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2.5.4 Inquiry response timing
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Figure 2.10: Timing of inquiry response packet on successful inquiry in first half slot

When the inquiry message received by the slave was the second in the mas-
ter-to-slave slot the packet is received by the master at the hop frequency
fi(k+1).
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Figure 2.11: Timing of inquiry response packet on successful inquiry in second half slot
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2.6 HOP SELECTION

Bluetooth devices shall use the hopping kernel as defined in the following sec-
tions.

In total, six types of hopping sequence are defined — five for the basic hop sys-
tem and one for an adapted set of hop locations used by adaptive frequency
hopping (AFH). These sequences are:

« A page hopping sequence with 32 wake-up frequencies distributed equally
over the 79 MHz, with a period length of 32;

* A page response hopping sequence covering 32 response frequencies
that are in a one-to-one correspondence to the current page hopping
sequence. The master and slave use different rules to obtain the same
sequence;

* An inquiry hopping sequence with 32 wake-up frequencies distributed
equally over the 79 MHz, with a period length of 32;

* An inquiry response hopping sequence covering 32 response frequen-
cies that are in a one-to-one correspondence to the current inquiry hopping
sequence.

+ A basic channel hopping sequence which has a very long period length,
which does not show repetitive patterns over a short time interval, and which
distributes the hop frequencies equally over the 79 MHz during a short time
interval.

« An adapted channel hopping sequence derived from the basic channel
hopping sequence which uses the same channel mechanism and may use
fewer than 79 frequencies. The adapted channel hopping sequence is only
used in place of the basic channel hopping sequence. All other hopping
sequences are not affected by hop sequence adaptation.

2.6.1 General selection scheme

The selection scheme consists of two parts:
+ selecting a sequence;
* mapping this sequence onto the hop frequencies;

The general block diagram of the hop selection scheme is shown in Figure
2.12 on page 83. The mapping from the input to a particular RF channel index
is performed in the selection box.

The inputs to the selection box are the selected clock, frozen clock, N, kqfset

address, sequence selection and AFH_channel_map. The source of the clock
input depends on the hopping sequence selected. Additionally, each hopping
sequence uses different bits of the clock (see Table 2.2 on page 91). N and Kqfrset

are defined in Section 2.6.4 on page 90.
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The sequence selection input can be set to the following values:

* page scan

* inquiry scan

* page

* inquiry

* master page response
+ slave page response

* inquiry response

* basic channel

» adapted channel

The address input consists of 28 bits including the entire LAP and the 4 LSBs
of the UAP. This is designated as the UAP/LAP. When the basic or adapted
channel hopping sequence is selected, the Bluetooth device address of the
master (BD_ADDR) shall be used. When the page, master page response,
slave page response, or page scan hopping sequences are selected the
BD_ADDR given by the Host of the paged device shall be used (see HCI Cre-
ate Connection Command [Part E] Section 7.1.5 on page 406). When the
inquiry, inquiry response, or inquiry scan hopping sequences are selected, the
UAP/LAP corresponding to the GIAC shall be used even if it concerns a DIAC.
Whenever one of the reserved BD_ADDRS (see Section 1.2.1 on page 66) is
used for generating a frequency hop sequence, the UAP shall be replaced by
the default check initialization (DCI, see Section 7.1 on page 138). The hopping
sequence is selected by the sequence selection input to the selection box.

When the adapted channel hopping sequence is selected, the
AFH_channel_map is an additional input to the selection box. The
AFH_channel_map indicates which channels shall be used and which shall be
unused. These terms are defined in Section 2.6.3 on page 89.

Sequence Selection AFH_channel_map

. l

UAP/LAP —H
SELECTION RF channel
index
5 BOX

CLOCK *H

!

Frozen CLOCK N et

Figure 2.12: General block diagram of hop selection scheme.
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The output, RF channel index, constitutes a pseudo-random sequence. The
RF channel index is mapped to RF channel frequencies using the equation in
Table 2.1 on page 29 in the Radio Specification.

