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When the baseband acknowledgement is not received prior to the AFH_Instant
the master shall use a recovery hop sequence for the slave(s) that did not
respond with an acknowledgement (this may be because the slave did not hear
the master’s transmission or the master did not hear the slave’s transmission).
When hop sequence adaptation is heina enahled or disahled the recovery
sequence shall be the AFH_channe

When the AFH_channel_map is be

recovery sequence that includes all

either the old or new AFH_channel_iniap, .. ANS(19). UIILE UIE Dasevdnu
acknowledgement is received the master shall use the AFH_channel_map in
the LMP_set_AFH PDU starting with the next transmission to the slave. See
Figure 8.10 on page 179.

AFH_Instant
AFHCMD
Master |—| | » t
ACK
Slave ? ? l > t
Hop Seque_nce Non-AFS AFS(A)
(Enabling)
Hop Sequence =
(Disabling) bils) hon-Aks
HOD Sequence AHS(A) R AHS
. ecove (B)
(Updating) Sequenge)(

Figure 8.10: Recovery hop sequences

When the AFH_Instant occurs durir

IO ] U2 L LT G W U T T2 L POV L, S AT T T W LIRS 12 D211 VY L

Figure 8.11 on page 180. In this figure the basic channel hopping sequence is
designated f. The first adapted channel hopping sequence is designated with f,
and the second adapted channel hopping sequence is designated .
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Figure 8.11: AFH_Instant changes during multi-slot packets transmitted by the master.
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8.6.8 Channel classification and channel map selection

RF channels are classified as being unknown, bad or good. These classifica-
tions are determined individually by the master and slaves based on local infor-
mation (e.g. active or passive channel assessment methods or from the Host
via HCI). Information received from other devices via LMP (e.g. an
AFH_channel_map from a master or a channel classification report from a
slave) shall not be included in a device’s channel classification.

The three possible channel classifications shall be as defined in Table 8.6 on

page 181.

Classification

Definition

unknown

bad

good

A channel shall be classified as unknown if the channel assessment mea-
surements are insufficient to reliably classify the channel, and the channel
is not marked as bad in the most recent HCI
Set_AFH_Channel_Classification.

A channel may be classified as bad if an ACL or synchronous throughput
failure measure associated with it has exceeded a threshold (defined by
the particular channel assessment algorithm employed).

A channel may also be classified as bad if an interference-level measure
associated with it, determining the interference level that the link poses
upon other systems in the vicinity, has exceeded a threshold (defined by
the particular channel assessment algorithm employed).

A channel shall be classified as bad when it is marked as bad in the most
recent HCI Set AFH_Channel_Classification command.

A channel shall be classified as good if it is not either unknown or bad.

Table 8.6: Channel classification descriptions

A master with AFH enabled physical links shall determine an
AFH_channel_map based on any combination of the following information:

+ Channel classification from local measurements (e.g. active or passive
channel assessment in the Controller), if supported and enabled. The Host
may enable or disable local measurements using the HCI
Write_AFH_Channel_Classification_Mode command, defined in the HCI
Functional Specification [Part E] Section 7.3.58 on page 537 if HCl is

present.

« Channel classification information from the Host using the HCI
Set_AFH_channel_classification command, defined in the HCI| Functional
Specification [Part E] Section 7.3.58 on page 537 if HCl is present. Channels
classified as bad in the most recent AFH_Host _Channel_Classification shall
be marked as unused in the AFH_channel_map.

+ Channel classification reports received from slaves in
LMP_channel_classification PDUs, defined in the LMP Specification [Part C]
Section 4.1.5 on page 240.
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The algorithm used by the master to combine these information sources and
generate the AFH_channel_map is not defined in the specification and will be
implementation specific. At no time shall the number of channels used be less
than N,,;,, defined in Section 2.3.1 on page 75.

If a master that determines that all channels should be used it may keep AFH
operation enabled using an AFH_channel_map of 79 used channels, i.e.
AHS(79).

8.6.9 Power Management

Features are provided to allow low-power operation. These features are both at
the microscopic level when handling the packets, and at the macroscopic level
when using certain operation modes.

