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Master Table of Contents

THE BLUETOOTH SPECIFICATION MASTER TABLE OF 
CONTENTS

In the following Master Table of Contents: 

• The TOC for each Volume starts at the top of a page. 

• The Volume number in black is followed by the Volume name in red.

Note: Each Volume is a self contained book and is equipped with a TOC of its own.

• A Volume contains one or more Parts (A, B, etc.); each Part can be viewed 
independently and has its own TOC.

Red or blue text on the following pages indicates hypertext links that take you 
directly to the indicated section, on condition that you have access to a com-
plete specification.
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8  LINK CONTROLLER OPERATION 

This section describes how a piconet is established and how devices can be 
added to and released from the piconet. Several states of operation of the 
devices are defined to support these functions. In addition, the operation of 
several piconets with one or more common members, the scatternet, is 
discussed.

8.1   OVERVIEW OF STATES 

Figure 8.1 on page 159 shows a state diagram illustrating the different states 
used in the link controller. There are three major states: STANDBY, 
CONNECTION, and PARK; in addition, there are nine substates, page, page 
scan, inquiry, inquiry scan, synchronization train, synchronization scan, 
master response, slave response, and inquiry response. Note that the 
master response, slave response, and inquiry response substates are not 
shown in the simplified figure below. The substates are interim states that are 
used to establish connections and enable device discovery. To move from one 
state or substate to another, either commands from the link manager are used, 
or internal signals in the link controller are used (such as the trigger signal from 
the correlator and the timeout signals).

.

Figure 8.1:  State diagram of link controller
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8.2   STANDBY STATE

The STANDBY state is the default state in the device. In this state, the device 
may be in a low-power mode. Only the native clock is running at the accuracy 
of the LPO (or better). 

The controller may leave the STANDBY state to scan for page or inquiry mes-
sages, or to page or inquiry itself.

8.3   CONNECTION ESTABLISHMENT SUBSTATES

In order to establish new connections the paging procedure or the synchroniza-
tion scan procedure is used. Only the Bluetooth device address is required to 
set up a connection using the paging procedure. Knowledge about the clock, 
obtained from the inquiry procedure (see Section 8.4 on page 169) or from a 
previous connection with this device, and the page scanning mode of the other 
device will accelerate the paging procedure. A device that establishes a con-
nection using a page procedure will automatically become the master of the 
connection. A device that establishes a connection using a synchronization 
scan procedure does so in two steps. First, from within the synchronization
scan substate, the BR/EDR Controller follows the synchronization scan proce-
dure to collect clock, packet timing, and AFH channel map information from the 
master and then transitions to the STANDBY state. Second, as commanded by 
the Host, the BR/EDR Controller transitions from the STANDBY state to the 
connectionless slave broadcast mode of the CONNECTION state.

The truncated page procedure is a modification of the paging procedure and is 
used to deliberately generate a page response timeout on the slave device. 

8.3.1  Page Scan Substate

In the page scan substate, a device may be configured to use either the stan-
dard or generalized interlaced scanning procedure. During a standard scan, a 
device listens for the duration of the scan window Tw_page_scan (11.25ms 
default, see HCI [Part E] Section 7.3.20 on page 681), while the generalized 
interlaced scan is performed as two back to back scans of Tw_page_scan. If the 
scan interval is not at least twice the scan window, then generalized interlaced 
scan shall not be used. During each scan window, the device shall listen at a 
single hop frequency, its correlator matched to its device access code (DAC). 
The scan window shall be long enough to completely scan 16 page frequen-
cies.

When a device enters the page scan substate, it shall select the scan fre-
quency according to the page hopping sequence determined by the device's 
Bluetooth device address, see Section 2.6.4.1 on page 95. The phase in the 
sequence shall be determined by CLKN16-12 of the device’s native clock; that 
is, every 1.28s a different frequency is selected.
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In the case of a standard scan, if the correlator exceeds the trigger threshold 
during the page scan, the device shall enter the slave response substate 
described in Section 8.3.3.1 on page 167. The scanning device may also use 
generalized interlaced scan. In this case, if the correlator does not exceed the 
trigger threshold during the first scan it shall scan a second time using the 
phase in the sequence determined by [CLKN16-12 + interlace_offset] mod 32. If 
on this second scan the correlator exceeds the trigger threshold the device 
shall enter the slave response substate using [CLKN16-12 + interlace_offset] 
mod 32 as the frozen CLKN* in the calculation for Xprs(79) (see Section 2.6.4.3 
on page 96 for details). If the correlator does not exceed the trigger threshold 
during a scan in normal mode or during the second scan in interlaced scan 
mode it shall return to either the STANDBY or CONNECTION state.

The interlace_offset value ranges from 0 to 31. The value 16 should be used 
unless the pattern of slots that are not available for scanning implies a different 
value should be used.

The page scan substate can be entered from the STANDBY state or the CON-
NECTION state. In the STANDBY state, no connection has been established 
and the device can use all the capacity to carry out the page scan. Before 
entering the page scan substate from the CONNECTION state, the device 
should reserve as much capacity as possible for scanning. If desired, the 
device may place ACL connections in Hold, Park, or Sniff (see Section 8.8 on 
page 197 and Section 8.9 on page 197). Synchronous connections should not 
be interrupted by the page scan, although eSCO retransmissions should be 
paused during the scan. The page scan may be interrupted by the reserved 
synchronous slots which should have higher priority than the page scan. SCO 
packets should be used requiring the least amount of capacity (HV3 packets). 
The scan window shall be increased to minimize the setup delay. If one SCO 
logical transport is present using HV3 packets and TSCO=6 slots or one eSCO 
logical transport is present using EV3 packets and TESCO=6 slots, a total scan 
window Tw page scan of at least 36 slots (22.5ms) is recommended; if two SCO 
links are present using HV3 packets and TSCO=6 slots or two eSCO links are 
present using EV3 packets and TESCO=6 slots, a total scan window of at least 
54 slots (33.75ms) is recommended.