The selection scheme chooses a segment of 32 hop frequencies spanning
about 64 MHz and visits these hops in a pseudo-random order. Next, a differ-
ent 32-hop segment is chosen, etc. In the page, master page response, slave
page response, page scan, inquiry, inquiry response and inquiry scan hopping
sequences, the same 32-hop segment is used all the time (the segment is
selected by the address; different devices will have different paging segments).
When the basic channel hopping sequence is selected, the output constitutes a
pseudo-random sequence that slides through the 79 hops. The principle is
depicted in Figure 2.13 on page 84.

0246 62 64 78 1 73 75 77
segment 1 | /7

-«
segment 2 A I /" {
segment 3 I 4 i

1 -~

[}
! ~
L]

segment length A

| 32 [| 16|

Figure 2.13: Hop selection scheme in CONNECTION state.

The RF frequency shall remain fixed for the duration of the packet. The RF fre-
quency for the packet shall be derived from the Bluetooth clock value in the first
slot of the packet. The RF frequency in the first slot after a multi-slot packet
shall use the frequency as determined by the Bluetooth clock value for that
slot. Figure 2.14 on page 85 illustrates the hop definition on single- and multi-
slot packets.
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Figure 2.14: Single- and multi-slot packets.

When the adapted channel hopping sequence is used, the pseudo-random

sequence contains only frequencies that are in the RF channel set defined by

the AFH_channel_map input. The adapted sequence has similar statistical
properties to the non-adapted hop sequence. In addition, the slave responds

with its packet on the same RF channel that was used by the master to address
that slave (or would have been in the case of a synchronous reserved slot with-

out a validly received master-to-slave transmission). This is called the same

channel mechanism of AFH. Thus, the RF channel used for the master to slave

packet is also used for the immediately following slave to master packet. An

example of the same channel mechanism is illustrated in Figure 2.15 on page

85. The same channel mechanism shall be used whenever the adapted chan
nel hopping sequence is selected.
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Figure 2.15: Example of the same channel mechanism.
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2.6.2 Selection kernel

The basic hop selection kernel shall be as shown in Figure 2.16 on page 86
and is used for the page, page response, inquiry, inquiry response and basic
channel hopping selection kernels. In these substates the AFH_channel_map
input is unused. The adapted channel hopping selection kernel is described in
Section 2.6.3 on page 89. The X input determines the phase in the 32-hop seg-
ment, whereas Y1 and Y2 selects between master-to-slave and slave-to-mas-
ter. The inputs A to D determine the ordering within the segment, the inputs E
and F determine the mapping onto the hop frequencies. The kernel addresses
a register containing the RF channel indices. This list is ordered so that first all
even RF channel indices are listed and then all odd hop frequencies. In this
way, a 32-hop segment spans about 64 MHz.

A B C D E F
5
Y1
5 4 XOR 49 4T 4T
15 [

¥ v 5

5 5 |X 5 5 7 2
X — ADD =0} PERM5 4 ADD 4 4

R

mod32 f mod 79 :
Y2 78

1

3

|

I
Td

Figure 2.16: Block diagram of the basic hop selection kernel for the hop system.

The selection procedure consists of an addition, an XOR operation, a permuta-
tion operation, an addition, and finally a register selection. In the remainder of
this chapter, the notation A; is used for bit i of the BD_ADDR.

2.6.2.1 First addition operation

The first addition operation only adds a constant to the phase and applies a
modulo 32 operation. For the page hopping sequence, the first addition is
redundant since it only changes the phase within the segment. However, when
different segments are concatenated (as in the basic channel hopping
sequence), the first addition operation will have an impact on the resulting
sequence.
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2.6.2.2 XOR operation

Let Z’ denote the output of the first addition. In the XOR operation, the four
LSBs of Z' are modulo-2 added to the address bits Ay,_19. The operation is

illustrated in Figure 2.17 on page 87.

Az2.19

xor

Zy Z
Z Zy
z 11>z
Py B

zZ———=2

Figure 2.17: XOR operation for the hop system.

2.6.2.3 Permutation operation

The permutation operation involves the switching from 5 inputs to 5 outputs for
the hop system, controlled by the control word. The permutation or switching

box shall be as shown in Figure 2.18 on page 88. It consists of 7 stages of but-
terfly operations. The control of the butterflies by the control signals P is shown

in Table 2.1. Pg_g corresponds to Dg_g, and, P, ., corresponds to C,® Y1 for
i=0..4inFigure 2.16.

