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Bluetooth Direction Finding Feature and
the Latest Specification Enhancements

Kai Ren, Senior Developer Relations Manager, Bluetooth SIG




Direction Finding



AoA Method

Receiver

Angle of Arrival

 Transmitter
* sends special packets using a single antenna

 Receiver
» has multiple antenna arranged in an array

« antennas see received signal phase difference because
of different distances to the transmitter

« takes IQ samples from received signal while switching
between active antenna

« relative signal direction calculated using sampled data

For RTLS, item finding, and Pol
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RF Fundamentals - Wavelength

Bluetooth: ~12.5cm
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RF Fundamentals - Phase
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What is 1Q?

In-phase/Quadrature

222222222
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RF Fundamentals - IQ Sampling

HCI commands use IQ format to report the RF signal phase.

Host can use these commands to ask Controller to report RF signal’s phase.
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E Angle of Arrival, AoOA
Receiver
* Multiple antennas, #1 and #2

* LE transmitter sends special
Direction Finding message out
periodically

* RF signal arrives at antenna #1 --
phase #1, timestamp #1
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Transmitter

LE
Receiver

Radio Signal

Angle of Arrival, AoOA

* Multiple antennas, #1 and #2

* LE transmitter sends special
Direction Finding message out
periodically

* RF signal arrives at antenna #1 --
phase #1, timestamp #1

* RF signal arrives at antenna #2 --
phase #2, timestamp #2




E Angle of Arrival, AOA

e dis known

Radio Signal
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E Angle of Arrival, AOA

Receiver

d is known
0 is Angle of Arrival

 t=(@/2m) A, @ Is phase difference,
A is wavelength, about 0.125m

« O = arccos(t/d) = arccos((¢-A)/(211-d))
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LE Radio Signal
Transmitter
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Constant Tone Extension, CTE

Preamble
1 ~ 2 octets

AA
4 octet

PDU
2 ~ 258 octet

CRC
3 octet

Constant Tone Extension
16 ~ 160us

Shall be at least 16us, not longer than 160us

The contents are a constantly modulated series of
1s

No whitening shall be applied

Switch slot and sample slot, each either 1us or 2us
long



AOA

Continuous transmission
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Transmitter

16 ~ 160us




AOA LE

Receiver

AoA receive: 1 ps switching and sampling slots

: Guard period Reference period wich | smol | swich | smot | swich | smot | swich | sm wich | 5™ | qucn | STP!
Recelver (4 us) (8 us) SsI:;cth jotpll Sslzh siotp; Ssl:rth jotDS' Ss.l(t)th ;otptll 000 Sslr';cth S;gt 5sIctJth S;T
Transmitter Continuous transmission
16 ~ 160us
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AOA LE

Receilver

AOA receive: 1 ps switching and sampling slots

R ece |Ve r G ua rd periOd Swtch | Smpl | Swtch | Smpl | Swtch | Smpl | Swtch | Smpl Swtch Srlno;:l Swtch SToFt"
(4 us) slot | slotl | slot | slot2 | slot | slot3 | slot | slot4 000 slot 573 slot 574
Transmitter Continuous transmission

16 ~ 160us
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Receiver

AoA receive: 1 ps switching and sampling slots

: Guard period Reference period ST b Bt il o el s il s wich | S™! | swien [ STP!
Recelver (4 |..lS) (8 us) S:Iﬁh jotpll Sslzh siotp; Ssl:rth jotDS' Ss.l(t)th ;otptll 000 Sslr';cth S;gt 5sIctJth S;T
Transmitter Continuous transmission
16 ~ 160us
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AOA LE

Receiver

AoA receive: 1 ps switching and sampling slots

: Guard period Reference period wich [RSRBI swich | smot | swich | smot | swich | sm wich | 5™ | qucn | STP!
Recelver (4 us) (8 us) SsI:;cth ;atpi Sslzh siotp; Ssl:rth jotDS' Ss.l(t)th ;otptll 000 Sslr';cth S;gt 5sIctJth S;T
Transmitter Continuous transmission
16 ~ 160us
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Receiver

AoA receive: 1 ps switching and sampling slots
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Receiver