The scan interval Tpage scan is defined as the interval between the beginnings 
of two consecutive page scans. A distinction is made between the case where 
the scan interval is equal to the scan window Tw page scan (continuous scan), 
the scan interval is maximal 1.28s, or the scan interval is maximal 2.56s. These 
three cases shall determine the behavior of the paging device; that is, whether 
the paging device shall use R0, R1 or R2, see also Section 8.3.2 on page 162. 
Table 8.1 illustrates the relationship between Tpage scan and modes R0, R1 and 
R2. Although scanning in the R0 mode is continuous, the scanning may be 
interrupted for example by reserved synchronous slots. The scan interval infor-
mation is included in the SR field in the FHS packet. 
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8.3.2  Page substate

The page substate is used by the master (source) to activate and connect to a 
slave (destination) in the page scan substate. The master tries to coincide with 
the slave's scan activity by repeatedly transmitting the paging message con-
sisting of the slave’s device access code (DAC) in different hop channels. 
Since the Bluetooth clocks of the master and the slave are not synchronized, 
the master does not know exactly when the slave wakes up and on which hop 
frequency. Therefore, it transmits a train of identical page scan messages at 
different hop frequencies and listens in between the transmit intervals until it 
receives a response from the slave.

The page procedure in the master consists of a number of steps. First, the Host 
communicates the BD_ADDR of the slave to the Controller. This BD_ADDR 
shall be used by the master to determine the page hopping sequence; see 
Section 2.6.4.2 on page 96. For the phase in the sequence, the master shall 
use an estimate of the slave’s clock. For example, this estimate can be derived 
from timing information that was exchanged during the last encounter with this 
particular device (which could have acted as a master at that time), or from an 
inquiry procedure. With this estimate CLKE of the slave’s Bluetooth clock, the 
master can predict on which hop channel the slave starts page scanning.

The estimate of the Bluetooth clock in the slave can be completely wrong. 
Although the master and the slave use the same hopping sequence, they use 
different phases in the sequence and might never select the same frequency. 
To compensate for the clock drifts, the master shall send its page message 
during a short time interval on a number of wake-up frequencies. It shall trans-
mit also on hop frequencies just before and after the current, predicted hop fre-
quency. During each TX slot, the master shall sequentially transmit on two 
different hop frequencies. In the following RX slot, the receiver shall listen 
sequentially to two corresponding RX hops for an ID packet. The RX hops shall 
be selected according to the page response hopping sequence. The page 
response hopping sequence is strictly related to the page hopping sequence: 
for each page hop there is a corresponding page response hop. The RX/TX 
timing in the page substate is described in Section 2.2.5, see also Figure 2.7 
on page 81. In the next TX slot, the master shall transmit on two hop frequen-

SR mode Tpage scan

R0 ≤ 1.28s and = Tw page scan 

R1 ≤ 1.28s

R2 ≤ 2.56s

Reserved -

Table 8.1:  Relationship between scan interval, and paging modes R0, R1, and R2 
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cies different from the former ones. Note: The hop rate is increased to 3200 
hops/s.

With the increased hopping rate as described above, the transmitter can cover 
16 different hop frequencies in 16 slots or 10 ms. The page hopping sequence 
is divided over two paging trains A and B of 16 frequencies. Train A includes 
the 16 hop frequencies surrounding the current, predicted hop frequency f(k), 
where k is determined by the clock estimate CLKE16-12. The first train consists 
of hops 

f(k-8), f(k-7),...,f(k),...,f(k+7)

When the difference between the Bluetooth clocks of the master and the slave 
is between -8x1.28 s and +7x1.28 s, one of the frequencies used by the master 
will be the hop frequency the slave will listen to. Since the master does not 
know when the slave will enter the page scan substate, the master has to 
repeat this train A Npage times or until a response is obtained, whichever is 
shorter. If the slave scan interval corresponds to R1, the repetition number is at 
least 128; if the slave scan interval corresponds to R2 or if the master has not 
previously read the slave's SR mode, the repetition number is at least 256. If 
the master has not previously read the slave's SR mode it shall use Npage >= 
256. Note that CLKE16-12 changes every 1.28 s; therefore, every 1.28 s, the 
trains will include different frequencies of the page hopping set.

When the difference between the Bluetooth clocks of the master and the slave 
is less than -8x1.28 s or larger than +7x1.28 s, the remaining 16 hops are used 
to form the new 10 ms train B. The second train consists of hops 

f(k-16), f(k-15),...,f(k-9),f(k+8)...,f(k+15)

Train B shall be repeated for Npage times. If no response is obtained, knudge 
may be updated in the case where slots to receive are periodically not avail-
able and train A shall be tried again Npage times. Alternate use of train A and 
train B and updates of knudge shall be continued until a response is received or 
the timeout pageTO is exceeded. When extended_pageTO is greater than 
zero, the timeout may be extended to (pageTO + extended_page_TO). If a 
response is returned by the slave, the master device enters the master
response substate. 

