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a—— — Physical Layer Specification Bluetooth” =
‘ 1 SCOPE - 8
1 SCOPE
‘l } Bluetooth Low Energy (LE) devices operate in the unlicensed 2.4 GHz ISM
- {,‘g:‘;“:ﬂlgaﬁﬂ:ﬁﬂﬁjﬂin‘j?‘ sy Iorehig kaecael BUSH1D Bluetooth Low Energy (LE) devices operate in the unlicensed 2 4 GHz ISM
(Industrial Scientific Medical) band A frequency hopping transceiver is used to
[r. Two modulation schemes are defined. The mandatory modulation scheme combat interference and fadlng
(*1 Msyms modulation’) uses a shaped, binary FM to minimizs transceiver
complexity. The symbol rate is 1 Msymis. An optional modulation scheme (2 An LE radio shall have a transmitter or a receiver. of both
Msym/s modulation”) is similar but uses a symbol rate of 2 Msymis. d
dl ; The 1 Msym/s modulation supports twa PHYS: gne! LEdr::;ji\:hshall fulfill thf s'alecfl rs!qulremem.; Ioir the :ﬁ;eragrg c;ndli\:gs
« LE 1M, with uncoded cata at 1 Mivs: leclared by the equipment manufacturer (see Section A.1and Section A.2)
= LE Coded, with the Access Address, Coding Indicator, and TERM1 fields of The radio parameters shall be measured according to the methods described
= the packet coded at 125 kbls and the payload coded at either 125 kbls or in the LE RF PHY Test Specification.
500 kbls.
4 L This specification is based on the established regulations for Europe, Japan,
Ad hall rt the LE 1M PHY. Support for the LE Coded PHY
& nm;‘::ﬁs SRRREES, ehadb =2 = North America, Taiwan, South Korea and China. The standard documents
listed below are only for information, and are subject to change or revision at
The 2 Msym/s madulation supports a single PHY: any time
*.LE 20, with liricodiad date/ sl 2 Miys The Bluetooth SIG maintains an online database of regulations that apply to
ATime Division Duplex (TDD) scheme is used in both modes. This Biuetooth technology in the 2.4 GHz ISM band, posted at hitps://www.blue-
specification defines the requirements for a Bluetooth radio for the Low Energy tooth.org/regulatory/newindex.cim.
P radio.
I,IQ Europe:
Requirements are defined for two reasons:
« Provide compatibility between radios used in the system Approval European Institute, ETSI
- Define the quality of the system Documents: EN 300 328, EN 301 489, ETS 300-826
An LE radio shall have a transmitter or a receiver, or both. Japan:
‘The LE radio shall fulfl the stated requirements for the operating conditions = Approval Standards: Japanese Radio Law, JRL L
deciacad by the sousment manfaciin (s Seckon A1), Documents: Japanese Radio Law: Article 4.3, Article 28, Article 29, Article 38 =
This specification is based on the i ions for Europe, Japan, 5
North America, Teiwan, South Korea and China. The standard documents Radio Equipment Reguiations: Article 5, Article 6, Article 7, Article 14,
listed below are only for information, and are subject to change or revision at. il Article 24, Article 9.4, Article 49.20.1.C 2, Article 49201 E3
any time. Radio Law Enforcement Regulations: Article 6.2, Article £.4.4.1, Article 7 fed
BEmE B7e O—3——Q4 20988x 29700 FK ¢ | il |
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1.3 [VOLS 2, 3, 5,6 & 7] CORE SYSTEM PACKAGE

Rev Date Comments

» New features added in 5.0:
- CSA 5 features (Higher Output Power)
- Slot Availability Mask (SAM)
- 2 Msym/s PHY for LE
- LE Long Range
5.0 Dec 06 2016 - High Duty Cycle Non-Connectable Advertising
- LE Advertising Extensions
- LE Channel Selection Algorithm #2
= Park State was deprecated and removed

= Errata for v2.0 + EDR, v2.1 + EDR, v3.0+ HS + 4.0+ 4.1
+ 4.2 (ESR09, ESR10 and ESR11).
See also [Vol 1] Part C, Section 9.4.

B 1-2 50 EHFEEER

9 CHANGES FROM v4.2 TO 5.0

9.1 NEW FEATURES

Several new features are introduced in the Bluetooth Caore Specification 5.0
Release. The major areas of improvement are:

« Slot Availability Mask (SAM)

= 2 Msym/s PHY for LE

* LE Long Range

+ High Duty Cycle Non-Connectable Advertising
= LE Advertising Extensions

» LE Channel Selection Algorithm #2

9.1.1 Features Added in CSAS - Integrated in v5.0
= Higher Output Power

9.2 DEPRECATED FEATURES

The following features were removed in this version of the specification:
» Park State

9.3 PRIVACY ERRATA

The Privacy errata shown in the table below have been resolved and integrated
in this version of the specification.