Control Contral

signal Butterfly signal Butterfly
Po {Z0.44} Ps {£1.44}
P4 {Z2,Z3} Pg {Z0,Z3}
P2 {Z1,25} P1o {Z2.24}
Ps {Z3.24} P11 {21,235}
Py {2024} P12 {Zo0.23}
Ps {£1.43} P13 {24,225}
Pe {Zo.22}

P7 {2324}

Table 2.1: Control of the butterflies for the hop system

The Z input is the output of the XOR operation as described in the previous
section. The butterfly operation can be implemented with multiplexers as
depicted in Figure 2.19 on page 88.
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stage 1 2 3 4 5 6 7

PiaPip PWPigp Po Ps P Pg Ps Py P3 P, P Ry
|

Vi

RN

Figure 2.18: Permutation operation for the hop system.

Figure 2.19. Butterfly implementation.

2.6.2.4 Second addition operation

The addition operation only adds a constant to the output of the permutation
operation. The addition is applied modulo 79.

2.6.2.5 Register bank

The output of the adder addresses a bank of 79 registers. The registers are
loaded with the synthesizer code words corresponding to the hop frequencies
0 to 78. Note that the upper half of the bank contains the even hop frequencies,
whereas the lower half of the bank contains the odd hop frequencies.
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2.6.3 Adapted hop selection kernel

The adapted hop selection kernel is based on the basic hop selection kernel
defined in the preceding sections.

The inputs to the adapted hop selection kernel are the same as for the basic
hop system kernel except that the input AFH_channel_map (defined in Link
Manager Protocol [Part C] Section 5.2 on page 303) is used. The
AFH_channel_map indicates which RF channels shall be used and which shall
be unused. When hop sequence adaptation is enabled, the number of used RF
channels may be reduced from 79 to some smaller value N. All devices shall
be capable of operating on an adapted hop sequence (AHS) with N, <N <
79, with any combination of used RF channels within the AFH_channel_map
that meets this constraint. N,,;, is defined in Section 2.3.1 on page 75.

Adaptation of the hopping sequence is achieved through two additions to the
basic channel hopping sequence according to Figure 2.16 on page 86:

* Unused RF channels are re-mapped uniformly onto used RF channels. That
is, if the hop selection kernel of the basic system generates an unused RF
channel, an alternative RF channel out of the set of used RF channels is
selected pseudo-randomly.

« The used RF channel generated for the master-to-slave packet is also used
for the immediately following slave-to-master packet (see Section 2.6.1 on
page 82).

2.6.3.1 _Channel re-mapping function

When the adapted hop selection kernel is selected, the basic hop selection ker-
nel according to Figure 2.16 on page 86 is initially used to determine an RF
channel. If this RF channel is unused according to the AFH_channel_map, the
unused RF channel is re-mapped by the re-mapping function to one of the
used RF channels. If the RF channel determined by the basic hop selection
kernel is already in the set of used RF channels, no adjustment is made. The
hop sequence of the (non-adapted) basic hop equals the sequence of the
adapted selection kernel on all locations where used RF channels are gener-
ated by the basic hop. This property facilitates non-AFH slaves remaining syn-
chronized while other slaves in the piconet are using the adapted hopping
sequence.

A block diagram of the re-mapping mechanism is shown in Figure 2.20 on
page 90. The re-mapping function is a post-processing step to the selection
kernel from Figure 2.16 on page 86, denoted as ‘Hop selection of the basic
hop’. The output f, of the basic hop selection kernel is an RF channel number
that ranges between 0 and 78. This RF channel will either be in the set of used
RF channels or in the set of unused RF channels.
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Hop Selection of

VAP/LAP ——>fbasic hop sy stem Use f, for next slot
k

Figure 2.16 on
page 86

(o] R

Re-mapping Function

o Use f,' instead of fi
for next slot

PERMS,

'out

Mapping Table

I AFH_channel_map

Figure 2.20: Block diagram of adaptive hop selection mechanism

When an unused RF channel is generated by the basic hop selection mecha-

nism, it is re-mapped to the set of used RF channels as follows. A new index k’
e {0, 1,..., N-1} is calculated using some of the parameters from the basic hop
selection kernel:

k' = (PERM5,,; + E + F' + Y2) mod N

where F’is defined in Table 2.2 on page 91. The index k' is then used to select
the re-mapped channel from a mapping table that contains all of the even used
RF channels in ascending order followed by all the odd used RF channels in
ascending order (i.e., the mapping table of Figure 2.16 on page 86 with all the
unused RF channels removed).