The page substate may be entered from the STANDBY state or the CONNEC-
TION state. In the STANDBY state, no connection has been established and 
the device can use all the capacity to carry out the page. Before entering the 
page substate from the CONNECTION state, the device should free as much 
capacity as possible for paging. To ensure this, it is recommended that the ACL 
connections are put on hold or park. However, the synchronous connections 
shall not be disturbed by the page. This means that the page will be interrupted 
by the reserved SCO and eSCO slots which have higher priority than the page. 
In order to obtain as much capacity for paging, it is recommended to use the 
SCO packets which use the least amount of capacity (HV3 packets). If SCO or 
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eSCO links are present, the repetition number Npage of a single train shall be 
increased, see Table 8.2. Here it has been assumed that the HV3 packet are 
used with an interval TSCO=6 slots or EV3 packets are used with an interval of 
TESCO=6 slots, which would correspond to a 64 kb/s synchronous link. 

.

The construction of the page train shall be independent of the presence of syn-
chronous links; that is, synchronous packets are sent on the reserved slots but 
shall not affect the hop frequencies used in the unreserved slots, see Figure 
8.2 on page 164. 

Figure 8.2:  Conventional page (a), page while one synchronous link present (b), page while two 
synchronous links present (c)

SR mode no synchronous
link 

one synchronous link 
(HV3)

two synchronous links 
(HV3)

R0 Npage≥1 Npage≥2 Npage≥3

R1 Npage≥128 Npage≥256 Npage≥384

R2 Npage≥256 Npage≥512 Npage≥768

Table 8.2:  Relationship between train repetition, and paging modes R0, R1 and R2 when 
synchronous links are present

Synchronous slot

Synchronous slots

a)

b)

c)

10ms train

1,2 3,4 5,6 7,8 9,10 11,12 13,14 15,16 1,2 3,4 5,6 7,8 9,10 11,12 13,14 15,16 1,2 3,4 5,6

3,4 5,61,2 3,4 7,8 9,10 13,14 15,161,2 5,6 7,8 11,12 13,14

5,63,4 9,10 15,161,2 7,8 13,14
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8.3.3  Page Response Substates

When a page message is successfully received by the slave, there is a coarse 
FH synchronization between the master and the slave. Both the master and the 
slave enter a response substate to exchange vital information to continue the 
connection setup. It is important for the piconet connection that both devices 
shall use the same channel access code, use the same channel hopping 
sequence, and their clocks are synchronized. These parameters shall be 
derived from the master device. The device that initializes the connection 
(starts paging) is defined as the master device (which is thus only valid during 
the time the piconet exists). The channel access code and channel hopping 
sequence shall be derived from the Bluetooth device address (BD_ADDR) of 
the master. The timing shall be determined by the master clock. An offset shall 
be added to the slave’s native clock to temporarily synchronize the slave clock 
to the master clock. At start-up, the master parameters are transmitted from the 
master to the slave. The messaging between the master and the slave at start-
up is specified in this section.

The initial messaging between master and slave is shown in Table 8.3 on page 
165 and in Figure 8.3 on page 166 and Figure 8.4 on page 166. In those two 
figures frequencies f (k), f(k+1), etc. are the frequencies of the page hopping 
sequence determined by the slave’s BD_ADDR. The frequencies f’(k), f’(k+1), 
etc. are the corresponding page_response frequencies (slave-to-master). The 
frequencies g(m) belong to the basic channel hopping sequence. 

In step 1 (see Table 8.3 on page 165), the master device is in page substate 
and the slave device in the page scan substate. Assume in this step that the 
page message sent by the master reaches the slave. On receiving the page 
message, the slave enters the slave response in step 2. The master waits for 
a reply from the slave and when this arrives in step 2, it shall enter the master
response in step 3. Note that during the initial message exchange, all parame-

Step Message Packet
Type Direction Hopping 

Sequence
Access Code 
and Clock

1 Page ID Master to slave Page Slave

2 First slave page 
response ID Slave to master Page response Slave

3 Master page 
response FHS Master to slave Page Slave

4 Second slave 
page response ID Slave to master Page response Slave

5 1st packet master POLL Master to slave Channel Master

6 1st packet slave Any 
type Slave to master Channel Master

Table 8.3:  Initial messaging during start-up 
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ters are derived from the slave’s device address, and that only the page hop-
ping and page response hopping sequences are used (are also derived from 
the slave’s device address). Note that when the master and slave enter the 
response states, their clock input to the page and page response hop selection 
is frozen as is described in Section 2.6.4.3 on page 96.

Figure 8.3:  Messaging at initial connection when slave responds to first page message

Figure 8.4:  Messaging at initial connection when slave responds to second page message

In the case of the truncated page procedure, the messaging stops after step 2 
in the sequence shown in Table 8.3 on page 165. This procedure is illustrated 
in Figure 8.5 and Figure 8.6.
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Figure 8.5:  First half slot truncated page

Figure 8.6:  Second half slot truncated page

8.3.3.1  Slave response substate

After having received the page message in step 1, the slave device shall trans-
mit a slave page response message (the slave's device access code) in step 2. 
This response message shall be the slave’s device access code. The slave 
shall transmit this response 625 μs after the beginning of the received page 
message and at the response hop frequency that corresponds to the hop fre-
quency in which the page message was received. The slave transmission is 
therefore time aligned to the master transmission. During initial messaging, the 
slave shall still use the page response hopping sequence to return information 
to the master. The clock input CLKN16-12 shall be frozen at the value it had at 
the time the page message was received.