A 1-3 50 EHFH—FHAREE

1.2. FAS RO R R AR TLERR -
(1) Mesh i . & Rty B4R 05 5 7T 04 255 5%, 4T HARNELHNY
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BEXMEREFENERALRE . MESH HEL BRI Rt AKX B2, BREFRT#
BERYU—HHEY, T WE W AT, BLE 8 Mesh 41 W JE & 2 & K7 413 “#
A, BT 20172018 5 £ A 2 H X F F H— vk,

(2) BLE & /71 #¢. Audio-Over-BLE W+ T & # NE H 7, &K EI H#E X
REE T,

2 BLE B9¥IIBE PHY &3

2.1. 70 LE Coded #3X#1 LE 2M PHY

Two modulation schemes are defined. The mandatory modulation scheme
(“1 Msym/s modulation”) uses a shaped, binary FM to minimize transceiver
complexity. The symbol rate is 1 Msym/s. An optional modulation scheme (2
Msym/s modulation”) is similar but uses a symbol rate of 2 Msym/s.

The 1 Msym/s modulation supports two PHYSs:
« LE 1M, with uncoded data at 1 Mb/s;

» LE Coded, with the Access Address, Coding Indicator, and TERM1 fields of
the packet coded at 125 kb/s and the payload coded at either 125 kb/s or
500 kb/s.

A device shall support the LE 1M PHY. Support for the LE Coded PHY is
optional.

The 2 Msym/s modulation supports a single PHY:
+ LE 2M, with uncoded data at 2 Mb/s

& 2-1 5.0 PHY E#
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2.1.1 BEESHEEREKRR 0.5%.

4.6 REFERENCE SIGNAL DEFINITION

The reference signal for LE is defined as:
Modulation = GFSK

Modulation index = 0.5 + 1% for standard modulation index, 0.5 + 0.5% for
stable modulation index

BT=05+1%
Data Bit Rate =
+ 1 Mb/s £1 ppm for the LE 1M PHY
+ 2 Mb/s 1 ppm for the LE 2M PHY
« 125 kb/s £1 ppm for the LE Coded PHY when using S=8 coding
+ 500 kb/s £1 ppm for the LE Coded PHY when using S=2 coding
Modulating Data for wanted signal = PRBS9
Modulating Data for interfering signal = PRBS15
Frequency accuracy better than +1 ppm

B 2-2 5.0WBEREEEH

2.2. RKXEWMINERHAZE 100mW,

For a transmitter, the output power level at the maximum power setting shall be
within the limits defined in Table 3.1.

Minimum Output Power Maximum Output Power

0.01 mW (-20 dBm) 100 mW (+20 dBm)

Table 3.1: Transmission power

Devices shall not exceed the maximum allowed transmit power levels set by
the regulatory bodies that have jurisdiction over the locales in which the device
is to be sold or intended to operate. Implementers should be aware that the
maximum transmit power level permitted under a given set of regulations might
not be the same for all modulation modes.

Note: The maximum output power for LE in v4.0, v4.1, and v4.2 is 10 mW.
A 2-3 S50 EAMEIRES
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2.2.1 FIRRERHIIRN SR .

Bluetooth devices may be informatively classified into power classes based on
the highest output power the LE PHY supports, as defined in Table 3.2.

Power Class Maximum Output Power (P,.,) Minimum Output Power’
1 100 mW (+20 dBm) 10 mW (+10 dBm)
15 10 mW (+10 dBm) 0.01 mW (-20 dBm)
2 2.5 mW (+4 dBm) 0.01 mW (-20 dBm)
1 mW (0 dBm) 0.01 mW (-20 dBm)

Table 3.2: LE PHY power classes

B 2-4 5.0 WHhELR

3 BLE [ #&iBigRySEH
3.1. ATRURIRERREY 37 M RIRRERE AE T BiEE

Channel Type
RF RF Center Channel Primary Secondary
Channel Frequency Index Data Advertising | Advertising
0 2402 MHz a7 ®
1 2404 MHz 0 ] ]
2 2406 MHz 1 @ ]
1 2424 MHz 10 @ L]
12 2426 MHz 38 ]
13 2428 MHz 11 ] ]
14 2430 MHz 12 ® .
38 2478 MHz 36 © ]
39 2480 MHz 39 o

Table 1.2: Mapping of PHY Channel to Channel Index and Channel Type
B 3-1 5.0 #HEHFEH
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3.2. BERBEEAEFEGNHM B LiEm#2 Bk,
3.2.1 #1 B3

4.5.8.2 Channel Selection Algorithm #1

Channel Selection Algorithm #1 only supports channel selection for connection
events.