2.6.4 Control word

In the following section X;;, i<j, will denote bits i, i+1,...,j of the bit vector X. By
convention, Xg is the least significant bit of the vector X.

The control word of the kernel is controlled by the overall control signals X, Y1,
Y2, Ato F, and F’ as illustrated in Figure 2.16 on page 86 and Figure 2.20 on
page 90. During paging and inquiry, the inputs A to E use the address values
as given in the corresponding columns of Table 2.2 on page 91. In addition, the
inputs X, Y1 and Y2 are used. The F and F’ inputs are unused. The clock bits
CLKg.5 (i-e., input X) specifies the phase within the length 32 sequence. CLK,
(i.e., inputs Y1 and Y2) is used to select between TX and RX. The address
inputs determine the sequence order within segments. The final mapping onto
the hop frequencies is determined by the register contents.

During the CONNECTION state (see Secticn 8.5 on page 167), the inputs A, C
and D shall be derived from the address bits being bit-wise XORed with the
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clock bits as shown in the “Connection state” column of Table 2.2 on page 91
(the two most significant bits, MSBs, are XORed together, the two second
MSBs are XORed together, etc.).

Page scan / Master/SI
Interlaced Page Scan / y A eaE DEYC i
| 5 ‘? Page/lnquiry | response and gtg't:‘ect'on
DRy SLCT Inquiry response
Interlaced Inquiry Scan
X | CLKNg 1,/ Xpy_o/Xiy_o Xprmy _f CLK; ,
(CLKN s _ |, + 16)mod32/
Xprs, _ UJ"
Xiry o/
Xiry 4
Xir, _,+16)mod32
Y110 CLKE,/CLKN, | CLKE,/CLKN,/1 CLK,
Y2 |0 32 x CLKE,/ 32x CLKE, / 32 x CLK,
32 x CLKN, 32x CLKN, /
32x1
A A27 -23 A!?‘ 23 AQ? -23 A2'.? -23@CI‘K25- 21
B AEQ 19 AEE 19 A22 19 AQQ 19
c AS. 6,4,2,0 ‘48.6. 4,2,0 AS. 6.4,2,0 AS. 6.4.2.0®CLK207 16
D AIS 10 AlS 10 AIS 10 AIR ](!@CI'K]S 7
L Alf!.ll.?_'.l“F..'%_l A13_II‘9.?_5‘3.1 AI3.11.9.?,5.3.I AI3.11.9.7.5_3.I
F |0 0 0 16 x CLK,; , mod 79
F’ | n/a n/a n/a 16 x CLK,,_, mod N

Table 2.2: Control for hop system.

The five X input bits vary depending on the current state of the device. In the
page scan and inquiry scan substates, the native clock (CLKN) shall be used.
In CONNECTION state the master clock (CLK) shall be used as input. The sit-
uation is somewhat more complicated for the other states.

2.6.4.1 Page scan and inquiry scan hopping sequences

When the sequence selection input is set to page scan, the Bluetooth device
address of the scanning device shall be used as address input. When the
sequence selection input is set to inquiry scan, the GIAC LAP and the four
LSBs of the DCI (as 4,, ,,), shall be used as address input for the hopping

sequence. For the transmitted access code and in the receiver correlator, the
appropriate GIAC or DIAC shall be used. The application decides which inquiry
access code to use depending on the purpose of the inquiry.
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2.6.4.2 Page hopping sequence