8.6.9.1 Packet handling

In order to minimize power consumption, packet handling is minimized both at
TX and RX sides. At the TX side, power is minimized by only sending useful
data. This means that if only link control information needs to be exchanged,
NULL packets may be used. No transmission is required if there is no link con-
trol information to be sent, or if the transmission would only involve a NAK
(NAK is implicit on no reply). If there is data to be sent, the payload length shall
be adapted in order to send only the valid data bytes. At the RX side, packet
processing takes place in different steps. If no valid access code is found in the
search window, the transceiver may return to sleep. If an access code is found,
the receiver device shall start to process the packet header. If the HEC fails,
the device may return to sleep after the packet header. A valid header indicates
if a payload will follow and how many slots are involved.

8.6.9.2 Slot occupancy

As was described in Section 6.5 on page 118, the packet type indicates how
many slots a packet may accupy. A slave not addressed in the packet header
may go to sleep for the remaining slots the packet occupies. This can be read
from the TYPE code.

8.6.9.3 Recommendations for low-power operation

The most common and flexible methods for reducing power consumption are
the use of sniff and park. Hold can also be used by repeated negotiation of hold
periods.
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8.6.9.4 Enhanced Data Rate

Enhanced Data Rate provides power saving because of the ability to send a
given amount of data in either fewer packets or with the same (or similar) num-
ber of packets but with shorter payloads.

8.7 SNIFF MODE

In sniff mode, the duty cycle of the slave’s activity in the piconet may be
reduced. If a slave is in active mode on an ACL logical transport, it shall listen
in every ACL slot to the master traffic, unless that link is being treated as a
scatternet link or is absent due to hold mode. With sniff mode, the time slots
when a slave is listening are reduced, so the master shall only transmit to a
slave in specified time slots. The sniff anchor points are spaced regularly with
an interval of Tg,if

Sniff interval (Tsniff)

master-to-slave | slave-to-master, master-to-slave | slave-to-master master-to-slave
slot slot slot slot slot

| ]

Sniff anchor point Sniff anchor point

slave-to-master
slot

Figure 8.12: Sniff anchor points

The slave listens in master-to-slave transmission slots starting at the sniff anchor

point. It shall use the following rules to determine whether to continue listening:

* Iffewer than Ngpif attempt Master-to-slave transmission slots have elapsed
since the sniff anchor point then the slave shall continue listening.

« |f the slave has received a packet with a matching LT_ADDR that contains
ACL data (DM, DH, DV, or AUX1 packets) in the preceding Ngjif timeout Mas-
ter-to-slave transmission slots then it shall continue listening.

« |f the slave has transmitted a packet containing ACL data (DM, DH, DV, or
AUX1 packets) in the preceding Ngpifr timeout Slave-to-master transmission
slots then it shall continue listening.

« |f the slave has received any packet with a matching LT _ADDR in the pre-
ceding Ngpiff timeout Master-to-slave transmission slots then it may continue
listening.

« A device may override the rules above and stop listening prior to Ngpif timeout
or the remaining Ngyiff attempt SlOts if it has activity in another piconet.

It is possible that activity from one sniff timeout may extend to the next sniff
anchor point. Any activity from a previous sniff timeout shall not affect activity
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after the next sniff anchor point. So in the above rules, only the slots since the
last sniff anchor point are considered.

Note that Ngyiff attempt =1 @nd Ngpif timeout =0 Cause the slave to listen only at

the slot beginning at the sniff anchor point, irrespective of packets received
from the master.

Nsniff attempt =0 Shall not be used.

Sniff mode only applies to asynchronous logical transports and their associated
LT_ADDR. sniff mode shall not apply to synchronous logical transports, there-
fore, both masters and slaves shall still respect the reserved slots and retrans-
mission windows of synchronous links.