Channel Selection Algorithm #1 consists of two stages: calculation of the
unmapped channel index followed by mapping this index to a data channel
index from the set of used channels.

The unmappedChannel and lastUnmappedChannel are the unmapped
channel indices of two consecutive connection events. The unmappedChannel
is the unmapped channel index for the current connection event. The
lastUnmappedChannel is the unmapped channel index of the previous
connection event. The lastUnmappedChannel shall be 0 for the first connection
event of a connection.

At the start of a connection event, unmappedChannel shall be calculated using
the following basic algorithm:

unmappedChannel = (lastUnmappedChannel + hoplncrement) mod 37

A 3-2 S5.0RBEHEEEH Hix (D

lastUnmappadChanmnel ——m=|
un mappeananr'fd Is unmapped YES . data channel index =
Basic algorithm =< Channel a used © unmappedChannel
hoplncrament =] hannel?
NO
- F data channel index =
MOD mmappunglndexg &= channel according to
numUsadChannels - g
Used channels in
ascanding arder

Figure 4.32: Block diagram of data Channel Selection Algorithm #1

A 3-3 S5.0MBEHEEEH Hix (2)
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The algorithm makes use of the following inputs and basic components:
+ The B-bit input N is the number of channels classified as Used channels.

= The 16-bit input channelldentifier is fixed for any given connection or
periodic advertising; it is calculated from the Access Address by:

channelldentifier = (Access Addresssy.qg) XOR (Access Addressqs.g)

« The 16-hit input counter changes for each event. For data connections it is
the connection event counter connEventCounter defined in Section 4.5.1.

For periodic advertising it is the event counter paEventCounter defined in
Section 4.4.3.4.

The “XOR" operation always refers to a 16-bit bit-wise XOR.

The symbol | J is used to represent the floor function (the greatest integer less

than or equal to the argument).

The permutation operation consists of separately bit-reversing the lower 8 input

bits and upper 8 input bits, as illustrated in Figure 4.34.

16 input bits
bo bi bz bs bs bs bs by bs bs big D11 b1z biz bisg bis

bl] b1 bz b3 b4 bS bS h? b& bQ lD'HZI t::'11 l:'-7'12 b‘I3 b‘ld DJS
16 output bits

Figure 4.34: Permutation operation

B 3-4 So0myEEEFEH EiE (1)
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The Multiply, Add, and Modulo (MAM) block performs a multiplication
operation, an addition operation, and a modulo operation, as illustrated in
Figure 4.35.

a —% b a mod 216 %> output
16,
b

Figure 4.35: Multiply, Add, and Modulo block operation

The output of the MAM operation, given inputs a and b, is:
output = (17 x a + b) mod 26

A remapping table is built that contains all the used channels in ascending
order, indexed from zero.

B’ 3-5 S.0myEEEFEH Eik (2)

4.5.8.3.3 Unmapped Event Channel Selection

The unmapped event channel selection process consists of two stages. First,
the unsigned pseudo-random number prn_e is generated, after which the
unmapped channel index unmappedChannel is derived from prn_e.

The first stage shall be as shown in Figure 4.36.

P
1w [%] 16 |E 16 16 I‘IE 16

caunter o MAM
R
R
Lrj L[
15 1
channeiidentifier

Figure 4.36: Event pseudo-random number generation

16 16 |>'~' pm_e 18

a MAM (o]
R

mT

E=
:

=l
Il

unmappedChannel is then calculated as prn_e modulo 37. A block diagram of
the overall process is shown in Figure 4.37.

18
couter ———

Pseudo Random pmy e 18 unmappedChanns!
mad e
Number Generator i

15
channellgentifisr —<—3

Figure 4.37: Unmapped channel selection process

B 3-6 S5.0myEEEFEH Eik (3)
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4.5.8.3.4 Event Mapping to Used Channel Index

If unmappedChannel is the channel index of a used channel according to the
channel map, it is used as the channel index for the event. If
unmappedChannel is the index of an unused channel according to the channel
map, then the channel index for the event is calculated from prn_e and N (the
number of used channels) by first calculating the value remappingindex as:

N*
remappingindex = \\(%]J

and then using remappinglndex as an index into the remapping table to obtain
the channel index for the event.

