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11 HOP SELECTION

In total, 10 types of hopping sequences are defined - five for the 79-hop and
five for the 23-hop system, respectively. Using the notation of parentheses ()
for figures related to the 23-hop system, these sequences are:

= A page hopping sequence with 32 (16) unique wake-up frequencies dis-
tributed equally over the 79 (23) MHz, with a period length of 32 (16),

= A page response sequence covering 32 (18) unique response frequencies
that all are in an one-to-one correspondence to the current page hopping

saguence. The master and slave use different rules to obtain the same
SEquence;

= An inquiry sequence with 32 (16) unigue wake-up frequencies distributed
equally over the 79 (23) MHz, with a period length of 32 (16);

= Ainguiry response sequence covering 32 (16) unigue response freguen-
cies that all are in an one-to-one correspondence (o the current inguiry hop-
ping sequence.

* A channel hopping sequence which has a very long penod length, which
does not show repetitive patterns over a short time interval, but which dis-
tributes the hop frequencies equally over the 79 (23) MHz during a short
time interval;

For the page hopping sequence, it is important that we can easily shift the
phase forward or backward, so we need a 1-1 mapping from a counter to the
hop frequencies. For each case, both a hop sequence from master to slave

and from slave to master are required.

The inguiry and inquiry response sequences always utilizes the GIAC LAP as
lower address part and the DCI (Section 5.4 on page 72) as upper address part

in deriving the hopping sequence, even if it concerns a DIAC inguiry.

11.1 GENERAL SELECTION SCHEME

The selection scheme consists of two parts:
+ selecting a sequence,
= mapping this sequence on the hop frequencies;

The general block diagram of the hop selection scheme is shown in Figure 11.1
on page 127. The mapping from the input to a particular hop frequency is per-
formed in the selection box. Basically, the input is the native clock and the cur-
rent address. In CONNECTION state, the native clock (CLKN) is modified by
an offset to equal the master clock {CLK). Only the 27 MSBs of the clock are
used. In the page and inquiry substates, all 28 bits of the clock are used. How-
ever, in page substate the native clock will be modified to the master's eslimate
of the paged unit.
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The address input consists of 28 bits, i.e., the entire LAP and the 4 LSBs of the
UAP. In CONNECTION state, the address of the master is used. In page sub-
state the address of the paged unit is used. When in inguiry substate, the
UAP/LAP corresponding to the GIAC is used. The output constilutes a pseudo-
random sequence, either covering 79 hop or 23 hops, depending on the state.
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Figurg 11,1, General block diagram of hap seisclion =chame.

For the 7T9-hop system, the selection scheme chooses a segment of 32 hop
frequencies spanning about 64 MHz and visits these hops once in a random
order. Next, a different 32-hop segment is chosen, ele. In case of the page,
page scan, or page response substates, the same 32-hop segment is used
all the time: (the segment is selected by the address; different units will have dif-
ferent paging segments). In connection state, the output constitutes a pseudo-
random sequence that slides through the 79 hops or 23 hops, depending on
the selected hop system. For the 23-hop systems, the segment size is 16. The

principle is depicted in Figure 11.2
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Figure 11.2: Hop selechon schems in CONNECTION slats.




BLUETOOTH SPECIFICATION Varsion 1.1 page 128 of 1084

Hasshand Specificabion omm-
11.2 SELECTION KERNEL

The hop selection kermels for the 79 hop systern and the 23 hop system are
shown in Figure 11.3 on page 128 and Figure 11.4 on page 128, respectively.
The X input determines the phase in the 32-hop segment, whereas Y1 and Y2
selects between master-to-slave and slave-lo-master transmission. 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 hop frequencies. This list should be created such that first all even hop fre-
quencies are listed and then all odd hop frequencies. In this way, a 32-hop seg-
ment spans about 64 MHz, whereas a 168-hop segment spans the entire 23-MHz.
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Figura T1.4: Slock diagram of hop selsction kernel for the 23-hop spsliam.
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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 | of the BO_ADDR.

11.2.1 First addition operation

The first addition operation only adds a constant to the phase and applies a
modulo 32 or a modulo 16 operation. For the page hopping sequence, the first
addition is redundant since it only changes the phase within the segment. How-
ever, when different segments are concatenated (as in the channel hopping
sequence), the first addition operation will have an impact on the resulting
Sequence.

