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Bluetooth SIG

The Bluetooth Special Interest Group (SIG) is a group of
company working together to promote and define the
Bluetooth Specification. The Bluetooth SIG was founded

In February 1998 by the following group of core promoters:

Ericsson
Intel

IBM
Toshiba
Nokia
Microsoft
Lucent
3Com

+ Web Site: http://www.bluetooth.org/specification.htm
Motorola
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Bluetooth

v1.2 + BDR v2.1 + EDR V4.0 + BLE
(Basic data Rate) (Basic data Rate) (Bluetooth Low energy)
v2.0 + EDR v3.0 + HS V5.0
(Enhanced Data Rate) (High Speed) (2x speed.
4x range
Rev Date Comments 800% broadcast)

* 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.
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Bluetooth Radio Specification

Technical Specification Classic Bluetooth Bluetooth Low Energy
Frequency 2400 to 2483.5 MHz 2400 to 2483.5 MHz
Modulation Technique Frequency Hopping Frequency Hopping
Modulation Scheme GFSK GFSK

Modulation Index 0.35 0.5

Number of Channels 79 40

Channel Bandwidth 1T MHz 2 MHz

Nominal Data Rate 1-3 Mbps 1 Mbps

Application Throughput 0.7 - 2.1 Mbps < 0.3 Mbps

Nodes / Active Slaves 7 Unlimited

Security 56 to 128 bit 128-bit AES
Robustness FHSS FHSS

Voice Capable Not capable
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Piconet

Consists of LT TS
-7 S o
7 S
,’ slave 37\
\
» One (and only one) master S'a‘e . O .
» More than one slave(s) )/ \
!
| ‘\
' |
- | O |
Master: the device which initiates \ master h
data exchange. \ /
\ /
Slave: the device which responds \ ‘ /
to the Master. N )/
. Slave 2 ,
N\ /
N\ /
N ~ o 7/
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Physical Link Definition

- Synchronous Connection-Oriented (SCO) Link
- circuit switching
- symmetric, synchronous services

- slot reservation at fixed intervals

« Asynchronous Connection-Less (ACL) Link

- packet switching
- (a)symmetric, asynchronous services

- polling access scheme
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Mixed Link Example

SCO ACL SCO ACL ACL SCO SCO ACL

!..!.!FIHIMIHIIII
|

LTI T

SLAVE 1 9 Q Q N
..!!!!!.!J_!!!.!!!!!.!!!!!

MASTER

%

SLAVE 2
[ [ ]_II

SLAVE 3
[ [ [ [ [ [ [ [ [ [ ]_II [ [ [
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Bluetooth Packet Structure

- Modulation

Description

Packet Type

System packets

Medium rate

High rate

Digitized audio

Mixed data/voice

- 2402 to 2480MHz, 79 channel. NULL, POLL, FHS
- GFSK modulation techniques E:'f:;:”j'DD:f
- DPSK added for EDR HV1, HV, HYS
DV
- Packet format AUXI

Other uses

0 -2745 MSB

LSB 68/72 54

PAYLOAD

ACCESS CODE

Figure 1. Basic Rate packet format. The number of bits per entity is indicated.

ACCESS HEADER GUARD SYNC
CODE

ENHANCED DATA RATE
PAYLOAD

TRAILER

DPSK

«—— GFSK———»
Figure 2. EDR packet format.
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DM1/DH1

625 Us

y N

A 4

72 bits 54 bits 240 bits = 366 bits

Access
code

Header| Payload 30 bytes

: i 10— Fr=-- T Frrmmm s T F==
- Data CRC 0 Freoreeee e

! AAD - mmm e m e e
DM1 I 17 2 2/3
FEC

A

B0 oo oL

' ! 40' ----------------------------------------
DH1 ofi
217 | o
| 100 200 300 400 500 G000

Arnplitude [dBm]

12
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DMS5/DH5

3125 s

' 72 bits 54 bits 2744 bits = 2870 bits
Access
Code
| i E N i S s T Freees T
DM5 I 224 2/3 S
: FEC i E'm_ """"""""""""""""""""""""""""""""""""""""""""""""""""""
%-QDL -------------------------------------------------------------------------------------------------
: I %.30- -------------------------------------------------------------------------------------------------
DHS5 I 339 IE_