To enter sniff mode, the master or slave shall issue a sniff command via the LM
protocol. This message includes the sniff interval 7, and an offset Dgi In
addition, an initialization flag indicates whether initialization procedure 1 or 2
shall be used. The device shall use initialization 1 when the MSB of the current
master clock (CLK,7) is 0; it shall use initialization 2 when the MSB of the cur-
rent master clock (CLK,7) is 1. The slave shall apply the initialization method
as indicated by the initialization flag irrespective of its clock bit value CLKo7.
The sniff anchor point determined by the master and the slave shall be initial-
ized on the slots for which the clock satisfies the applicable equation:

CLK37.41 mod Tgpifr = Degpifs for initialization 1
(CLK57,CLKg.1) mod Tgpift = Dgnifs for initialization 2
this implies that Dg,; must be even

After initialization, the clock value CLK(k+1) for the next sniff anchor point shall
be derived by adding the fixed interval T, to the clock value of the current
sniff anchor point:

CLK(k+1) = CLK(K) + Tgpifr

8.7.1 Sniff Transition Mode

Sniff transition mode is a special mode which is used during the transition
between sniff and active mode. It is required because during this transition it is
unclear which mode (Sniff or Active) the slave is in and it is necessary to
ensure that the slave is polled correctly regardless of which mode it is in.

In sniff transition mode the master shall maintain the active mode poll interval
in case the slave is in active mode. In addition the master shall poll the slave at
least once in the sniff attempt transmit slots starting at each sniff instant: note
that this transmission counts for the active mode polling as well. The master
must use its high power accurate clock when in Sniff Transition Mode.
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The precise circumstances under which the master enters Sniff Transition
Mode are defined in [Part C] Section 4.5.3.1 on page 279.

8.8 HOLD MODE

During the CONNECTION state, the ACL logical transport to a slave can be put
in a hold mode. In hold mode the slave temporarily shall not support ACL
packets on the channel. Any synchronous packet during reserved synchronous
slots (from SCO and eSCO links) shall be supported. With the hold mode,
capacity can be made free to do other things like scanning, paging, inquiring, or
attending another piconet. The device in hold mode can also enter a low-
power sleep mode. During hold mode, the slave device keeps its logical trans-
port address(es) (LT_ADDR).

Prior to entering hold mode, master and slave agree on the time duration the
slave remains in hold mode. A timer shall be initialized with the haldTO value.
When the timer is expired, the slave shall wake up, synchronize to the traffic on
the channel and will wait for further master transmissions.

8.9 PARK STATE

When a slave does not need to participate on the piconet channel, but still
needs to remain synchronized to the channel, it can enter PARK state. PARK
state is a state with very little activity in the slave. In the PARK state, the slave
shall give up its logical transport address LT_ADDR. Instead, it shall receive
two new addresses to be used in the PARK state

« PM_ADDR: 8-hit Parked Member Address
« AR _ADDR: 8-hit Access Request Address

The PM_ADDR distinguishes a parked slave from the other parked slaves.
This address may be used in the master-initiated unpark procedure. In addition
to the PM_ADDR, a parked slave may also be unparked by its 48-bit
BD_ADDR. The all-zero PM_ADDR is a reserved address: if a parked device
has the all-zero PM_ADDR it can only be unparked by the BD_ADDR. In that
case, the PM_ADDR has no meaning. The AR_ADDR shall be used by the
slave in the slave-initiated unpark procedure. All messages sent to the parked
slaves are carried by broadcast packets.

The parked slave wakes up at regular intervals to listen to the channel in order
to re-synchronize and to check for broadcast messages. To support the syn-
chronization and channel access of the parked slaves, the master supports a
beacon train described in the next section. The beacon structure is communi-
cated to the slave when it is parked. When the beacon structure changes, the
parked slaves are updated through broadcast messages.

The master shall maintain separate non-overlapping park beacon structures for
each hop sequence. The beacon structures shall not overlap either their bea-
con slots or access windows.
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In addition for using it for low power consumption, park is used to connect more
than seven slaves to a single master. At any one time, only seven slaves can be
in the CONNECTION state. However, by swapping active and parked slaves out
respectively in the piconet, the number of slaves can be much larger (255 if the

PM_ADDR is used, and an arbitrarily large number if the BD_ADDR is used).