After having sent the response message, the slave’s receiver shall be activated 
312.5 μs after the start of the response message and shall await the arrival of 
an FHS packet. Note that an FHS packet can arrive 312.5 μs after the arrival of 
the page message as shown in Figure 8.4 on page 166, and not after 625 μs as 
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is usually the case in the piconet physical channel RX/TX timing. More details 
about the timing can be found in Section 2.4.4 on page 82.

If the setup fails before the CONNECTION state has been reached, the follow-
ing procedure shall be carried out. The slave shall listen as long as no FHS 
packet is received until pagerespTO is exceeded. Every 1.25 ms, however, it 
shall select the next master-to-slave hop frequency according to the page hop 
sequence. If nothing is received after pagerespTO, the slave shall return back 
to the page scan substate for one scan period. Length of the scan period 
depends on the synchronous reserved slots present. If no page message is 
received during this additional scan period, the slave shall resume scanning at 
its regular scan interval and return to the state it was in prior to the first page 
scan state.

If an FHS packet is received by the slave in the slave response substate, the 
slave shall return a slave page response message in step 4 to acknowledge 
reception of the FHS packet. This response shall use the page response hop-
ping sequence. The transmission of the slave page response packet is based 
on the reception of the FHS packet. Then the slave shall change to the mas-
ter's channel access code and clock as received from the FHS packet. Only the 
26 MSBs of the master clock are transferred: the timing shall be such that 
CLK1 and CLK0 are both zero at the time the FHS packet was received as the 
master transmits in even slots only. The offset between the master’s clock and 
the slave’s clock shall be determined from the master’s clock in the FHS packet 
and reported to the slave’s Baseband Resource Manager.

Finally, the slave enters the CONNECTION state in step 5. From then on, the 
slave shall use the master’s clock and the master's BD_ADDR to determine the 
basic channel hopping sequence and the channel access code. The slave shall 
use the LT_ADDR in the FHS payload as the primary LT_ADDR in the CON-
NECTION state. The connection mode shall start with a POLL packet transmit-
ted by the master. The slave may respond with any type of packet. If the POLL 
packet is not received by the slave, or the response packet is not received by 
the master, within newconnectionTO number of slots after FHS packet 
acknowledgement, the master and the slave shall return to page and page 
scan substates, respectively. See Section 8.5 on page 174

8.3.3.2  Master response substate

When the master has received a slave page response message in step 2, and the 
master is not executing the truncated page procedure, it shall enter the master
response routine. It shall freeze the current clock input to the page hop selection 
scheme. The master shall then transmit an FHS packet in step 3 containing the 
master’s real-time Bluetooth clock, the master’s BD_ADDR, the BCH parity bits, 
and the class of device. The FHS packet contains all information to construct the 
channel access code without requiring a mathematical derivation from the mas-
ter's Bluetooth device address. The LT_ADDR field in the packet header of FHS 
packets in the master response substate shall be set to all-zeros. The FHS packet 
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shall be transmitted at the beginning of the master-to-slave slot following the slot 
in which the slave responded. The FHS packet shall carry the all-zero LT_ADDR. 
The TX timing of the FHS is not based on the reception of the response packet 
from the slave. The FHS packet may therefore be sent 312.5 μs after the recep-
tion of the response packet like shown in Figure 8.4 on page 166 and not 625 μs 
after the received packet as is usual in the piconet physical channel RX/TX timing, 
see also Section 2.4.4 on page 82.

After the master has sent its FHS packet, it shall wait for a second slave page 
response message in step 4 acknowledging the reception of the FHS packet. 
This response shall be the slave’s device access code. If no response is 
received, the master shall retransmit the FHS packet with an updated clock 
and still using the slave’s parameters. It shall retransmit the FHS packet with 
the clock updated each time until a second slave page response message is 
received, or the timeout of pagerespTO is exceeded. In the latter case, the 
master shall return to the page substate and send an error message to the 
Baseband Resource Manager. During the retransmissions of the FHS packet, 
the master shall use the page hopping sequence.

If the slave’s response is received, the master shall change to using the master 
parameters, so it shall use the channel access code and the master clock. The 
lower clock bits CLK0 and CLK1 shall be reset to zero at the start of the FHS 
packet transmission and are not included in the FHS packet. Finally, the master 
enters the CONNECTION state in step 5. The master BD_ADDR shall be used 
to change to a new hopping sequence, the basic channel hopping sequence. 
The basic channel hopping sequence uses all 79 hop channels in a pseudo-
random fashion, see also Section 2.6.4.7 on page 98. The master shall now 
send its first traffic packet in a hop determined with the new (master) parame-
ters. This first packet shall be a POLL packet. See Section 8.5 on page 174. 
This packet shall be sent within newconnectionTO number of slots after recep-
tion of the FHS packet acknowledgement. The slave may respond with any 
type of packet. If the POLL packet is not received by the slave or the POLL 
packet response is not received by the master within newconnectionTO num-
ber of slots, the master and the slave shall return to page and page scan sub-
states, respectively. 

