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The Features Introduced in Bluetooth Low Energy of
Bluetooth Core Specification v5.0

High Speed Long Range Advertising
Extension



High Speed



Packet Format For LE Uncoded PHYs
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PDU
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L2CAP
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ATT
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ATT
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1 Mega symbols/sec

1 symbol -> 1 us

1 bit = 1 symbol

1 bit -> 1 us

Bluetooth Core Specification v4.0/4.1
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Bluetooth Core Specification v4.0/4.1

C->S
T_IFS, 150us

Completed period

T_M-S , 328us

S->C
T_IFS, 150us

Handle Value Notification, Maximum length, 41 Bytes = 328 bits

S – GATT Server

C – GATT Client



Bluetooth Core Specification v4.0/4.1

C->S
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T_M-S , 328us T_S-M , 80us

S->C
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LL Data PDU, empty unit, 10 bytes = 80 bit

Completed period



Preamble
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Bluetooth Core Specification v4.0/4.1

S->M
T_IFS, 150us

T_M-S , 328us T_S-M , 80us

M->S
T_IFS, 150us

Throughput = 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑉𝑎𝑙𝑢𝑒𝑇𝑀−𝑆 +𝑇𝐼𝐹𝑆+𝑇𝑆−𝑀+𝑇𝐼𝐹𝑆 = 
20 𝑥 8 𝑏𝑖𝑡328 +150 +80 +150 𝑢𝑠 = 226kbps

Completed period

Handle Value Notification, Maximum length, 41 Bytes = 328 bits



Demo
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Setup 

My Laptop 

Serial 

Connection
Serial 

Connection

Transmitter
Receiver

• Transmit 1M Bytes

• RTC stamp at the beginning

• RTC stamp at the ending

• 1M x 8bit / (ending_stamp – beginning_stamp) 



1 Mega symbols/sec

1 symbol -> 1 us

1 bit = 1 symbol

1 bit -> 1 us

Bluetooth Core Specification v4.2
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Bluetooth Core Specification v4.2

C->S
T_IFS, 150us

Completed period

T_M-S , 2120us

S->C
T_IFS, 150us

Handle Value Notification, Maximum length, 265 Bytes = 2120 bits

S – GATT Server

C – GATT Client



Bluetooth Core Specification v4.2

C->S
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LL Data PDU, empty unit, 10 bytes = 80 bit

Completed period



Bluetooth Core Specification v4.2

C->S
T_IFS, 150us

T_M-S , 2120us T_S-M , 80us

S->C
T_IFS, 150us

Throughput = 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑉𝑎𝑙𝑢𝑒𝑇𝑀−𝑆 +𝑇𝐼𝐹𝑆+𝑇𝑆−𝑀+𝑇𝐼𝐹𝑆 = 244 𝑥 8 𝑏𝑖𝑡2120 +150 +80 +150 𝑢𝑠 = 781kbps
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Handle Value Notification, Maximum length, 265 Bytes = 2120 bits
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Demo



2 Mega symbols/sec

1 symbol -> 0.5 us

1 bit = 1 symbol

1 bit -> 0.5 us

Bluetooth Core Specification v5.0, 2M Uncoded PHY
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Bluetooth Core Specification v5.0, 2M Uncoded PHY

C->S
T_IFS, 150us

Complete period

T_M-S , 1060 us

S->C
T_IFS, 150us

Handle Value Notification, Maximum length, 265 Bytes = 2120 bits

S – GATT Server

C – GATT Client



Bluetooth Core Specification v5.0, 2M Uncoded PHY

C->S
T_IFS, 150us

Complete period

T_M-S , 1060 us T_S-M , 40 us

S->C
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LL Data PDU, empty unit, 10 bytes = 80 bit



Bluetooth Core Specification v5.0, 2M Uncoded PHY

C->S
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Complete period
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Handle Value Notification, Maximum length, 265 Bytes = 2120 bits



Bluetooth Core Specification v5.0, 2M Uncoded PHY

C->S
T_IFS, 150us

Complete period

T_M-S , 1060 us T_S-M , 40 us

S->C
T_IFS, 150us

Throughput = 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑉𝑎𝑙𝑢𝑒𝑇𝑀−𝑆 +𝑇𝐼𝐹𝑆+𝑇𝑆−𝑀+𝑇𝐼𝐹𝑆 = 244 𝑥 8 𝑏𝑖𝑡1060 +150 +40 +150 𝑢𝑠 = 1.39𝑀𝑏𝑝𝑠
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Long Range