500 1000 1500 2000 pall] 3000 300
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LE Packet Structure

Carries physical link
access code

Layer Information

Carries the logical transport
and logical link identifiers

Preamble Access Address

PDU Header

PDU Payload

CRC

Carries L2CAP signals, L2ZCAP
frames or other user data

Protocols

Carries the Link Layer LL Protocol

Figure 3.5: LE packet structure

LSB MSB
Preamble Access Address PDU CRC
(1 octet) (4 octets) (2 to 39 octets) (3 octets)

Figure 2.1: Link Layer packet format
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Link v.s. Non-link Mode Test

+ Traditionally, Bluetooth SIG has given manufacturers the option to test with either Link or Non-Link

mode

+ Non-link testing is faster: it tests the hardware — not the software
- For this reason, LitePoint has always advocated to use Non-Link mode

SW Staclx

Link Based Test \ / Non-Link Based Test \

HCI Interface

é HCl Interface

—

/

; Baseband ; Baseband
L T
K Bluetooth Radio / K Bluetooth Radio
HCI: Host Control Interface L2 / CAP: Logical Link Control and Adaptation Layer Protocol
LMP: Link Manager Protocol RF COMM: Serial Port Emulation

Information Shared Under NDA — Do Not Distribute
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I

RF testing — NonLink Test

- All tests are performed without setting up an RF connection.
- Controller(PC) control DUT into test condition.

- Controller(PC) control Tester to capture DUT’s signal to analyze it(TX)
or transmit BT packets to DUT(RX).

3 @iQxeim

o
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, g————]
wu b

'
_ - _ & il
i
]
i . -
8 ]
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RF test Cases (BDR + EDR)

- Transmitter tests

1

TRM/CA/01/C (Output Power)

TRM/CA/02/C (Power Density)

TRM/CA/03/C (Power Control)

TRM/CA/04/C (TX Output Spectrum — Frequency range)
TRM/CAJ/05/C (TX Output Spectrum — 20dB Bandwidth)
TRM/CAJ/06/C (TX Output Spectrum — Adjacent channel power)
TRM/CA/07/C (Modulation Characteristics)

TRM/CAJ/08/C (Initial Carrier Frequency Tolerance)
TRM/CA/Q9/C (Carrier Frequency Drift)

TRM/CA/10/C (EDR Relative Transmit Power)

TRM/CA/11/C (EDR Carrier Frequency Stability and Modulation Accuracy)
TRM/CA/12/C (EDR Differential Phase Encoding)
TRM/CA/13/C (EDR In-band Spurious Emissions)
TRM/CA/14/C (Enhanced power control)

Receiver tests

RCV/CA/01/C (Sensitivity - single slot packets)
RCV/CA/02/C (Sensitivity — multi-slot packets)
RCV/CA/03/C (C/I performance)
RCV/CA/04/C (Blocking performance)
RCV/CA/05/C (Intermodulation Performance)
RCV/CA/06/C (Maximum Input Level)
RCV/CA/07/C (EDR Sensitivity)

RCV/CA/08/C (EDR BER Floor Performance)
RCV/CA/09/C (EDR C/I Performance)
RCV/CA/10/C (EDR Maximum Input Level)

Information Shared Under NDA — Do Not Distribute

+ All test cases supported by 1Qxel.
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RF test Cases (BLE)

- Transmitter tests

- TRM/CA/OL/C (Output Power at NOC) + All test cases supported by 1Qxel.
- TRM/CA/02/C (Power Density at EOC) + Red arrow (mm) test items require
- TRM/CA/03/C (In-band emissions at NOC) two signal generators.