8.4   DEVICE DISCOVERY SUBSTATES

In order to discover other devices a device shall enter inquiry substate. In this 
substate, it shall repeatedly transmit the inquiry message (ID packet, see Sec-
tion 6.5.1.1 on page 126) at different hop frequencies. The inquiry hop 
sequence is derived from the LAP of the GIAC. Thus, even when DIACs are 
used, the applied hopping sequence is generated from the GIAC LAP. A device 
that allows itself to be discovered, shall regularly enter the inquiry scan sub-
state to respond to inquiry messages. The following sections describe the mes-
sage exchange and contention resolution during inquiry response. The inquiry 
response is optional: a device is not forced to respond to an inquiry message.
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During the inquiry substate, the discovering device collects the Bluetooth 
device addresses and clocks of all devices that respond to the inquiry mes-
sage. In addition, the discovering device also collects extended information 
(e.g. local name and supported services) from devices that respond with an 
extended inquiry response packet. It can then, if desired, make a connection to 
any one of the discovered devices by means of the previously described page 
procedure.

The inquiry message broadcast by the source does not contain any information 
about the source. However, it may indicate which class of devices should 
respond. There is one general inquiry access code (GIAC) to inquire for any 
device, and a number of dedicated inquiry access codes (DIAC) that only 
inquire for a certain type of device. The inquiry access codes are derived from 
reserved Bluetooth device addresses and are further described in Section 
6.3.1. 

8.4.1  Inquiry scan substate

The inquiry scan substate is very similar to the page scan substate. However, 
instead of scanning for the device's device access code, the receiver shall 
scan for the inquiry access code long enough to completely scan for 16 inquiry 
frequencies. Two types of scans are defined: standard and generalized inter-
laced. In the case of a standard scan the length of this scan period is denoted 
Tw_inquiry_scan (11.25ms default, see HCI [Part E] Section 7.3.22 on page 684). 
The standard scan is performed at a single hop frequency as defined by Xir4-0 
(see Section 2.6.4.6 on page 98). The generalized interlaced scan is per-
formed as two back to back scans of Tw_inquiry_scan where the first scan is on 
the normal hop frequency and the second scan is defined by [Xir4-0 + inter-
lace_offset] mod 32. If the scan interval is not at least twice the scan window 
then generalized interlaced scan shall not be used. The inquiry procedure uses 
32 dedicated inquiry hop frequencies according to the inquiry hopping 
sequence. These frequencies are determined by the general inquiry address. 
The phase is determined by the native clock of the device carrying out the 
inquiry scan; the phase changes every 1.28s.

The interlace_offset value ranges from 0 to 31. The value 16 should be used 
unless the pattern of slots that are not available for scanning implies a different 
value should be used.

Instead of, or in addition to, the general inquiry access code, the device may 
scan for one or more dedicated inquiry access codes. However, the scanning 
shall follow the inquiry scan hopping sequence determined by the general 
inquiry address. If an inquiry message is received during an inquiry wake-up 
period, the device shall enter the inquiry response substate. 

The inquiry scan substate can be entered from the STANDBY state or the 
CONNECTION state. In the STANDBY state, no connection has been estab-
lished and the device can use all the capacity to carry out the inquiry scan. 
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Before entering the inquiry scan substate from the CONNECTION state, the 
device should reserve as much capacity as possible for scanning. If desired, 
the device may place ACL logical transports in Sniff, Hold, or Park. Synchro-
nous logical transports are preferably not interrupted by the inquiry scan, 
although eSCO retransmissions should be paused during the scan. In this 
case, the inquiry scan may be interrupted by the reserved synchronous slots. 
SCO packets should be used requiring the least amount of capacity (HV3 pack-
ets). The scan window, Tw inquiry scan, shall be increased to increase the proba-
bility to respond to an inquiry message. If one SCO logical transport is present 
using HV3 packets and TSCO=6 slots or one eSCO logical transport is present 
using EV3 packets and TESCO=6 slots, a total scan window of at least 36 slots 
(22.5ms) is recommended; if two SCO links are present using HV3 packets 
and TSCO=6 slots or two eSCO links are present using EV3 packets and 
TESCO=6 slots, a total scan window of at least 54 slots (33.75ms) is recom-
mended.

The scan interval Tinquiry scan is defined as the interval between two consecutive 
inquiry scans. The inquiry scan interval shall be less than or equal to 2.56 s.

8.4.2  Inquiry Substate

The inquiry substate is used to discover new devices. This substate is very 
similar to the page substate; the TX/RX timing shall be the same as in paging, 
see Section 2.4.4 on page 82 and Figure 2.7 on page 81. The TX and RX fre-
quencies shall follow the inquiry hopping sequence and the inquiry response 
hopping sequence, and are determined by the general inquiry access code and 
the native clock of the discovering device. In between inquiry transmissions, 
the receiver shall scan for inquiry response messages. When a response is 
received, the entire packet (an FHS packet) shall be read. If the EIR bit in the 
FHS packet is set to one, the device should try to receive the extended inquiry 
response packet 1250μs after the start of the FHS packet. After this, the device 
shall continue with inquiry transmissions. The device in an inquiry substate 
shall not acknowledge the inquiry response messages. If enabled by the Host 
(see HCI [Part E] Section 7.3.50 on page 721), the RSSI value of the inquiry 
response message shall be measured. It shall keep probing at different hop 
channels and in between listening for response packets. As in the page sub-
state, two 10 ms trains A and B are defined, splitting the 32 frequencies of the 
inquiry hopping sequence into two 16-hop parts. A single train shall be 
repeated for at least Ninquiry=256 times before a new train is used. In order to 
collect all responses in an error-free environment, at least three train switches 
must have taken place. As a result, the inquiry substate may have to last for 
10.24 s unless the inquirer collects enough responses and aborts the inquiry 
substate earlier. If desired, the inquirer may also prolong the inquiry substate 
to increase the probability of receiving all responses in an error-prone environ-
ment. When some receive slots are periodically not available, it may require up 
to 31 train switches to collect all responses in an error-free environment, 
depending on the pattern of the available receive slots. Before each switch to 
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train A, knudge may be updated. As a result, the inquiry substate may have to 
last for 40.96s. If an inquiry procedure is automatically initiated periodically 
(say a 10 s period every minute), then the interval between two inquiry 
instances shall be determined randomly. This is done to avoid two devices syn-
chronizing their inquiry procedures.