8.9.1 Beacon train

To support parked slaves, the master establishes a beacon train when one or
more slaves are parked. The beacon train consists of one beacon slot or a train
of equidistant beacon slots which is transmitted periodically with a constant
time interval. The beacon train is illustrated in Figure 8.13 on page 188. A train
of Ng (Ng = 1) beacon slots is defined with an interval of Tg slots. The beacon

slots in the train are separated by Ag. The start of the first beacon slot is

referred to as the beacon instant and serves as the beacon timing reference.
The beacon parameters Ng and Tg are chosen such that there are sufficient

beacon slots for a parked slave to synchronize to during a certain time window
in an error-prone environment.

When parked, the slave shall receive the beacon parameters through an LMP
command. In addition, the timing of the beacon instant is indicated through the
offset Dg. As with the SCO logical transport (see Section 8.6.2 on page 169),

two initialization procedures 1 or 2 are used. The master shall use initialization
1 when the MSB of the current master clock (CLK,7) is 0; it shall use initializa-

tion 2 when the MSB of the current master clock (CLK57) is 1. The chosen ini-

tialization procedure shall also be carried by an initialization flag in the LMP
command. The slave shall apply the initialization method as indicated by the
initialization flag irrespective of its clock bit CLK57. The master-to-slave slot

positioned at the beacon instant shall be initialized on the slots for which the
clock satisfies the applicable equation:

CLKy7.4 mod Tg = Dg for initialization 1
(CLK57,CLKyg.1) mod Tg = Dg for initialization 2
this implies that DB will be even

After initialization, the clock value CLK(k+1) for the next beacon instant shall be
derived by adding the fixed interval Tg to the clock value of the current beacon
instant:

CLK(k+1) = CLK(K) + Tg

The beacon train serves four purposes:

1. transmission of master-to-slave packets which the parked slaves can use for
re-synchronization

2. carrying messages to the parked slaves to change the beacon parameters
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3. carrying general broadcast messages to the parked slaves

4. unparking of one or more parked slaves
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Since a slave can synchronize to any packet which is preceded by the proper
channel access code, the packets carried on the beacon slots do not have to
contain specific broadcast packets for parked slaves to be able to synchronize;
any packet may be used. The only requirement placed on the beacon slots is
that there is a master-to-slave transmission present on the hopping sequence
associated with the park structure. If there is no information to be sent, NULL
packets may be transmitted by the master. If there is indeed broadcast informa-
tion to be sent to the parked slaves, the first packet of the broadcast message
shall be repeated in every beacon slot of the beacon train. However, synchro-
nous traffic in the synchronous reserved slots may interrupt the beacon transmis-
sion if it is on the same hopping sequence as the parked slaves. The master
shall configure its park beacon structure so that reserved slots of synchronous
logical transports do not cause slaves to miss synchronization on a beacon slot.
For example, a master that has active slaves using AHS, and parked slaves
using Non-AHS shall ensure that the Park beacons cannot be interrupted by
AHS synchronous reserved slots.

beacon instant
NB 1 2
"M m
[ I
1 [
[N I

SN A ‘

-

> beacon slots

Figure 8.13: General beacon train format

The master can place parked slaves in any of the AFH operating modes, but
shall ensure that all parked slaves use the same hop sequence. Masters should
use AHS(79) or AHS when all the slaves in the Piconet are AFH capable.

A master that switches a slave between AFH enabled, AFH disabled or
AHS(79) operation shall ensure that the AFH_Instant occurs before transmis-
sion of the beacon train using this hop sequence.

The master communicates with parked slaves using broadcast messages.
Since these messages can be time - critical, an ongoing repetition train of
broadcast message may be prematurely aborted by broadcast information des-
tined to parked slaves in beacon slots and in access windows (see Section
8.9.2 on page 189).
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8.9.2 Beacon access window

In addition to the beacon slots, an access window is defined where the parked
slaves can send requests to be unparked. To increase reliability, the access
window may be repeated M,pess times (Mgcess =1), S€€ Figure 8.14 on page