- TRM/CA/04/C (In-band emissions at EOC)
- TRM/CAJ/05/C (Modulation characteristics)

- TRM/CAJ/06/C (Carrier frequency offset and drift at NOC) -‘W
- TRM/CAJ/07/C (Carrier frequency offset and drift at EOC) “ ' @ @ @ @ @ @
- Receiver tests il TN E
- © gx.... ,—_._
- RCVICA/01/C (Receiver sensitivity at NOC) o

- RCVICA/02/C (Receiver sensitivity at EOC)
mm)- RCV/CA/03/C (C/l and receiver selectivity performance) -
=) RCV/CA/04/C (Blocking performance) @iQxel-m

- RCV/CAJ05/C (Intermodulation Performance) = 9@ e 9 9 e e e
- RCVICA/06/C (Maximum Input Level) . . n g @ -

® ==
- RCV/ICA/07/C (PER Report Integrity) e —

eleel-Mw : D uirkroinr

~eee00000
®

" e

»
e. i e A

4 ]
i

@Q@@OSG
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Output Spectrum — BDR: 20dB Bandwidth

- Verification the emissions inside the operating frequency are within the limits..
- Find the highest power value.

- Find the lowest frequency fL that power drop 20dB below the highest power.

- Find the highest frequency fH that power drop 20dB below the highest power.
- The difference Af = |fH — fL|

- Test Criteria:

- Af=|fH-fL| < 1MHz
-10

I T ;L_______é____
-0 -_-----E,-______i___-__
Modulation payload is PRBS 9 R R RhanEet - 1o

el ---- -

B .

PD [dBm/BW] BW 10 kHz

20 dB bandwidth =
-0 -~ 0.90 hHz -

-45

-2 -1 a 1 2
Frequency [MHz]
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EDR: Adjacent Channel Power

-20 dBm

-40 dBm

F.-2 5 MHz F.-15MHz F,-1MHz Carriar F, F.+1MHz F,+15MHz F,+2.5 MHz

Figure 8. Transmitter spectral mask for EDR mode Blustooth signal.

A Channel Number Frequency Offset Transmit Power
IM-N|=2 =2 MHz -20 dBm
IM-N|= 3 =3 MHz -40 dBm

Table 4. Adjacent Channel Power specifications.
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BLE: Modulation Characteristics

- Verifies that the modulation characteristics of the transmitted signal are correct
(i.e. the frequency deviation is measured with different payload sequences).

- Test Criteria;

. 225 kHz < Af1ayg = 275 kHz

. Atleast 99.9% of all Af2,,ax frequency values recorded over 10 test packets must

be greater than 185 kHz

7 the average of the

Afza‘v
g
M 20.8 / samples within the
avg bit period
f Af 1ma:«6 AMay7
————————— Omoom@oomo——————————————————————— — -
______ 7 SR T VY S S N IR N A WA
I I I I I I
I I I I I I
i I I I I I
0 I I I I I
| | | | | |
Average 1 ! ! ! ! !
frequency for __l_____:______}_____J______ _____ ! R S R
00001 111" | | | |
sequence : : : :
| | | |
| | | |
I I I I
I I I I
I I I I
I I I I
—————— s T e e ——
I ! ! ! K |
o e . Tt .
! I Aflmae Aflmaya :
|
| |
5 : : » 1
Start of payload field - Sequence # > R
Statt f ’ 22
of Statt of
In fO r measurement # rneasuramint#z



BLE: Carrier Frequency Offset and Drift

- Verifies that the carrier frequency offset and carrier drift of the transmitted signal

— frx— 150 kHz < f, < fr + 150 kHz

. petual cemter Feauency where frx is the nominal transmit frequency and n=0,1,2,3.. k
Nominalcenterfiequency  _ |f0 — fn| < 50 kHz

where n=2,34.. k

U S

\ J T f, -1 fy —fhos| _
v _ =g < 20kHz and fo~fuslran < 20kHz
. Integration interval
P [ -t
Blart of preamble Start of sync word
Figure 6.3: Initial frequency offset (fy) measurement principle
BLUETOOTH TEST SPECIFICATION Page 26 of 56
Biuetooth low energy RF PHY 0.7
Sync word and header” Payload

i 19 "" L */m:iw:-,*;" B
R A mm

0 O]

1] ] ' 1 ' '
i, J L
e
Inbsgraticn interval ‘

Innsgraum ilerval #1 Inhegmllm-niemlﬂ
1 2

: i 1
Start af preamble Start of syne ward Start of parylosd field

Figure 6.4: Frequency drift measurement principle
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BDR: Sensitivity

The sensitivity is tested using non-ideal transmitter(one-slot/multi-slot packet).
Receive level of DUT is -70dBm

The tester sends DH1/DH3/DH5 packets to the DUT and payload is PRBS 9.
Adding dirty transmitter to tester.