The inquiry substate is continued until stopped by the Baseband Resource 
Manager (when it decides that it has sufficient number of responses), when a 
timeout has been reached (Inquiry_Length), or by a command from the host to 
cancel the inquiry procedure. In case Extended_Inquiry_Length is different 
from zero, the timeout may be extended to (Inquiry_Length + Extended_Inqui-
ry_Length).

The inquiry substate can be entered from the STANDBY state or the CON-
NECTION state. In the STANDBY state, no connection has been established 
and the device can use all the capacity to carry out the inquiry. Before entering 
the inquiry substate from the CONNECTION state, the device should free as 
much capacity as possible for inquiry. To ensure this, it is recommended that 
the ACL logical transports are placed in Sniff, Hold, or Park. However, the 
reserved slots of synchronous logical transports shall not be disturbed by the 
inquiry. This means that the inquiry will be interrupted by the reserved SCO 
and eSCO slots which have higher priority than the inquiry. In order to obtain as 
much capacity as possible for inquiry, it is recommended to use the SCO pack-
ets which use the least amount of capacity (HV3 packets). If SCO or eSCO 
links are present, the repetition number Ninquiry shall be increased, see Table 
8.4 on page 172.
Here it has been assumed that HV3 packets are used with an interval TSCO=6 
slots or EV3 packets are used with an interval of TESCO=6 slots, which would 
correspond to a 64 kb/s synchronous link. 

If an extended inquiry response packet could not be received because of 
higher priority traffic, the reception failed due to HEC or CRC failure, or 
because the packet type is not supported by the device, the inquiry response 
shall be reported to higher layers as an extended inquiry response with all-zero 
data.

8.4.3  Inquiry Response Substate

The slave response substate for inquiries differs completely from the slave 
response substate applied for pages. When the inquiry message is received in the 
inquiry scan substate, the recipient shall return an inquiry response (FHS) packet 
containing the recipient's device address (BD_ADDR) and other parameters. If the 

No synchronous 
links 

One synchronous link 
(HV3)

Two synchronous links 
(HV3)

Ninquiry ≥ 256 ≥ 512 ≥ 768

Table 8.4:  Increase of train repetition when synchronous links are present
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recipient has non-zero extended inquiry response data to send it shall return an 
extended inquiry response packet after the FHS packet.

The following protocol in the slave's inquiry response shall be used. On the 
first inquiry message received in the inquiry scan substate the slave shall enter 
the inquiry response substate. If the slave has non-zero extended inquiry 
response data to send it shall return an FHS packet with the EIR bit set to one 
to the master 625μs after the inquiry message was received. It shall then return 
an extended inquiry response packet 1250μs after the start of the FHS packet. 
If the slave's extended inquiry response data is all zeroes the slave shall only 
return an FHS packet with the EIR bit set to zero. A contention problem could 
arise when several devices are in close proximity to the inquiring device and all 
respond to an inquiry message at the same time. However, because every 
device has a free running clock it is highly unlikely that they all use the same 
phase of the inquiry hopping sequence. In order to avoid repeated collisions 
between devices that wake up in the same inquiry hop channel simultaneously, 
a device shall back-off for a random period of time. Thus, if the device receives 
an inquiry message and returns an FHS packet, it shall generate a random 
number, RAND, between 0 and MAX_RAND. For scanning intervals ≥ 1.28s 
MAX_RAND shall be 1023, however, for scanning intervals < 1.28s MAX-
_RAND may be as small as 127. A profile that uses a special DIAC may 
choose to use a smaller MAX_RAND than 1023 even when the scanning inter-
val is ≥ 1.28s. The slave shall return to the CONNECTION or STANDBY state 
for the duration of at least RAND time slots. Before returning to the CONNEC-
TION and STANDBY state, the device may go through the page scan sub-
state. After at least RAND slots, the device shall add an offset of 1 to the phase 
in the inquiry hop sequence (the phase has a 1.28 s resolution) and return to 
the inquiry scan substate again. If the slave is triggered again, it shall repeat 
the procedure using a new RAND. The offset to the clock accumulates each 
time an FHS packet is returned. During a probing window, a slave may respond 
multiple times, but on different frequencies and at different times. Reserved 
synchronous slots should have priority over response packets; that is, if a 
response packet overlaps with a reserved synchronous slot, it shall not be sent 
but the next inquiry message is awaited. If a device has extended inquiry 
response data to send but the extended inquiry response packet overlaps with 
a reserved synchronous slot the FHS packet may be sent with the EIR bit set to 
zero.