11.2.2 XOR operation

Let 2" denote the output of the first addition. In the XOR operation, the four
LSBs of Z' are modulo-2 added to the address bits Asq_1g. The operation is

illustrated in Figure 11.5 on page 129.
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Figureg 11.5: XOR operation for the T9-hop systam. The 23-hap spslem is the same excespl far
the Lgldy wire that doss nol axisl
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11.2.3 Permutation operation

The permutation operation involves the switching from 5 inputs to 5 outputs for
the 79 hop system and from 4 inputs to 4 oulputs for 23 hop system, in a man-
ner controlled by the control word. In Figure 11.6 on page 131 and Figure 11.7
an page 131 the permulation or switching box is shown. It consists of 7 stages
of butterfly operations. Table 11.1 and Table 11.2 shows the control of the but-

terflies by the control signals P. Note that P corresponds to Dgg, and, P,
cormesponds to C,& Y1 fori = 0.4 in Figure 11.3 and Figure 11.4.

Control Caontral

signal Buttarfly signal Buttarfly
o 1€p.L4) Py {£1,24}
Py {Z2.23) Py {Za.2a}
Fa {£4.£20 Pio {£2,£4)
Pa {Z3.24} P {Z1.Z3}
Py gLyt Py2 {£g.Lat
Ps {£4.Z4) Fia {2145}
P {£p. L2}

P7 {Z3.24)

Table 11,1 Control of the bullerflies for the TS hop spsiem

Control Control

signal Butterfly signal Buttarfly
iy 1£p.£4} Fa {£a.£a}
Py {2324} Py {2423}
Pa {Zy.Z3) Fin {£q.£a}
Py {2425} Fiy {2123}
Py {£pL2) Piz {£a.d4}
Pg {Z1.2a} P1a {Z2.£3}
Pg {£p.L1}

Ps {Z5.24)

Table 114 Control of the bulterfises for the 23 hop sysiem

The Z input is the output of the XOR operation as described in the previous
section. The butterfly operation can be implementad with multiplexers as
depicted in Figure 11.8 on page 131.
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Figure 1.6 Permulalion opsration for the 79 hop systam.
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Figure 11.7: Permulafion opsralbion for the 23 hop sysfam.

Figure 11,8 Bulterlly implsmsniation.
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11.2.4 Second addition operation

The addition operation only adds a constant to the output of the permutation
operation. As a result, the 16-hop or 32-hop segment is mapped differently on
the hop frequencies. The addition is applied modulo 79 or modulo 23 depend-
ing on the system type (Europe/US vs. others).

11.2.5 Register bank

The output of the adder addresses a bank of 79 or 23 registers. The reqgisters
are loaded with the synthesizer code words corresponding to the hop frequen-
cies 0 to 78 or 0 to 22. Note that the upper half of the bank contains the even
hop frequencies, whereas the lower half of the bank contains the odd hop fre-
quencies.

11.3 CONTROL WORD

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

The control word P of the kernel is controlled by the overall control signals X,
¥1, Y2, and A to F as illustrated in Figure 11.3 on page 128 and Figure 11.4 on
page 128. During paging and inquiry, the inputs A to E use the address values
as given in the corresponding columns of Table 11.3 on page 133 and Table
11.4 on page 133. In addition, the inputs X, Y1 and Y2 are used. The F input is
unused. In the 79-hop system, the clock bits CLKg - (i.e., input X) specifies the

phase within the length 32 sequence, while for the 23-hop system, CLKg 5
specifies the phase within the length 16 sequence. For both systems, CLK;

(i.e., inputs Y1 and ¥Y2) is usad 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.

In the: following we will distinguish between three types of clocks: the piconet's
master clock, the Bluetooth unit's native clock, and the clock estimate of a
paged Bluetooth unit. These types are marked in the following way:

1. CLKs7p: Master clock of the current piconet.

2. CLKMNs7g: Native clock of the unit.

3. CLKEs7.4: The paging unit's estimate of the paged unit's native
clock.

During the CONNECTION state, the inputs A, C and D result from the addrass
bits being bit-wise XORed with the clock bits as shown in the "Connection
state” column of Table 11.3 on page 133 and Table 11.4 on page 133 (the two
MSEBs are XORed logether, the two second M5Bs are XORed together, ete.).
Consequently, after every 32 (16) time slots, a new length 32 (16) segment is
selected in the 79-hop (23-hop) system. The sequence order within a specific
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segment will not be repeated for a very long period. Thus, the overall hopping
sequence consists of concatenated segments of 32-hops each. Since each 32-
hop sequence spans more than 80% of the 79 MHz band, the desired fre-
guency spreading over a short time interval is obtained.