When the sequence selection input is set to page, the paging device shall start
using the A-train, i.e., {f(k-8),....ik),....(k+7)} , where fik) isthe source’s
estimate of the current receiver frequency in the paged device. The index kis a
function of all the inputs in Figure 2.16. There are 32 possible paging frequen-
cies within each 1.28 second interval. Half of these frequencies belong to the
A-train, the rest (i.e., {fik+8),..../Ik+15), k- 16),..../(k—9)} ) belong to the
B-train. In order to achieve the -8 offset of the A-train, a constant of 24 shall be
added to the clock bits (which is equivalent to -8 due to the modulo 32 opera-
tion). The B-train is obtained by setting the offset to 8. A cyclic shift of the order
within the trains is also necessary in order to avoid a possible repetitive mis-
match between the paging and scanning devices. Thus,

Xp = [CLKE 4_ 15+ Ky, + (CLKE,_, o~ CLKE;¢_,) mod 16] mod 32,  (EQ2)

where

_ |24 A-train,
Kogrver = 8 B-train. Q3

Alternatively, each switch between the A- and B-trains may be accomplished
by adding 16 to the current value of &, (originally initialized with 24).

2.6.4.3 Slave page response hopping sequence

When the sequence selection input is set to slave page response, in order to
eliminate the possibility of losing the link due to discrepancies of the native
clock CLKN and the master’s clock estimate CLKE, the four bits CLKN; ,,
shall be frozen at their current value. The value shall be frozen at the content it
has in the slot where the recipient’s access code is detected. The native clock
shall not be stopped; it is merely the values of the bits used for creating the X-
input that are kept fixed for a while. A frozen value is denoted by an asterisk (*)
in the discussion below.

For each response slot the paged device shall use an X-input value one larger
(modulo 32) than in the preceding response slot. However, the first response
shall be made with the X-input kept at the same value as it was when the
access code was recognized. Let N be a counter starting at zero. Then, the X-
input in the (N + 1)-th response slot (the first response slot being the one imme-
diately following the page slot now responding to) of the slave response sub-
state is:

Xprs = [CLKN*IG ]2+N] mod 32, (EQ4)
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The counter N shall be set to zero in the slot where the slave acknowledges
the page (see Figure 8.3 on page 160 and Figure 8.4 on page 160). Then, the
value of N shall be increased by one each time CLKN, is set to zero, which
corresponds to the start of a master TX slot. The X-input shall be constructed
this way until the first FHS packet is received and the immediately following
response packet has been transmitted. After this the slave shall enter the
CONNECTION state using the parameters received in the FHS packet.

2.6.4.4 Master page response hopping sequence

When the sequence selection input is set to master page response, the master
shall freeze its estimated slave clock to the value that triggered a response

from the paged device. It is equivalent to using the values of the clock estimate
when receiving the slave response (since only CLKE, will differ from the corre-

sponding page transmission). Thus, the values are frozen when the slave ID
packet is received. In addition to the clock bits used, the current value of &,
shall also be frozen. The master shall adjust its X-input in the same way the
paged device does, i.e., by incrementing this value by one for each time CLKE,
is set to zero. The first increment shall be done before sending the FHS packet

to the paged device. Let N be a counter starting at one. The rule for forming the
X-input is:

Xprm = [CLKE*5 13+ ko0 +
(EQ3)
(CLKE*4 20— CLKE*[G 12) mod 16 + N] mod 32,
The value of N shall be increased each time CLKE, is set to zero, which corre-
sponds to the start of a master TX slot.

2.6.4.5 Inquiry hopping sequence

When the sequence selection input is set to inquiry, the X-input is similar to that
used in the page hopping sequence. Since no particular device is addressed,
the native clock CLKN of the inquirer shall be used. Moreover, which of the two
train offsets to start with is of no real concern in this state. Consequently,

Xi = [CLKNyg_ 1 + k0, + (CLKN,_, o~ CLKN4_;,) mod 16] mod 32,  (EQ6)

where k., is defined by (EQ 3) on page 92. The initial choice of the offset is
arbitrary.

The GIAC LAP and the four LSBs of the DCI (as 4,, ,,) shall be used as
address input for the hopping sequence generator.
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2.6.4.6 Inquiry response hopping sequence

The inquiry response hopping sequence is similar to the slave page response
hopping sequence with respect to the X-input. The clock input shall not be fro-
zen, thus the following equation apply:

Xir = [CLKN; 1, +N] mod 32, (EQ7

Furthermore, the counter N is increased not on CLKN, basis, but rather after

each FHS packet has been transmitted in response to the inquiry. There is no
restriction on the initial value of N as it is independent of the corresponding
value in the inquiring unit.