The messaging during the inquiry routines is summarized in Table 8.5 on page 
174. In step 1, the master transmits an inquiry message using the inquiry 
access code and its own clock. The slave responds with the FHS packet con-
taining the slave’s Bluetooth device address, native clock and other slave infor-
mation. This FHS packet is returned at times that tend to be random. The FHS 
packet is not acknowledged in the inquiry routine, but it is retransmitted at other 
times and frequencies as long as the master is probing with inquiry messages. 
If the slave has non-zero extended inquiry response data it sends an extended 
inquiry response packet to the master in step 3. 
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The extended inquiry response packet is an ACL packet with type DM1, DM3, 
DM5, DH1, DH3 or DH5. To minimize interference it is recommended to use 
the shortest packet that fits the data. The packet shall be sent on the same fre-
quency as the FHS packet, 1250 μs after the start of the FHS packet. In the 
packet header, LT_ADDR shall be set to zero. TYPE shall be one of DM1, 
DM3, DM5, DH1, DH3 or DH5. FLOW, ARQN and SEQN shall all be set to 
zero and ignored during receipt. The HEC LFSR shall be initialized with the 
same DCI (default check initialization) as for the FHS packet. In the payload 
header, LLID shall contain the value 10 (start of an L2CAP message or no frag-
mentation). FLOW shall be set to zero and ignored upon receipt. The length of 
the payload body (LENGTH) shall be smaller than or equal to 240 bytes. The 
CRC LFSR shall be initialized with the same DCI as for the FHS packet. The 
data whitening LFSR shall be initialized with the same value as for the FHS 
packet.

The payload data has two parts, a significant part followed by a non-significant 
part. The significant part contains a sequence of data structures as defined in 
[Vol. 3, Part C] Section 8 on page 345. The non-significant part contains all-
zero octets.

The baseband shall not change any octets in the significant part. When trans-
mitting data, the non-significant part octets may be omitted from the payload.

A device shall store a single extended inquiry response packet. This packet 
shall be used with all IACs.

8.5   CONNECTION STATE

In the CONNECTION state, the connection has been established and packets 
can be sent back and forth, with the exception of connectionless slave broad-
cast mode, in which case packets are only sent from the master. In both 
devices, the channel (master) access code, the master's Bluetooth clock, and 

Step Message Packet
Type Direction Hopping

Sequence
Access Code 
and Clock

1  Inquiry  ID master to slave inquiry inquiry

2 Inquiry response FHS slave to master inquiry 
response inquiry

3 Extended Inquiry 
Response

DM1, 
DM3, 
DM5, 
DH1, 
DH3, 
DH5

slave to master inquiry 
response *

inquiry

Table 8.5:  Messaging during inquiry routines 
* The extended inquiry response packet is sent on the same frequency as the inquiry 

response (FHS) packet.
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the AFH_channel_map are used. CONNECTION state uses the basic or 
adapted channel hopping sequence.

There are two ways to enter the CONNECTION state. A device can transition 
from the page/page scan substates to the CONNECTION state or directly from 
the STANDBY state to the connectionless slave broadcast mode of the CON-
NECTION state. 

If a device enters from the page/page scan substates, the CONNECTION state 
starts with a POLL packet sent by the master to verify the switch to the mas-
ter’s timing and channel frequency hopping. The slave may respond with any 
type of packet. If the slave does not receive the POLL packet or the master 
does not receive the response packet for newconnectionTO number of slots, 
both devices shall return to page/page scan substates. 

The first information packets in the CONNECTION state contain control mes-
sages that characterize the link and give more details regarding the devices. 
These messages are exchanged between the link managers of the devices. 
For example, they may define the SCO logical transport and the sniff parame-
ters. Then the transfer of user information can start by alternately transmitting 
and receiving packets.

The CONNECTION state is left through a detach or reset command. The 
detach command is used if the link has been disconnected in the normal way; 
all configuration data in the link controller shall remain valid. The reset com-
mand is a soft reset of the link controller. The functionality of the soft reset is 
described in [Part E] Section 7.3.2 on page 653.

In the CONNECTION state, if a device is not going to be nominally present on 
the channel at all times it may describe its unavailability by using sniff mode or 
hold mode (see Figure 8.7 on page 175).

If a device enters the connectionless slave broadcast mode of the 
CONNECTION state, the master starts by sending packets on the CSB logical 
transport and the slave starts by receiving packets sent on the CSB logical 
transport.

Figure 8.7:  Connection state 

PARK
State

CONNECTION State
Connectionless 
Slave Broadcast

Mode

Sniff
Mode

Hold
Mode

Active
Mode
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9  AUDIO 

On the air-interface, either a 64 kb/s log PCM (Pulse Code Modulation) format 
(A-law or μ-law) may be used, or a 64 kb/s CVSD (Continuous Variable Slope 
Delta Modulation) may be used. The latter format applies an adaptive delta 
modulation algorithm with syllabic companding.

The voice coding on the line interface is designed to have a quality equal to or 
better than the quality of 64 kb/s log PCM.

Table 9.1 on page 210 summarizes the voice coding schemes supported on 
the air interface. The appropriate voice coding scheme is selected after negoti-
ations between the Link Managers.

9.1   LOG PCM CODEC

Since the synchronous logical transports on the air-interface can support a 64 
kb/s information stream, a 64 kb/s log PCM traffic can be used for transmis-
sion. Either A-law or μ-law compression may be applied. In the event that the 
line interface uses A-law and the air interface uses μ-law or vice versa, a con-
version from A-law to μ-law shall be performed. The compression method shall 
follow ITU-T recommendations G. 711.