189. The access window starts a fixed delay D,...ss after the beacon instant.
The width of the access window i8S Taopess-

access window 1 access window 2 access window |\
access

| - - |

~
—

D T
access access

beacon instant

Figure 8.14: Definition of access window

The access window supports a polling slave access technique. The format of
the polling technique is shown in Figure 8.15 on page 189. The same TDD
structure is used as on the piconet channel, i.e. master-to-slave transmission is
alternated with slave-to-master transmission. The slave-to-master slot is
divided into two half slots of 312.5 pus each. The half slot a parked slave is
allowed to respond in corresponds to its access request address (AR_ADDR),
see also section 8.9.6 on page 192. For counting the half slots to determine the
access request slot, the start of the access window is used, see Figure 8.15 on
page 189. The slave shall only send an access request in the proper slave-to-
master half slot if a broadcast packet has been received in the preceding mas-
ter-to-slave slot. In this way, the master polls the parked slaves.

master-to-slave slot | slave-to-master slot

4

=1
R=2

AR_ADDI
AR_ADDR=3
AR_ADDR=5

broadcast
packet

broadcast
packet

broadcast
packet

| AR ApOR

I AR ADDR

=

N

ID packets

|
|
A 625 us 3125 s
- Start of access window

Figure 8.15: Access procedure applying the polling technique.

The slots of the access window may also be used for traffic on the piconet if
required. For example, if a synchronous connection has to be supported, the
slots reserved for the synchronous link may carry synchronous information
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instead of being used for access requests, i.e. if the master-to-slave slot in the
access window contains a packet different from a broadcast packet, the follow-
ing slave-to-master slot shall not be used for slave access requests. If the mas-
ter transmits a broadcast packet in the access window then it shall use the hop
sequence associated with the park structure. Slots in the access window not
affected by piconet traffic may still be used according to the defined access
structure, (an example is shown in Figure 8.16 on page 190) the access proce-
dure shall be continued as if no interruption had taken place.

When the slave is parked, the master shall indicate what type of access
scheme will be used. For the polling scheme, the number of slave-to-master
access slots Nj¢¢ g0t is indicated.

master-to-slave slot : slave-to-master slot | ! !
|

5

AR_ADDR=2

B 1
AR_ADDR=5

AR_ADDR

master SCO slave SCO broadcast
packet packet packet

broadcast
packet

1
N
|

T
I
I
|
=

625 ps 3125 pus

Figure 8.16: Disturbance of access window by SCO traffic

By default, the access window is always present. However, its activation
depends on the master sending broadcast messages to the slave at the appro-
priate slots in the access window. A flag in a broadcast LMP message within
the beacon slots may indicate that the access window(s) belonging to this
instant will not be activated. This prevents unnecessary scanning of parked
slaves that want to request access.

8.9.3 Parked slave synchronization

Parked slaves wake up periodically to re-synchronize to the channel. Any
packet exchanged on the channel can be used for synchronization. Since mas-
ter transmission is mandatory on the beacon slots, parked slaves will use the
beacon train to re-synchronize. A parked slave may wake-up at the beacon
instant to read the packet sent on the first beacon slot. If this fails, it may retry
on the next beacon slot in the beacon train; in total, there are Ng opportunities
per beacon instant to re-synchronize. During the search, the slave may
increase its search window, see also Sectian 2.2.5.2 on page 74. The separa-
tion between the beacon slots in the beacon train Ag shall be chosen such that

consecutive search windows will not overlap.

The parked slave may not wake up at every beacon instant. Instead, a sleep
interval may be applied which is longer than the beacon interval Tg, see Figure

8.17 on page 191. The slave sleep window shall be a multiple Ng gjeep Of Tp.
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The precise beacon instant the slave may wake up on shall be indicated by the
master with Dg gjeep Which indicates the offset (in multiples of Tg) with respect

to the beacon instant (0< Dg_sjeep<NB_sieep~1)- TO initialize the wake-up period,
the applicable equation shall be used:

CLK27_1 mod (NB_s/eep . TB) = DB + DB_sIeep . TB for initialization 1
(CLK27,CLK26_1) mod (NB_sIeep ° TB) = DB+ DB_sIeep L] TB for initialization 2

where initialization 1 shall be chosen by the master if the MSB in the current
master clock is 0 and initialization 2 shall be chosen by the master if the MSB in
the current master clock is 1.