LE Uncoded 1M or 2M Bit Stream Processing
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encryption
CRC 

generation
whitening

decryption CRC checking dewhitening

TX payload

RX payload
RF interface

Note: LE 1M and LE 2M are collectively known as the “LE Uncoded” PHYs



LE Coded Bit Stream Processing
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Forward Error Correction, FEC
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Forward Error Correction (FEC) coding using a convolutional FEC encoder.
1 bit input, 2 bits output 



Forward Error Correction, FEC
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1 bit input, 2 bits output 



FEC 

encoding

Patter Mapper
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Physical layer

• 1M symbol/sec modulation

Coding Schemes

• S=2

o 2 symbols for 1 data bit, 500kbps

o 5dB sensitivity increasing

• S=8

o 8 symbols for 1 data bit, 125kbps

o 12dB sensitivity increasing

Long Range

Long Range



ADV Extension



Advertising Payload
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Preamble
(1 octet)

Access 
Address
(4 octet)

Payload 
(up to 37 octets)

CRC
(3 octets)

Header
(2 octet)

Core specification

v4.0 ~ v4.2 



Longer Advertising Payload
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Preamble
(1 octet)

Access 
Address
(4 octet)

Payload 
(up to 37 octets)
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Header
(2 octet)

Preamble
(1 octet)

Access 
Address
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Payload 
(up to 255 octets)
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Header
(2 octet)

Core specification

v4.0 ~ v4.2 

Core specification

V5.0 



Legacy Advertising
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Advertiser

37 38 39 37 38 39 37 38 39

Primary Advertising Channel



Longer Payload over Legacy Advertising
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Advertiser
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Offload Advertising Payload
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Advertiser

37 38 39 37 38 39 37 38 39

Advertiser

37 38 39 37 38 39 37 38 39

37 38 39 37 38 39 37 38 39

Secondary Adv Channel
Advertiser

Primary Advertising Channel



advInterval

Legacy Advertising
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advInterval

advDelay advDelay

37 38 39 37 38 39 37 38 39

2nd adv event

Primary Advertising Channel

1st adv event

Scanner Scan Window

Advertiser 



advInterval

Legacy Advertising
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advInterval

Legacy Advertising
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advInterval

Legacy Advertising
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advInterval

Legacy Advertising
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advInterval

advDelay advDelay

37 38 39 37 38 39 37 38 39

2nd adv event

Primary Advertising Channel

1st adv event

Scanner Scan Window **Missed**
In legacy advertising, advertising events 

have a random delay to prevent persistent 
collisions

It is hard for a scanner to follow the 
advertiser.

Advertiser 



Periodical Advertising

4626-May-19 / Bluetooth SIG Proprietary

Primary Advertising Channel

All other channels

A
D

V
_
E

X
T

_
IN

D

37   38   39

Scanner 

A
D

V
_
E

X
T

_
IN

D

A
D

V
_
E

X
T

_
IN

D

Advertiser 

Scan Window

• Which channel used

• Offset of 

AUX_ADV_IND

• Which PHY used



Periodical Advertising
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Periodical Advertising
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Periodical Advertising
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Periodical Advertising
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Periodical Advertising
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Periodical Advertising
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Provide an efficient, uni-direction communication.



PHY Update
Procedure



Master Initial
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Master Slave  

Master & Slave in a connection



Master Initial 
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Master Slave  

LL_PHY_REQ

Master & Slave in a connection

Two fields:

• Transmitter PHYs the 

master prefers to use

• Receiver PHYs the 

master prefer to use



Master Initial 
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Master Slave  

LL_PHY_REQ

Master & Slave in a connection

LL_PHY_RSP

Two fields indicated by 

slaver:

• Transmitter PHYs the 

slave prefers to use

• Receiver PHYs the slave 

prefer to use



Master Initial
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Master Slave  

LL_PHY_REQ

Master & Slave in a connection

LL_PHY_RSP

LL_PHY_UPDATE_IND

Change/no change of PHY

• PHY of M->S, change 

or not?

• PHY of S->M, change 

or not?



Slave Initial 
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Master Slave  

Master & Slave in a connection



Slave Initial 
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Master Slave  

Master & Slave in a connection

LL_PHY_REQ

Two fields:

• Transmitter PHYs the 

slave prefers to use

• Receiver PHYs the 

slave prefer to use



Slave Initial 
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Master Slave  

Master & Slave in a connection

LL_PHY_REQ

LL_PHY_UPDATE_IND

• PHY of M->S, change 

or not?

• PHY of S->M, change 

or not?

Change/no change of PHY
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