Paga scan P : Page response _
Ingliing scan aga/lnguiry Emas.hrhfiwa-} and Connection state
nguiry responsa
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fabds 11.3: Condrod for 7A-hop spsfem.

Page response
:.ag:l_ m:l.:n;“ Page/inquiry (master/slave) and Connection state
IR Inquiry response
W I i/ i O o | 1 1 1231 CLE
X CLEN, o 12l _1.'_|-|::' o kT - .':",'l.".'.':'-.':' A Xprss T AN _' Oy o
e |
Xiry o
Yl |G CLKE, /CLKN, CLKE,CLKN, 71 CLE
¥4 | o i % CLKE, # 16 x CLKE, f 163 CLK,
163 CLKN, s
16 = 1
A dyr_n dyr_ 1 Aa_z Ayp oy BLLKy g
B Adpom 111219 Axr_19 oy 13
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Tabla 11.4; Corndrod for 23-hop sysfem.
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Page response
Page ““":h Pagellnquiry | {master/slave} and Connection state
Inquiry sc Inquiry response
B Ak 1o Aig_ 1 Az Ayg o gp B CLK g g
E "flj-.ll.'.l.'.'.i.!.l ""I.‘l.ll.'i.]'.i.J.I ""11”.'.'.?..'-.5-.! ""H.II.E'.T.!-.].I
F { | [ fi % CLKy  mad B

Tabie 114 Control for 23-hap =ysfam.

11.3.1 Page scan and Inguiry scan substates

In page scan, the Bluetooth device address of the scanning unit is used as
address input. In inquiry scan, the GIAC LAP and the four LSBs of the DCI (as
Aqq 44 ), Are used as address input for the hopping sequence. Naturally, for the

transmitted access code and in the receiver correlator, the appropriate GIAC or
DIAC is used. The application decides which inquiry access code to use
depending on the purpose of the inguiry.

The five X input bits vary depending on the current state of the unit. In the page
scan and inquiry scan substates, the native clock (CLKN) is used. In CON-
NECTION state the master clock (CLK) is used as input. The situation is some-
what more complicated for the other states.

11.3.2 Page substate

In the page substate of the 79-hop system, the paging unit shall start using the
A-train, i.e., [Ak-8) .. A0k .. (k+ 71} .where fb isthe source's estimate
of the current receiver frequency in the paged unit. Clearly, the index & is a
function of all the inputs in Figure 11.3. There are 32 possible paging frequen-
cies within each 1.28 second interval. Half of these frequencies belongs to the
A-lrain, the rest (e, [fk=8L . Ak+ 15, (k-168), .., fik-01 ) belongs to the
B-train. In order to achieve the -8 offset of the A-train, a constant of 24 can be
added to the clock bits {which is equivalent to -8 due to the modulo 32 opera-
tion). Clearly, the B-train may be accomplished by setting the offset to 8. A
cyclic shift of the order within the trains is also necessary in order 1o avoid a
possible repetitive mismatch between the paging and scanning units. Thus,

Ap'™! = [CLKE ko + (CLKE,

1612 Kypear g—CLKE . ;) mod 16] mod 32, (EQI)

L

24 A-tran,

."fﬂﬂw = ] (EQ )

B -tram.
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Alternatively, sach swilch between the A- and B-trains may be accomplished

by adding 16 to the current value of & .., (originally initialized with 24).

