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INTRODUCTION

n What is HCI?
n A uniform interface method of accessing the Bluetooth 

hardware capabilities
n Two parts of HCI : driver and firmware

n Role of HCI 
n Bluetooth protocol architecture view
n Bluetooth device end-to-end view
n Bluetooth low layer software view
n Bluetooth system functional block view
n Bluetooth hardware architecture view



What is HCI?

n Two parts of HCI commands 
n HCI driver in Bluetooth host

n HCI firmware in Bluetooth hardware



What is HCI? (cont.)

n HCI driver on the Bluetooth host
n Exchanging data and commands with HCI 

firmware on the Bluetooth hardware



What is HCI? (cont.)

n HCI firmware in Bluetooth hardware
n Implementing the HCI commands for the 

Bluetooth hardware by accessing
n baseband commands,

n link manager commands, 

n hardware status registers, 

n control registers, 

n and event registers 



BLUETOOTH PROTOCOL 
ARCHITETURE VIEW

Host

Host Controller
(BT module)



BLUETOOTH DEVICE  END-TO-
END VIEW



BLUETOOTH LOW LAYER 
SOFEWARE VIEW



BLUETOOTH SYSTEM 
FUNCTIONAL BLOCK VIEW



BLUETOOTH HARDWARE 
ARCHITECTURE VIEW



EXAMPLE WITH USB



EXAMPLE WITH PC-CARD
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HCI FLOW CONTROL

n Avoiding filling up the data buffers
n Host manages the data buffers of the 

Host Controller
n Host Controller manages the data buffers 

of the Host



Transport 
Layer

Transport 
Layer

HOST HOST 
CONTROLER

Radio tower

HCI FLOW CONTROL (cont.)
(initialization)

Initialization

Read_Buffer_Size

Command_Complete_Event

Status,

HC_ACL_Data_Packet_Length,

HC_SCO_Data_Packet_Length, 

HC_Total_Num_ACL_Data_Packets,

HC_Total_Num_SCO_Data_Packets



Transport 
Layer

Transport 
Layer

HOST HOST 
CONTROLER

Radio tower

HCI FLOW CONTROL (cont.)
(HC controlling flow of data)

ACL/SCO data packets

Assume ACL/SCO data buffer 
decreased by 1(in HC)

Number Of Completed Packets 
event

Number_of_Handles,

Connection_Handle[i],

HC_Num_Of_Completed_Packets[i]



HCI FLOW CONTROL (cont.)
(host controlling the flow)

Set_Host_Controller_To_Host_
Flow_Control

Host_Buffer_Size

Transport 
Layer

Transport 
Layer

HOST HOST 
CONTROLER

Radio tower

Scheduling is made on a Connection Handle basis

Host_Number_Of_Completed_

Packets
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HCI PACKETS

Transport 
Layer

Transport Layer

HOST HOST 
CONTROLER

Radio tower

HCI Commands

HCI Events

ACL/SCO data packets

Asynchronous Connection Less

Synchronous Connection Oriented



HCI PACKETS

n Command packets used by the host to 
control the module

n Event packets used by the module to 
inform the host

n Data packets to pass voice and data 
between host and module
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HCI COMMANDS
p.553 Fig.4.1

OCF: OpCode Command Field
OGF: OpCode Group Field



HCI COMMANDS (cont.)



HCI COMMANDS (cont.)

n HCI command category
n Link control commands (22)

n Link policy commands (10)

n Host controller & baseband commands (51)

n Information parameters (5)

n Status parameters (4)

n Testing commands (3)



HCI COMMANDS (cont.) 

n Command sent to the module → the 
module responds with
n HCI_Command_Complete event

n HCI_command_Status event

if the command can be 
executed immediatelystatus returned first, then 

complete event returned when 
the command has completed
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HCI COMMANDS (cont.)

HCI Command

Command_Complete_Event



Transport 
Layer

Transport 
Layer

HOST HOST 
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Radio tower

HCI COMMANDS (cont.)

HCI Command

Command_Status_Event

Command_Complete_Event

●
●
●



HCI COMMAND CATEGORY

n Link control commands (22)

n Link policy commands (10)

n Host controller & baseband commands (51)

n Information parameters (5)

n Status parameters (4)

n Testing commands (3)



LINK CONTROL COMMANDS

n Allowing the host controller to control 
connections to other Bluetooth devices

n Total 22 commands
n Three types of commands

n Performing inquiries of other BD in range (4)
n Instructing the LM to create and modify link 

layer connections with remote devices (5)
n Other LMP commands (13)

OGF: 0x01



LINK CONTROL COMMANDS 
(INQUIRY COMMANDS)

Write_Scan_Enable



LINK CONTROL COMMANDS 
(CONNECTION  COMMANDS)

parameters:
BD_ADDR, Packet_Type, 

Page_Can_Repetition_Mode, 
Page_Scan_mode, Clock_Offset, 

Allow_Role_Switch



LINK CONTROL COMMANDS 
(OTHER  COMMANDS)