AoA receive: 1 ps switching and sampling slots

: Guard period Reference period " mol | sw m molaleswiehilecm wich | S | guaen | STl
Recelver (4 us) (8 us) SsI:;cth jotpll Sslzh siotp; S‘s'lut‘;‘:th jotp; Ssltt)th ;otptll 000 Sslr';cth S;gt 5sIctJth s;it
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16 ~ 160us
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AOA LE

Receiver

AoA receive: 1 ps switching and sampling slots

: Guard period Reference period wich | smpl | swich | smol | swic wich | sm wich | 5™ | qucn | STP!
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Transmitter Continuous transmission
16 ~ 160us
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AOA LE

Receiver

AoA receive: 2 ps switching and sampling slots

Receiver Guard period Reference period Switch Sample | Switch Sample Switch Sample
(4 ps) (8 ps) slot slot 1 slot slot 2 see slot slot 37
Transmitter Continuous transmission
16 ~ 160us
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AOA LE

Receilver

AoA receive: 2 ps switching and sampling slots

Receiver Guard period Switch Sample | Switch Sample Switch Sample
(4 ps) slot slot 1 slot slot 2 ) slot slot 37
Transmitter Continuous transmission

16 ~ 160us
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Receiver

AoA receive: 2 ps switching and sampling slots
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Receiver

AoA receive: 2 ps switching and sampling slots
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AOA LE

Receiver

AoA receive: 2 ps switching and sampling slots

Receiver Guard period Reference period Switch Sample | Switch | Sample Switch Sample
(4 ps) (8 ps) slot slot 1 slot slot 2 ses slot slot 37
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AOA LE

Receiver

AoA receive: 2 ps switching and sampling slots

Receiver Guard period Reference period Switch | Sample | Switch | Sample Switch | Sample
(4 ps) (8 ps) slot slot 1 slot slot 2 ses slot slot 37
Transmitter Continuous transmission
16 ~ 160us
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AoD Method

N
\—

Receiver

 Angle of Departure

* Transmitter

« sends special packets while switching between active
antenna arranged in an array

* Receiver

receives signals using single antenna

has knowledge of antenna layout within transmitter

takes 1Q samples from received signals

relative signal direction calculated using sampled data

For indoor positioning systems (IPS)

o



Angle of Departure, AoD

« Multiple antennas, #1 and #2 in
transmitter side

* LE transmitter sending by antenna#1

Radio Signal
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Angle of Departure, AoD

« Multiple antennas, #1 and #2 in
transmitter side

* LE transmitter sending by antenna#1
« LE transmitter sending by antenna#2

\i‘?adio Signal

LE
Receiver
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Transmitter

e dis known




E Angle of Departure, AoD

Transmitter

d is known
0 is Angle of Arrival

 t=(@/2m) A, @ Is phase difference,
A is wavelength, about 0.125m
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AoD transmit: 1 ps switching slots

Tx Guard periOd Reference pe riod Swtch [ Smpl | Swtch | Smpl | Swtch | Smpl | Swtch [ Smpl Swtch Srlno;:l Swtch Srlnogzl
(4 ps) (8 ps) slot | slot1| slot [ slot2 | slot [ slot3 | slot | slot4 . siot | 2% | slot | 7

RX Guard period Reference period Smpl Smpl smpl smpl e ]
(4 us) (8 us) slot 1 slot 2 slot 3 slot 4 . e -
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TX

RXx

AoD transmit: 1 ps switching slots

Guard period
(4 ps)

Guard period
(4 ps)

Receiver

Swtch | Smpl | Swich | Smpl | Swich | Smpl | Swtch | Smpl Swtch SSTOF:I Swtch szlnoitﬂ
slot [ slotl | slot | slot2 | slot | slot3 | slot | slot4 - slot slot
73 74
Smpl Smpl Smpl Smpl SsToF:I SSToFt)I
slot 1 slot 2 slot 3 slot 4 - 3 24




