the profile is what gives a Bluetooth-equipped device its personality.

Do you want the device to be a headset? Use the headset profile. A cordless

phone? Use the cordless telephony profile. The purpose of profiles is three-
fold:

Lots of options are reduced to those needed for a specific function.

at Procedures for a specific function can be taken from a set of base
standards.

a A common user experience is provided across devices from different
manufacturers.

Page 4 of 10f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Page 5 of 10

 

5::

Figure 1-12
Examples of
Bluetooth profile
interaction
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Several profiles existed in the first release of the Bluetooth specification,

and these original profiles and their interaction with each other are shown

in Figure 1-12. For example, if a Bluetooth-equipped device is to have the

ability to perform automatic file synchronization, then the Generic Access

profile, Serial Port profile, Generic Object Exchange profile, and Synchro-

nization profile will all play a role in the device’s capabilities. Profiles can be

envisioned as a Wertical slice” through the Bluetooth protocol stack, in

which a subset of capabilities in each layer is selected for the particular

Bluetooth function being developed. Automatic file synchronization, for

example, doesn’t require the use of two-way real-time audio, so implement-

ing audio isn’t necessary for that application. Each usage model has its own

corresponding set of profiles. Other profiles continue to be added as they

attain SIG approval. We will take a more detailed look at profiles and how

they are constructed in Chapter 11.
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