HCI COMMAND CATEGORY

n Link control commands (22)

n Link policy commands (10)

n Host controller & baseband commands (51)

n Information parameters (5)

n Status parameters (4)

n Testing commands (3)

to provide methods 
for the Host to affect 
how the Link Manager 
manages the piconet

OGF: 0x02



LINK POLICY COMMANDS

Power Saving Quality of Service



HCI COMMAND CATEGORY

n Link control commands (22)

n Link policy commands (10)

n Host controller & baseband commands (51)

n Information parameters (5)

n Status parameters (4)

n Testing commands (3)



HOST CONTROLLER AND 
BASEBAND COMMANDS

n Providing control of Bluetooth device and 
the capabilities of the
n Host controller

n Link manager

n Baseband

n The host device can use these commands 
to modify the behavior of the local device

OGF: 0x03



HOST CONTROLLER AND 
BASEBAND COMMANDS



HCI COMMAND CATEGORY

n Link control commands (22)

n Link policy commands (10)

n Host controller & baseband commands (51)

n Information parameters (5)

n Status parameters (4)

n Testing commands (3)

fixed by the 
manufacturer of the 
Bluetooth hardware

OGF: 0x04



INFORMATIONAL PARAMETER 
COMMANDS



HCI COMMAND CATEGORY

n Link control commands (22)

n Link policy commands (10)

n Host controller & baseband commands (51)

n Information parameters (5)

n Status parameters (4)

n Testing commands (3)

provide information 
about the current state 
of the Host Controller, 
Link Manager, and
Baseband

OGF: 0x05



STATUS PARAMETER 
COMMANDS



HCI COMMAND CATEGORY

n Link control commands (22)

n Link policy commands (10)

n Host controller & baseband commands (51)

n Information parameters (5)

n Status parameters (4)

n Testing commands (3)

to provide the ability to test 
various functionalities
of the Bluetooth hardware

OGF: 0x06



TESTING COMMANDS
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HCI EVENT PACKETS
p.557 Fig.4.2



HCI EVENT PACKET (cont.)
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HCI DATA PACKETS

n Exchanging data between the host and host 
controller 

n Two data types
n ACL data type (Asynchronous Connection Less)

n SCO data type(Synchronous Connection Oriented)



HCI ACL DATA PACKET
p.558 Fig.4.3



HCI ACL DATA PACKET (cont.)

From Spec. 1.0a for short



HCI ACL DATA PACKET (cont.)



HCI ACL DATA PACKET (cont.)

Different with Spec. 1.0a



HCI SCO DATA PACKET
p.561 Fig.4.4



HCI SCO DATA PACKET (cont.)



SEGMENTATION AND 
REASSEMBLY OPERATIONS

p.265 Fig.2.5



SEGMENTATION & REASSEM. 
OPERATIONS (cont.)



SEGMENTATION &  REASSEM. 
OPERATIONS (cont.)
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MESSAGE SEQUENCE CHART
Appendix IX p.1035

Fig.2.1
Remote 
Name 

Request

HCI Commands

work performed 
between modules

Two sub-scenarios:
1. without existing ACL connection

2. with existing ACL connection



MESSAGE SEQUENCE 
CHART (cont.)

BD_ADDR, 
Page_Scan_
Repetition_Mode, 
Page_Scan_Mode, 
Clock_Offset

no existing 
ACL 

connection



MESSAGE SEQUENCE 
CHART (cont.)

existing ACL
connection

using LMP 
commands



MESSAGE SEQUENCE 
CHART (cont.)

HCI_Create_Connection

Figure 3.2
ACL Connection 
Request phase

Three sub-scenarios:
1. Slave rejects ACL Connection Request
2. Slave accepts ACL Connection Request
3. Slave accepts ACL Connection Request 

with Role Change



MESSAGE SEQUENCE 
CHART (cont.)

with meaningless
Connection_Handle and 

Encryption_Mode



MESSAGE SEQUENCE 
CHART (cont.)

continue with the ACL 
Connection Setup, where 
pairing, authentication or
encryption will be 
executed

for role 
change

To automatically accept incoming 
connection request:
HCI_Set_Event_Filter (Filter_Type, 

Filter_Condition_Type, Condition) 
with the Filter_Type = 0x02



MESSAGE SEQUENCE 
CHART (cont.) Figure 3.6

ACL Disconnection

without SCO 
connections

one-sided 
procedure



MESSAGE SEQUENCE 
CHART (cont.)

Figure 5.1
SCO Connection setup 
(activated from master)



MESSAGE SEQUENCE 
CHART (cont.) Figure 5.2

SCO Connection setup 
(activated from slave)



MESSAGE SEQUENCE 
CHART (cont.) Figure 5.3

SCO Disconnection



CONCLUSION & DISCUSSION

n Providing a uniform interface method of accessing 
the Bluetooth hardware capabilities

n Two parts of HCI commands
n HCI driver in Bluetooth host
n HCI firmware in Bluetooth hardware

n Implementing the HCI commands by accessing : 
n baseband commands,
n link manager commands, 
n hardware status registers, 
n control registers, 
n event registers 