9.2   CVSD CODEC

A more robust format for voice over the air interface is delta modulation. This 
modulation scheme follows the waveform where the output bits indicate 
whether the prediction value is smaller or larger than the input waveform. To 
reduce slope overload effects, syllabic companding is applied: the step size is 
adapted according to the average signal slope. The input to the CVSD encoder 
shall be 64 ksamples/s linear PCM (typically 16 bits, but actual value is imple-
mentation specific). Block diagrams of the CVSD encoder and CVSD decoder 
are shown in Figure 9.1 on page 211, Figure 9.2 on page 211 and Figure 9.3 on 
page 211. The system shall be clocked at 64 kHz. 

Voice Codecs

linear CVSD

8-bit logarithmic
A-law

μ-law

Table 9.1:  Voice coding schemes supported on the air interface 



Audio 03 December 2013

BLUETOOTH SPECIFICATION Version 4.1 [Vol 2] page 211 of 1354

Baseband Specification

Figure 9.1:  Block diagram of CVSD encoder with syllabic companding

Figure 9.2:  Block diagram of CVSD decoder with syllabic companding

Figure 9.3:  Accumulator procedure

Let  for , otherwise . On air these numbers shall be 
represented by the sign bit; i.e. negative numbers are mapped on “1” and posi-
tive numbers are mapped on “0”.

Denote the CVSD encoder output bit , the encoder input , the accumu-
lator contents , and the step size . Furthermore, let h be the decay fac-
tor for the accumulator, let β denote the decay factor for the step size, and, let α 
be the syllabic companding parameter. The latter parameter monitors the slope 
by considering the K most recent output bits

Let 

(EQ 14)

Then, the CVSD encoder internal state shall be updated according to the fol-
lowing set of equations:

Accumulator Step size
control

b k( )

δ k( )

x̂ k 1–( )

+
-

x k( )

AccumulatorStep size
control δ k( )

b k( )

x̂ k 1–( )

D Sat.⊕⊗ ⊗

b k( )

δ k( )

h

ŷ k( ) y k 1–( )ŷ k 1–( )
x̂ k 1–( )

sgn x( ) 1= x 0≥ sgn x( ) 1–=

b k( ) x k( )
y k( ) δ k( )

x̂ k( ) hy k( ).=
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(EQ 15)

(EQ 16)

(EQ 17)

(EQ 18)

where

(EQ 19)

In these equations, δmin and δmax are the minimum and maximum step sizes, 
and, ymin and ymax are the accumulator’s negative and positive saturation val-
ues, respectively. Over air, the bits shall be sent in the same order they are 
generated by the CVSD encoder.

For a 64 kb/s CVSD, the parameters as shown in Table 9.2 shall be used. The 
numbers are based on a 16 bit signed number output from the accumulator. 
These values result in a time constant of 0.5 ms for the accumulator decay, and 
a time constant of 16 ms for the step size decay

Parameter Value

h

β

J 4

K 4

δmin 10

δmax 1280

ymin  or 

ymax

Table 9.2:  CVSD parameter values. The values are based on a 16 bit signed number output 
from the accumulator

b k( ) sgn x k( ) x̂ k 1–( )–{ },=

α
1, if J bits in the last K output bits are equal,
0, otherwise,

=

δ k( )
δ k 1–( ) δmin+ δmax,{ },min α 1,=

βδ k 1–( ) δmin,{ }max , α 0,=
=

y k( )
ŷ k( ) ymax,{ },min ŷ k( ) 0.≥

ŷ k( ) ymin,{ },max ŷ k( ) 0.<
=

ŷ k( ) x̂ k 1–( ) b k( )δ k( )+= .

1 1
32
------–

1 1
1024
------------–

215– 215– 1+

215 1–
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9.3   ERROR HANDLING

In the DV, HV3, EV3, EV5, 2-EV3, 3-EV3, 2-EV5 and 3-EV5 packets, the voice 
is not protected by FEC. The quality of the voice in an error-prone environment 
then depends on the robustness of the voice coding scheme and, in the case of 
eSCO, the retransmission scheme. CVSD, in particular, is rather insensitive to 
random bit errors, which are experienced as white background noise. However, 
when a packet is rejected because either the channel access code, the HEC 
test was unsuccessful, or the CRC has failed, measures have to be taken to 
“fill” in the lost speech segment. 

The voice payload in the HV2 and EV4 packets are protected by a 2/3 rate 
FEC. For errors that are detected but cannot be corrected, the receiver should 
try to minimize the audible effects. For instance, from the 15-bit FEC segment 
with uncorrected errors, the 10-bit information part as found before the FEC 
decoder should be used. The HV1 packet is protected by a 3 bit repetition FEC. 
For this code, the decoding scheme will always assume zero or one-bit errors. 
Thus, there exist no detectable but uncorrectable error events for HV1 packets.

9.4   GENERAL AUDIO REQUIREMENTS

9.4.1  Signal Levels

For A-law and μ-law log-PCM encoded signals the requirements on signal lev-
els shall follow the ITU-T recommendation G.711.

Full swing at the 16 bit linear PCM interface to the CVSD encoder is defined to 
be 3 dBm0. 

9.4.2  CVSD Audio Quality

For Bluetooth audio quality the requirements are put on the transmitter side. 
The 64 ksamples/s linear PCM input signal should have negligible spectral 
power density above 4 kHz. The power spectral density in the 4-32 kHz band of 
the decoded signal at the 64 ksamples/s linear PCM output, should be more 
than 20 dB below the maximum in the 0-4 kHz range. 