In the: page substate of the 23-hop system, the paging unit makes use of the A-
train only. A constant offset of 8 is used in order to start with gk - 8) . Moreover,
only four bits are needed since the additions are modulo 16. Consequently,

{31
/]

Xp*™! = [CLKE,, . +8+CLKE, ,,] mod 16, (EQ 4)

11.3.3 Page response

11321 Slgve response

A unit in the page scan substate recognizing its own aceess code enters the

slave response substate. In order to eliminate the passibility of loosing the link
due to discrepancies of the native clock CLKN and the master's clock estimate
CLKE, the four bits CLKN,, ,, must be frozen at their current value. The value

is frozen to the content it has in the slot where the recipient's access code is
detected. Note that the actual native clock is not stopped; it is merely the val-
ues of the bits used for creating the X-input that are kept fixed for a while. In the
sequel, a frozen value is marked by an asterisk ().

For each response slol the paged unit will use an X-input value one larger
(modulo 32 or 16) than in the preceding response slol. However, the first
response is 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 (v = 1) -th response slot (the first response slot being the ong imme-
diately following the page slot now responding to) of the slave response sub-
stale becomes

Xprs'! = [CLEN*;; 12 +N] maod 32, (EQ 5)

and

,i',rJr.';';H' [CLEM* 2+ &] mod 14, (EQ) &)

far the 79-hop and 23-hop systems, respectively. The counter N is set to zero
in the slot where the slave acknowledges the page (see Figure 10.6 on page
102 and Figure 10.7 on page 102). Then, the value of N is increased by one
each time CLKN, is set to zero, which corresponds to the start of a master TX
slot. The X-input is constructed this way until the first accepted FHS packet is
received and the immediately following response packet has been transmitted.
After this the slave enters the CONNECTION state using the parameters
received in the FHS packet.
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11.3.3.2 Master response

The paging unit enters master response substate upon recaiving a slave
response. Clearly, also the master must freeze its estimated slave clock to the
value that friggered a response from the paged unit. It is eguivalent to using the
values of the clock estimate when receiving the slave response (since anly
CLKE, will differ from the corresponding page transmission). Thus, the values

are frozen when the slave ID packet is received. In addition to the used clock
bits, also the current value of &, must be frozen. The master will adjust its X-
input in the same way the paged unit does, L&, 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 unit. Let ¥ be a counter starting at one.
The rules for forming the X-inputs become

[T . 9
Xprm = [CLEEY ;5 _qa+ *.-;.':rrf - EQ T
I:_':]_-E':.E-r_l a |_.—f|_|‘:.|:*||:|_ |_:-:| mod |1 'ﬁll".'.] mod 11.
and
Xprm"™™' = [CLKE* 1413+ 8 + CLKE*; 5 4+ N] mod 16, (EQ &)

for the 79-hop and 23-hop syslems, respectively. The value of ¥ is increased
each time CLKE, is s&l to zero, which corresponds 1o the start of a master TX
slot.

11.3.4 Inquiry substate

The X-input of the inquiry substate is quite similar to what is used in the page
substate. Since no particular unit is addressed, the nalive clock CLKN of the
inquirer is used. Moreover, which of the two train offsets to start with is of no
real concern in this state. Consequently,

X' = [CLEN,, ,+k

affzer * [(\-LENJ-

39— CLEN, ) mod B | mod 32, (EQY)

where i, is defined by (EQ 3) on page 134. The initial choice of the offset is

arbitrary. For the 23-hop system,

Xi'Z' = [CLKNy; 2+ 8+ CLEN, , ] mod 18, (EQ 10

The GIAC LAF and the four L3Bs of the DCI {as Ao o, ) are used as addreas input for the hopping
Seuenes generator. (B 1LY
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11.3.5 Inquiry response

The inquiry response substale is similar to the slave response substate with
respect to the X-input. However, there is no need to freeze the clock input, thus

. [y
Air

|[CLEN,; 42+ ] mod 32, (B0 12)
and

. (23
Air

|[CLKN 5 o+ N mod 16, (EQ 13)

far the 79-hop and 23-hop systams, respactively. Furthermore, the counter v is
increased not on disete, but rather after each FHS packet has been

transmitted in responsa to the inguiry. There is no restriction on the initial value
of & as il is independent of the corresponding value in the inquiring unit.

The GIAC LAP and the four LSBs of the DCI (as 4., ., ) are used as address

input for the hopping sequence generator. The other input bits to the generator
are the same as in the case of page response.

11.3.6 Connection state

In CONNECTION state, the clock bits to use in the channel hopping sequence
generation are always according to the master clock, CLK. The address bits
are taken from the Bluetooth device address of the master.