Set of Carrier Frequency Symbol Time Period
First 20ms using first parameter set paemeter )y onset LA I L
) 1 75 kHz 028 - 20 ppm
Second 20ms using second parameter set. 5 1 ki 040 20 ppm
And so forth. 3 S3KHz 029 +20 ppm
After 10t sets of parameter has been used, the tester uses the first again. |* 1kHz 032 * 20 ppm
5 39 kHz 033 + 20 ppm
6 0 kHz 0.34 - 20 ppm
) ) 7 -42 kHz 0.29 - 20 ppm
/ # payload bits counted in q T B 30 ppm
¥ error 9 19 kHz 028 - 20 ppm
BER = — 10 75 kHz 0.35 +20 ppm
¢ \ # payload bits received from Table 5.4: Dirty Transmitter Single Siot Packets

DUT

- Test Criteria:
- BER = 0.1% (minimum number of samples, 1,600,000 returned payload bits).
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BLE: Sensitivity with “Dirty Packets”

+ Dirty Packets in Bluetooth Low Energy Testing

The Bluetooth LE PHY Test Spec document specifies the use of “dirty packets” for sensitivity
testing

-Every 50 packets, the Frequency Offset, Modulation Index and Symbol Timing Error are changed to
specific value combinations described in the Test Spec

-Additionally, a defined frequency drift is superimposed on the source output signal
the frequency drift phase varies by 180° from packet to packet.
- Test Criteria: PER < 30.8% (minimum number of samples, 1,500 packet).

+ Comparison of Perfect Packet and Dirty Packet

Bluetooth LE PER measurement

60.00

50.00

e Perfect Packet
Dirty Packet
40.00 === Limit @30.8%

30.00

(%) REP

20.00

10.00

0.00

-90 -92 -94 96 -98 -100
Power (dBm) Distribute
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Bluetooth Advanced
Designed for 100% OTA

Bluetooth
Advanced

RF Shield Box
Application
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Advertising Channels
Provides good coverage across entire 2.4GHz band

Advertisement Channels

2402M/ \BUMHZ

Advertisement channel spacing enables good test
coverage for Low, Mid, High channels. Does not
require DUT to support special profiles.

Information Shared Under NDA — Do Not Distribute




How it Works...
Simplified Handshake and Timing Diagram

DUT transmits DUT responds DUT transmits DUT transmits
Advertising Packet Scan Response Advertising Packet Scan Response
A
o
S
@) [ [} [ [ [
o
Tester responds Tester responds
Scan Request Time Scan Request

Repeat this sequence with decreasing Scan Request
power level until no DUT Scan Response is received
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Bluetooth Advanced Test Coverage

- Configurable test plans for transmit & receive measurements

. Transmitter Tests (@ CH 37, 38, 39):

File Edit Tools Window Help

- Power (Min, Max, Average) DPB XOBt4X OO0 PO »
- Delta Fl C\LitePoint\IQfact_plus\IQfact+_BLE_Smart_3.3.1.6\bin\ble_smart.txt
- Delta F2 - 1.CONNECT_IQ TESTER
.. . . 2.BLE_TX_ONLY
- Minimum Deviation 3.BLE_TX_RX_PER
. 4.BLE_TX_RX_SWEEP
- Frequency Drift 5.DISCONNECT_IQ_TESTER

- Frequency Offset

- Adjacent Channel Power
- Advertising Packet Period
- Advertising Payload

- Receiver Tests (@ CH 37, 38, 39): l ‘I l‘ 'h' ll M ” )l '“'“”M“ [[HMHWI ‘“M ””M J‘

Information Shared Under NDA — Do Not Distribute



Bluetooth Advanced ”f—* hﬂ‘

Key benefits: SILLLNE S = == = |

- Get results quickly with any Bluetooth Smart (Low Energy) device
No need to install special software on the DUT
No DUT communication port needed

No need for special chipset drivers
RF can be radiated or conducted : (H’