The GIAC LAP and the four LSBs of the DCI (as 4,, ,,) shall be used as

address input for the hopping sequence generator. The other input bits to the
generator shall be the same as for page response.

2.6.4.7 Basic and adapted channel hopping sequence

In the basic and adapted channel hopping sequences, the clock bits to use in
the basic or adapted hopping sequence generation shall always be derived
from the master clock, CLK. The address bits shall be derived from the Blue-
tooth device address of the master.
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3 PHYSICAL LINKS

A physical link represents a baseband connection between devices. A physical
link is always associated with exactly one physical channel. Physical links have
common properties that apply to all logical transports on the physical link.

The common properties of physical links are:
+ Power control (see Link Manager Protocol Section 4.1.3 on page 235)

« Link supervision (see Section 3.1 on page 95 and Link Manager Protocol
Section 4.1.6 on page 242)

« Encryption (see Security [Part H] Section 4 on page 787 and
Link Manager Protocol [Part C] Section 4.2.5 on page 257)

« Channel quality-driven data rate change (see Link Manager Protocol
Section 4.1.7 on page 243)

« Multi-slot packet contral (see Link Manager Protocol Section 4.1.10 on page
247)

3.1 LINK SUPERVISION

A connection can break down due to various reasons such as a device moving
out of range, encountering severe interference or a power failure condition.
Since this may happen without any prior warning, it is important to monitor the
link on both the master and the slave side to avoid possible collisions when the
logical transport address (see Section 4.2 on page 97) or parked member
address (see Section 4.7.1 on page 105) is reassigned to another slave.

To be able to detect link loss, both the master and the slave shall use a link
supervision timer, T g,enision- UPON reception of a valid packet header with
one of the slave's addresses (see Section 4.2 on page 97) on the physical link,
the timer shall be reset. If at any time in CONNECTION state, the timer
reaches the supervisionTO value, the connection shall be considered discon-
nected. The same link supervision timer shall be used for SCO, eSCO, and
ACL logical transports.

The timeout period, supervisionTO, is negotiated by the Link Manager. Its
value shall be chosen so that the supervision timeout will be longer than hold
and sniff periods. Link supervision of a parked slave shall be done by unpark-
ing and re-parking the slave.
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4 LOGICAL TRANSPORTS

41 GENERAL

Between master and slave(s), different types of logical transports may be
established. Five logical transports have been defined:

« Synchronous Connection-Oriented (SCO) logical transport

+ Extended Synchronous Connection-Oriented (eSCO) logical transport
+ Asynchronous Connection-Oriented (ACL) logical transport

+ Active Slave Broadcast (ASB) logical transport

+ Parked Slave Broadcast (PSB) logical transport

The synchronous logical transports are point-to-point logical transports
between a master and a single slave in the piconet. The synchronous logical
transports typically support time-bounded information like voice or general syn-
chronous data. The master maintains the synchronous logical transports by
using reserved slots at regular intervals. In addition to the reserved slots the
eSCO logical transport may have a retransmission window after the reserved
slots.

The ACL logical transport is also a point-to-point logical transport between the
master and a slave. In the slots not reserved for synchronous logical trans-
port(s), the master can establish an ACL logical transport on a per-slot basis to
any slave, including the slave(s) already engaged in a synchronous logical
transport.

The ASB logical transport is used by a master to communicate with active
slaves. The PSB logical transport is used by a master to communicate with
parked slaves.