When the master needs to send broadcast messages to the parked slaves, it
may use the beacon slots for these broadcast messages. However, if Ng<Npg,
the slots following the last beacon slot in the beacon train shall be used for the
remaining Ngc-Ng broadcast packets. If Ng>Ng, the broadcast message shall
be repeated on all Ng beacon slots.

A parked slave shall read the broadcast messages sent in the beacon slot(s) it
wakes up in. If the parked slave wakes up, the minimum wake-up activity shall
be to read the channel access code for re-synchronization and the packet
header to check for broadcast messages.

beacon instant ~

master :—i :—E Ei l—i
H il Hi ! t

Iscan Iscan

slave sleep §| sleep

Figure 8.17: Extended sleep interval of parked slaves.

8.9.4 Parking

A master can park an active slave through the exchange of LMP commands.
Before being put into park, the slave shall be assigned a PM_ADDR and an
AR_ADDR. Every parked slave shall have a unique PM_ADDR or a
PM_ADDR of 0. The AR_ADDR is not necessarily unique. The beacon param-
eters shall be given by the master when the slave is parked. The slave shall
then give up its LT_ADDR and shall enter PARK state. A master can park only
a single slave at a time. The park message is carried with a normal data packet
and addresses the slave through its LT_ADDR.
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8.9.5 Master-initiated unparking

The master can unpark a parked slave by sending a dedicated LMP unpark
command including the parked slave’s address. This message shall be sentin
a broadcast packet on the beacon slots. The master shall use either the slave’s
PM_ADDR, or its BD_ADDR. The message also includes the logical transport
address LT_ADDR the slave shall use after it has re-entered the piconet. The
unpark message may include a number of slave addresses so that multiple
slaves may be unparked simultaneously. For each slave, a different LT_ADDR
shall be assigned.

After having received the unpark message, the parked slave matching the
PM_ADDR or BD_ADDR shall leave the PARK state and enter the CONNEC-
TION state. It shall keep listening to the master until it is addressed by the mas-
ter through its LT_ADDR. The first packet sent by the master shall be a POLL
packet. The return packet in response to the POLL packet confirms that the
slave has been unparked. If no response packets from the slave is received for
newconnectionTO number of slots after the end of beacon repetition period,
the master shall unpark the slave again. The master shall use the same
LT_ADDR on each unpark attempt until it has received a link supervision time-
out for that slave or the unpark has completed successfully. If the slave does
not receive the POLL packet for newconnectionTO number of slots after the
end of beacon repetition period, it shall return to park, with the same beacon
parameters. After confirming that the slave is in the CONNECTION state, the
master decides in which mode the slave will continue.

When a device is unparked, the SEQN bit for the link shall be reset to 1 on both
the master and the slave (see Section 7.6.2.1 on page 148).

8.9.6 Slave-initiated unparking

A slave can request access to the channel through the access window defined
in section 8.9.2 on page 189. As shown in Figure 8.15 on page 189, the access
window includes several slave-to-master half slots where the slave may send
an access request message. The specific half slot the slave is allowed to
respond in, corresponds to its access request address (AR_ADDR) which it
received when it was parked. The order of the half slots (in Figure 8.15 the
AR_ADDR numbers linearly increase from 1 to 5) is not fixed: an LMP com-
mand sent in the beacon slots may reconfigure the access window. When a
slave desires access to the channel, it shall send an access request message
in the proper slave-to-master half slot. The access request message of the
slave is the ID packet containing the device access code (DAC) of the master
(which is the channel access code without the trailer). The parked slave shall
only transmit an access request message in the half slot, when in the preced-
ing master-to-slave slot a broadcast packet has been received. This broadcast
message may contain any kind of broadcast information not necessarily related
to the parked slave(s). If no broadcast information is available, a broadcast
NULL or broadcast POLL packet shall be sent.
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After having sent an access request, the parked slave shall listen for an unpark
message from the master. As long as no unpark message is received, the
slave shall repeat the access requests in the subsequent access windows.
After the last access window (there are M ..0ss Windows in total, see Section
8.9.2 on page 189), the parked slave shall listen for an additional N, time
slots for an unpark message. If no unpark message is received within N,
slots after the end of the last access window, the slave may return to sleep and
retry an access attempt after the next beacon instant.