- Good RF parametric test coverage

Transmitter Power, Modulation quality ¥ ®
Receiver Sensitivity 9 BIueto&Eg
Results for Low, Mid, and High channels

Advertising Address, Interval, and Payload

- Simplify Over-The-Air test setup
- Calibrate air loss from known TX power or RX sensitivity

Information Shared Under NDA — Do Not Distribute



E "' "i..-‘. gf‘
g{’ « ‘g - P ™ "l
L

- 2y :
O s
> P g\ inny Wy

..6‘1 ,‘ \




BT5 Key Features

2X Speed Moving from 1Msym/sec to 2Msym/sec
AX Range “Coding gain” increases range four times
8x Data Larger packets allows more data per packet

2X 4x 8Xx T

wireless
speed range data coexistence

Compliments of the BT SIG website
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BT5.0

- 2M/500K/125Kbps rates in

: Coding Scheme
Modulation

Scheme Access Payload Data Rate
Header

LE 1M 1 'V'Sy”?’s Uncoded Uncoded 1 Mb/s
modulation

LE 2M 2 'V'SV”?’S Uncoded Uncoded 2 Mb/s
modulation

LE(eCr?:rEd 1 Msym/s s-3 S=8 125 Kkb/s

: modulation a S=2 500 kb/s

correction)

- Remain channel definition: 2402 + n*2; n:[0 — 39]

Information Shared Under NDA — Do Not Distribute



Increased Peak Data Rate

LED STATUS

I’Qxel

Tesnnoogy | somn | © sessionActive

Bluetooth

H

1

o

LN R " R IJ RE \‘ B \‘ — “ 1 % e i
3 Y Y U Y Y e vt v Y
3 “ L ‘I [ | " L W ]
P T 1
i I T [ 1T 1 i 1 1T |

7 | | [ | [ (R (R

A | "\ 1l L \ 1/l .l i

T VAN A A 17 A | 1 1 N ||

§ \l 1 W Ul ll W l il 1l 1l i Wl il

4 200 i 1t 1 i i B i H 1 1i i T

§ l ¥ Y ¥ ¥ v ] ] y y y | v
¢

a0

00

0.118 o118 012 0122 0124 0120 0.128 Q.13 0.132 0134 0136 0.138 0.14

[ marker[_in | Deia | st

Fow UL Frequency: 2

LED STATUS

eanoogy I __mn__] ® sessionAciive

UL Frequency:
| | | I b I
| I“n MW 'u m H'u W IH”\"\"M LI
Fraquency [ 5 7Y § om0 || “ |‘ 1 f J‘ \l i ‘| “ |1 i ‘l l‘ I ft ‘l |‘ f Il \‘, f i ‘l l‘ I |‘ ‘l |‘ f I‘ H, f
Fowerlewl |0 | demigey % H||H“||H||H\|H|H‘ll“HlHHJH‘H‘H{H'H‘\ H‘H‘H JH'H
i e L | R ﬂml“\ll“\‘li{'\‘l"r‘il“‘l WHH‘\l"‘HH\‘[I i }\I Ik \||“ i
= | ‘I‘II‘H|H|‘H\H\H‘H“H“H‘l ‘\{‘%"I‘\“;l\“\l “H‘H"l %HI‘\‘ ||H
= ‘ ‘ |
ouls  Fhwelt Fhes[oon | 7 l‘_\ \‘ [ “I | ” ‘ I ‘l I‘ ‘I ” I \l L ‘ ‘LI | ‘I | \‘l ‘_\ I l\\ {‘ ‘
i ]| |} (OO
[BTIBT_LE_2Mbps_1010_80Miavsg | " .
[ Count|0 = [ sop  [Pay]
” - - [] Marker[ Min | Deiia E“"["“‘ Scale |

BT 4.2

1 bit per symbol

1 Msym/sec

Symbol period = 1us

BT 5.0

1 bit per symbol

2 Msym/sec

Symbol period = 0.5us
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Long Range — Packet Coding

Longer range achieved by adding error correct,
which lowers the effective data rate for user data