AoD transmit: 1 ps switching slots

Tx Guard periOd Reference pe riod Swtch | Smpl | Swtch | Smpl | Swtch | Smpl | Swtch [ Smpl Swtch Srlno;:l Swtch Srlnogzl
(4 ps) (8 ps) slot | slot1 | slot | slot2 | slot | slot3 | slot | slot4 . siot | 2% | slot | 7

RX Guard period Reference period Smpl - e — SSTO,:. 55?,,02,
(4 us) (8 us) slot 1 slot 2 slot 3 slot 4 . e -
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AoD transmit: 1 ps switching slots

Tx Guard period

REferen ce pe riOd Swtch | Smpl | Swich | Smpl | Swtch | Smpl | Swtch | Smpl Swtch Srlno;:l Swtch Srlnogzl

(4 ps) (8 ps) slot | slotl | slot | slot2 | slot | slot3 | slot | slot4 . siot | 2% | slot | 7

RX Guard period Reference period Srmpl Smpl Smpl smpl =) Sl
slot 1 slot 2 slot 3 slot 4 s s

(4 ps) (8 ps) . 73 74
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AoD transmit: 1 ps switching slots

Tx Guard periOd Reference pe riod Swtch [ Smpl | Swich | Smpl | Swtch | Smpl | Swtch [ Smpl Swtch Srlno;:l Swtch Srlnogzl
(4 ps) (8 ps) slot | slot1 | slot | slot2 | slot | slot3 | slot | slot4 . siot | 2% | slot | 7

RX Guard period Reference period Smpl - e — SSTO,:. 55?,,02,
(4 us) (8 us) slot 1 slot 2 slot 3 slot 4 . e -
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AoD transmit: 1 ps switching slots

Tx Guard period

REferen ce pe riOd Swtch | Smpl | Swich | Smpl | Swtch | Smpl | Swtch | Smpl Swtch Srlno;:l Swich Srlnogzl
(4 ps) (8 ps) slot | slot1 | slot [ slot2 | slot | slot3 | slot | slot4 . siot | 2% | slot | 7

RX Guard period Reference period Smpl smpl Smpl smpl =) Sl
(4 us) (8 us) slot 1 slot 2 slot 3 slot 4 . 7 e
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Periodical Advertising
Sync Transfer,
PAST



Legacy Advertising

I 37 38 39
 J

Advertiser advinterval . ' advinterval .
1 v 1
| advDeIa;L: advDelay
, - - = —— =
3 1st adv event i 2nd adv event
™~ L}
| |

Scanner/ P Scan Window‘ **Missed**

Observer h g In legacy advertising, advertising events
have a random delay to prevent persistent
collisions
It is hard for a scanner to follow the
advertiser.
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Periodical Advertising

37 38 39

*  Which channel used
N ' / +  Offset of
__ AUX_ADV_IND
¢ Which PHY used
J

* Periodical advertising is one of the adv features in Core Spec v5.0.

Advertiser

All other channels

>
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

. Which channel used

N ' / +  Offset of

(Y AUX_ADV_IND

. Which PHY used

—  Primary Advertising Channel

v
Advertiser All other channels

a
Z
>
a)
<
pa
=)
<

>
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

|
A

. Which channel used
. Offset of
. _ AUX_ADV_IND
. Which PHY used
)  Primary Advertising Channel
v
Advertiser . Offset of next . Access Address All other channels
AUX_SYNC_IND . SCA
. Interval
. Channel Map

. Event counter

a
Z
>
a)
<
pa
=)
<

>
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

|
A

Advertiser

. Which channel used
. Offset of
o o AUX_ADV_IND
. Which PHY used
—  Primary Advertising Channel
v
. Offset of next . Access Address All other channels

AUX_SYNC_IND . SCA
. Interval
. Channel Map
. Event counter

a
Z
>
a)
<
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=)
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a)
Z
O
z
>
0
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<
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

|
A

Advertiser

. Which channel used
. Offset of
o o AUX_ADV_IND
. Which PHY used
—  Primary Advertising Channel
v
. Offset of next . Access Address All other channels