4.2 LOGICAL TRANSPORT ADDRESS (LT_ADDR)

Each slave active in a piconet is assigned a primary 3-bit logical transport
address (LT_ADDR). The all-zero LT_ADDR is reserved for broadcast mes-
sages. The master does not have an LT_ADDR. A master's timing relative to
the slaves distinguishes it from the slaves. A secondary LT_ADDR is assigned
to the slave for each eSCO logical transport in use in the piconet. Only eSCO
traffic (i.e. NULL, POLL, and one of the EV packet types as negotiated at
eSCO logical transport setup) may be sent on these LT_ADDRs. ACL traffic
(including LMP) shall always be sent on the primary LT_ADDR. A slave shall
only accept packets with matching primary or secondary LT_ADDR and broad-
cast packets. The LT_ADDR is carried in the packet header (see Section 6.4
on page 116). The LT_ADDR shall only be valid for as long as a slave is in the
active mode. As soon as it is disconnected or parked, the slave shall lose all of
its LT_ADDRs.
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The primary LT_ADDR shall be assigned by the master to the slave when the
slave is activated. This is either at connection establishment, at role switch, or
when the slave is unparked. At connection establishment and at role switch,
the primary LT_ADDR is carried in the FHS payload. When unparking, the pri-
mary LT_ADDR is carried in the unpark message.

4.3 SYNCHRONOUS LOGICAL TRANSPORTS

The first type of synchronous logical transport, the SCO logical transport is a
symmetric, point-to-point link between the master and a specific slave. The
SCO logical transport reserves slots and can therefore be considered as a cir-
cuit-switched connection between the master and the slave. The master may
support up to three SCO links to the same slave or to different slaves. A slave
may support up to three SCO links from the same master, or two SCO links if
the links originate from different masters. SCO packets are never retransmit-
ted.

The second type of synchronous logical transport, the eSCO logical transport,
is a point-to-point logical transport between the master and a specific slave.
eSCO logical transports may be symmetric or asymmetric. Similar to SCO,
eSCO reserves slots and can therefore be considered a circuit-switched con-
nection between the master and the slave. In addition to the reserved slots,
eSCO supports a retransmission window immediately following the reserved
slots. Together, the reserved slots and the retransmission window form the
complete eSCO window.

4.4 ASYNCHRONOUS LOGICAL TRANSPORT

In the slots not reserved for synchronous logical transports, the master may
exchange packets with any slave on a per-slot basis. The ACL logical transport
provides a packet-switched connection between the master and all active
slaves participating in the piconet. Both asynchronous and isochronous ser-
vices are supported. Between a master and a slave only a single ACL logical
transport shall exist. For most ACL packets, packet retransmission is applied to
assure data integrity.

ACL packets not addressed to a specific slave are considered as broadcast
packets and should be read by every slave. If there is no data to be sent on the
ACL logical transport and no polling is required, no transmission is required.
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4.5 TRANSMIT/RECEIVE ROUTINES

This section describes the way to use the packets as defined in Section 6 on
page 109 in order to support the traffic on the ACL, SCO and eSCO logical
transports. Both single-slave and multi-slave configurations are considered. In
addition, the use of buffers for the TX and RX routines are described.

The TX and RX routines described in sections 4.5.1 and 4.5.2 are informative only.

4.5.1 TX Routine

The TX routine is carried out separately for each asynchronous and synchro-
nous link. Figure 4.1 on page 99 shows the asynchronous and synchronous
buffers as used in the TX routine. In this figure, only a single TX asynchronous
buffer and a single TX synchronous buffer are shown. In the master, there is a
separate TX asynchronous buffer for each slave. In addition there may be one
or more TX synchronous buffers for each synchronous slave (different SCO or
eSCO logical transports may either reuse the same TX synchronous buffer, or
each have their own TX synchronous buffer). Each TX buffer consists of two
FIFO registers: one current register which can be accessed and read by the
Link Controller in order to compose the packets, and one next register that can
be accessed by the Baseband Resource Manager to load new information.
The positions of the switches S1 and S2 determine which register is current
and which register is next; the switches are controlled by the Link Controller.
The switches at the input and the output of the FIFO registers can never be
connected to the same register simultaneously.

TX asynchronous buffer

o—| current/next data FIFO
asynchronous S1a

/O port —\—’ Sib
next/current data FIFO——@

packet
composer
TX synchronous buffer

current/next voice FIFO ——e

synchronous _A;. S2b

10 port _/’_'
&—| next/current voice FIFO

Figure 4.1: Functional diagram of TX buffering.

Of the packets common on the ACL and SCO logical transports (NULL, POLL
and DM1) only the DM1 packet carries a payload that is exchanged between
the Link Controller and the Link Manager; this common packet makes use of
the asynchronous buffer. All ACL packets make use of the asynchronous
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