After having received the unpark message, the parked slave matching the
PM_ADDR or BD_ADDR shall leave the PARK state and enter the CONNEC-
TION state. It shall keep listening to the master until it is addressed by the master
through its LT_ADDR. The first packet sent by the master shall be a POLL
packet. The return packet in response to the POLL packet confirms that the slave
has been unparked. After confirming that the slave is in the CONNECTION state,
the master decides in which mode the slave will continue. If no response packet
from the slave is received for newconnectionTO number of slots after N, slots
after the end of the last access window, the master shall send the unpark mes-
sage to the slave again. If the slave does not receive the POLL packet for new-
connectionTO number of slots after N, slots after the end of the last access

window, it shall return to park, with the same beacon parameters.

When a device is unparked, the SEQN bit for the link shall be reset to 1 on both
the master and the slave (see Section 7.6.2.1 on page 148).

8.9.7 Broadcast scan window

In the beacon train, the master can support broadcast messages to the parked
slaves. However, it may extend its broadcast capacity by indicating to the parked
slaves that more broadcast information is following after the beacon train. This is
achieved by an LMP command ordering the parked slaves (as well as the active
slaves) to listen to the channel for broadcast messages during a limited time win-
dow. This time window starts at the beacon instant and continues for the period
indicated in the LMP command sent in the beacon train.

8.9.8 Polling in the park state

In the PARK state, parked slaves may send access requests in the access win-
dow provided a broadcast packet is received in the preceding master-to-slave
slot. Slaves in the CONNECTION state shall not send in the slave-to-master
slots following the broadcast packet, since they are only allowed to send if
addressed specifically.
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On the air-interface, either a 64 kb/s log PCM (Pulse Code Modulation) format
(A-law or p-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 195 summarizes the voice coding schemes supported on
the air interface. The appropriate voice coding scheme is selected after negoti-
ations between the Link Managers.

Voice Codecs

linear CVSsD

A-law
8-bit logarithmic
u-law

Table 9.1: Voice coding schemes supported on the air interface.

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 p-law compression may be applied. In the event that the
line interface uses A-law and the air interface uses p-law or vice versa, a con-
version from A-law to p-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 then 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 196, Figure 9.2 on page 196 and Figure 9.3
on page 196. The system shall be clocked at 64 kHz.
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Figure 9.1: Block diagram of CVSD encoder with syllabic companding.
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Figure 8.2: Block diagram of CVSD decoder with syllabic companding.
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Figure 9.3: Accumulator procedure.

Let sgn(x) = 1 for x>0, otherwise sgn(x) = —1. 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 x(k), the accumu-
lator contents y(k), and the step size 8(k). Furthermore, let h be the decay fac-

tor for the accumulator, let B denote the decay factor for the step size, and, let o
be the syllabic companding parameter. The latter parameter monitors the slope
by considering the K most recent output bits

Let

x(k) = hy(k). (EQ13)

Then, the CVSD encoder internal state shall be updated according to the fol-
lowing set of equations:
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d(k) =

b(k) = sgn{x(k) - x(k— 1)},

if .J bits in the last K output bits are equal,

otherwise,

min{d(k—-1)+a

n

max { (k- 1), §

min { y(k), y

k) =

where

nin bllrh:u } ’

mfn} ]

mnx}’

max {.i'(k% }’mm } ]

(k) = x(k— 1) + b(k)S(k).

y(k) = 0.

y(k) <0.

€3 Bluetooth’

(EQ 14)

(EQ 15)

(EQ 16)

(EQ17)

(EQ 18)

In these equations, J,,;, and J,,,x are the minimum and maximum step sizes,
and, y,,i, and y,,,y 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 1
=5

B 1

1024

J 4

K 4

8min 10

Biies 1280

Ymin 215 or—2154]

Ymax 2151

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

from the accumulator.
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