AUX_SYNC_IND . SCA
. Interval
. Channel Map
. Event counter

a
Z
>
a)
<
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=)
<

[a] o
z z
O O
Z Z
> >
(9)] (%))
x x
) )
< <

>
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

|
A

Advertiser

. Which channel used
. Offset of
o o AUX_ADV_IND
. Which PHY used
—  Primary Advertising Channel
v
. Offset of next . Access Address All other channels

AUX_SYNC_IND . SCA
. Interval
. Channel Map
. Event counter

a
Z
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

|
A

Advertiser

. Which channel used

. Offset of

. _ AUX_ADV_IND

. Which PHY used

)  Primary Advertising Channel

v

. Offset of next . Access Address All other channels
AUX_SYNC_IND . SCA

. Interval

. Channel Map
. Event counter

a
Z
>
a)
<
pa
=)
<

a) a) a) a)
P < < <
o &) o &)
Z Z Z Z
> > > >
(9)] n (%)) (%)
x P P x
) 2 ) )
< < < <

»
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

|
A

Advertiser

. Which channel used

. Offset of

. _ AUX_ADV_IND

. Which PHY used

)  Primary Advertising Channel

v

. Offset of next . Access Address All other channels
AUX_SYNC_IND . SCA

. Interval
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. Event counter
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* Periodical advertising is one of the adv features in Core Spec v5.0.

Periodical Advertising

37 38 39

|
A

Advertiser

. Which channel used

. Offset of

_ . AUX_ADV_IND

. Which PHY used

e  Primary Advertising Channel

v

. Offset of next . Access Address All other channels
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. Interval
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. Event counter
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Periodical Advertising

* Periodical advertising is one of the adv features in Core Spec v5.0.

Provide an efficient, uni-direction communication.

Access Address
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37 38 39
. Which channel used
N ' / +  Offset of
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Without PAST

@

Advertiser

Smartphone
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Without PAST

O Periodical Advertising Sync

A I

Advertiser

Smartphone

Connection
Established
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Without PAST

O Periodical Advertising Sync

A I

Advertiser
Smartphone
Connection
Established
Periodical
Advertising Sync
Sync?
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Without PAST

Periodical Advertising Sync

O—

A

Advertiser

Periodical
Advertising Sync

26-May-19
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Advertiser

Smartphone

Connection
Established

Sync?
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Without PAST

O Periodical Advertising Sync

A I

Advertiser

Periodical
Advertising Sync

26-May-19

Smartphone

Connection
Established

Sync?
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With PAST

O Periodical Advertising Sync

A I

Advertiser

Smartphone

Connection

New Link Layer Cotrol PDU
ew Link Layer Cotr Established

LL_PERIODIC_SYNC_IND

Sync?
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Without PAST

O Periodical Advertising Sync

A I

Advertiser

Periodical
Advertising Sync
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With PAST

O Periodical Advertising Sync
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GATT Caching



Client

Attribute

Cache

ATT Requests

ATT Responses

Server

Attribute

Table

GATT caching enhancement

GATT devices contain a database known as the
attribute table

GATT clients must perform a procedure known as
service discovery to acquire details of the attribute
table on the remote GATT server device

Previously, clients and servers that were not bonded
were required to perform service discovery every time
they connect

Service discovery takes time and consumes energy
Previously, attribute table synchronisation was

controlled by the server using the Service Changed
characteristic. Possible race condition.

o






Randomized Advertising
Channel Indexing
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Advertising channel index randomisation

ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND
_ Adv_idx = ~ _ Adv_idx = ~ _ Adv_idx = ~ P Adv_idx = ~ _ Adv_idx = ~ _ Adv_idx = ~
-~ > S Z ‘S P | = S > N >
37 38 39 37 38 39
Advertising Advertising Advertising Advertising
event started event closed event started event closed

Before: fixed channel index sequence 37 -> 38 -> 39
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Advertising channel index randomisation

ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND
- Adv_idx = ~ p Adv_idx = R 5 Adv_idx = ~ - Adv_idx = ~ - Adv_idx = ) R Adv_idx = >
< Z K > S 4 < Z < - .
39 37 38 38 37 39
Advertising Advertising Advertising Advertising
event started event closed event started event closed

5.1: random channel index sequence
Reduced probability of collisions

Greater reliability and scalability in connectionless communication
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