The overall process is illustrated in Figure 4.38.

UnmappedChannel " Is unmapped YES » channelindex =
i

» channel a used »
channel? nmappedChannel
l NO
pm_ge 16 remappingindex channel index =
| e prm £ ) » # channel according fo
2 remappinglndex

N used channels in
ascending order

Figure 4.38: Event mapping fo used channel index process

B’ 3-7 SO0mEEEEH Bk (4)

4 BLE [ BEIEHEXEHH
4.1. I'BHEIESREAZE 255 F15.

2.3 ADVERTISING CHANNEL PDU

The advertising channel PDU has a 16-bit header and a variable size payload.
Its format is as shown in Figure 2.4. The 16-bit Header field of the advertising
channel PDU is as shown in Figure 2.5.

LSB MSB
Header Payload
(16 bits) (1-255 octets)

Figure 2.4: Advertising channel FDU
B 4-1 5.08) #&E#H PDU X

XA S AN1100-0000-A0



logo

Bluetooth 5.0 ¥ DT R 1E

4.2. [HERUREREIEMN.

LSB MSB
PDU Type RFU ChSel TxAdd FxAdd Length
(4 bits) (1 bit) {1 bit) {1 bit) (1 bit) (8 bits)

Figure 2.5: Advertising channel PDU Header

The PDU Type field of the advertising channel PDU that is contained in the
header indicates the PDU type as defined in Table 2.3. This table also shows
which channel and which PHYs the packet may appear on.

Permitted PHYs
LE

PDU Type | PDU Name Channel LE1M | LE2M | Coded
0000b ADV_IND Primary Advertising ®
0001b ADV_DIRECT_IND Primary Advertising o
0010b ADV_NONCONN_IND | Primary Advertising .

SCAN_REQ Primary Advertising .
0011b

AUX_SCAN_REQ Secondary Advertising . . .
0100b SCAN_RSP Primary Advertising .

CONNECT_IND Primary Advertising .
0101b

AUX_CONNECT_REQ | Secondary Advertising . ® .
0110b ADV_SCAN_IND Primary Advertising ®

Table 2.3: Advertising channel PDU Header’s PDU Type field encoding

A 4-2 5009 FHEEAXE EX

4.3. ["HBBIEEH PHY BXM.

-

Permitted PHYs
LE
PDU Type | PDU Name Channel LE1M | LE2M | Coded
ADV_EXT_IND Primary Advertising . »
AUX_ADV_IND Secondary Advertising . . .
0111b AUX_SCAN_RSP Secondary Advertising . . .
AUX_SYNC_IND Secondary Advertising . . .
AUX_CHAIN_IND Secondary Advertising . . .
1000b AUX_CONMNECT_RSP | Secondary Advertising . . .
All other Reserved for Future Use
values

Table 2.3: Advertising channel PDU Header’s PDU Type field encoding

K 4-3 500 #HERLS PHY BEH
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5 BRIEDR ({845 %) i={tETE)iEn] AR .

8.6.11 Slot Availability Mask (SAM)

Slot Availability Mask (SAM) allows two Bluetooth devices to indicate to each
other the availability of their time slots for transmission and reception. From the
baseband point of view, SAM provides a map - the SAM slot map - which
marks the availability of Bluetooth slots. The availability arises from either
external conditions (e.g., MWS coexistence) or internal conditions (e.g.,
topology management for scatternets). The SAM slot map marks each slot
using one of four type codes defined in [Vol 2] Part C, Section 5.2 and repeated
for convenience in Table 8.7.

Slot type code Meaning

0 The slot is not available for either transmission or reception
1 The slot is available for transmission but not reception

2 The slot is available for reception but not transmission

3 The slot is available for both transmission and reception

Table 8.7: SAM Slot Types

Note: A master may mark master-to-slave slots available for reception and
slave-to-master slots available for transmission, because such slots may be
used in this way for multi-slot packets; similarly for a slave. A SAM slot map
with all slots set to type 3 is equivalent to not using SAM and simply performing
normal scheduling.

Figure 8.16 shows an example of a SAM slot map. The master-to-slave slots
are labeled with the letter 'M' and slave-to-master slots with the letter 'S

Biuetooth Slot M 5 M 1 M ] M M 5 M 5
CanTransmit [ % [ X [ v [ v [« [ X[ %] [ v v [ v x]
CanReeaive | « | # | % | % | % | & | v | [T v I v+
Type Code 2 (1] 1 1 1 2 2 3 3 3 2

Figure 8.16: An example of a SAM slof map

B 5-1 5.0 89 SAM & X
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