Coding Strength Symbol Rate

1 Mbps
2 Mbps
125 kbps
500 kbps

Uncoded
Input

Uncoded
Uncoded
Coded with S=8
Coded with S=2

Used with S=2 and S=8

1M sym/sec
2M sym/sec
1M sym/sec
1M sym/sec

Pattern Mapper

Input bit from the
convolutional FEC encode

Output sequence when
P=4
(used by 5=8)

0
1

0011
1100

Used with S=8
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Bluetooth 5.0 Supported Testing (TX)

For all data rate
- TP/TRM-LE/CA/BV-01-C [Output power]

Test for 1Mbps signal
- TP/TRM-LE/CA/BV-03-C [In-band emissions, uncoded data at 1 Ms/s] (ACP).
- TP/TRM-LE/CA/BV-05-C [Modulation Characteristics, uncoded data at 1 Ms/s]
- TP/TRM-LE/CA/BV-06-C [Carrier frequency offset and drift, uncoded data at 1 Ms/s]
- TP/TRM-LE/CA/BV-09-C [Stable Modulation Characteristics, uncoded data at 1 Ms/s]

Test for 2Mbps signal

TP/TRM-LE/CA/BV-08-C [In-band emissions at 2 Ms/s]
- TP/TRM-LE/CA/BV-10-C [Modulation Characteristics at 2 Ms/s]
- TP/TRM-LE/CA/BV-11-C [Stable Modulation Characteristics at 2 Ms/s]
- TP/TRM-LE/CA/BV-12-C [Carrier frequency offset and drift at 2 Ms/s]

Test for 125kbps signal

- TP/TRM-LE/CA/BV-13-C [Modulation Characteristics, LE Coded (S=8)]
- TP/TRM-LE/CA/BV-14-C [Carrier frequency offset and drift, LE Coded (S=8)]

Information Shared Under NDA — Do Not Distribute
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Auto Test Tool — IQfact+

i [QfactStudio
File Edit Tools Window Help

DEQEJ&(GEJ‘JXEEJ b“jNumbe

ChLitePoint\IQfact+\MTK 7687 3.3.0.Engl_Lock\Bin\ET_TestFlow.txt

4 BT

("1IMSERT DUT )

2INITIALIZE DUT

/ 3.COMMECT_IQ TESTER
4.GLOBAL_SETTIMNGS

\5.LOAD_PATH_LOS5_TABLE /

7 .TK:EDF{ 2402 1DH=

8.TX_EDR 2402 2DH3

he Settings of 9.TX_EDR 2402 3DH1
10.TX_EDR 2402 3DH5 :
ester and DUT 11.TX_LE 2444 1LE > Test items

12,R¥_BDR 24580 1DH1
13.R¥_BOR 2440 1DH5
14.RX_EDR 2444 2DHS

15.R¥_EDR 2444 30H5
&Rk’_l E244411F

.
™\ 17.REMOVE_DUT

\ 18.D15C GNNECT_IQ_TESTEHA

39
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Test item of IQfact+ Tx BDR

6. TX_BDR 2402 1DHL

ANALYZE_POWER_ONLY 0

FREQ_MHZ 1 2402 MHz

PACKET_LENGTH 0

TRANSMIT_0OXFO_SEQUENCE_ FOR_DELTA_F1_AVG : 1

TX_POWER_LEVEL : 8 Level

CABLE_LOSS_DB : 0.00 de

EXPECTED_TX_POWER_DEM : dem

SAMPLING_TIME_US : 0.00 us

PACKET_TYPE : 1pH1

Test Time = 1.575 s
PAYLOAD_ERRORS : 0 error (, ) _
ACP_MAX_POWER_DBEM_OFFSET_ l1: -20.05 dem (, )
ACP_MAX_POWER_DBM_OFFSET_-2: -51.75 dem (, )
ACP_MAX_POWER_DBM_OFFSET_-3: -56.63 dem (, )
ACP_MAX_POWER_DBM_OFFSET_-4: -58.11 dem (, )
ACP_MAX_POWER_DBM_OFFSET_-5: -59.48 dem (, )
ACP_MAX_POWER_DEBEM_OFFSET_0: 5.10 dem {, ) —  TRM/CA/06/C
ACP_MAX_POWER_DEM_OFFSET_1: -22.00 dem {, )
ACP_MAX_POWER_DBM_OFFSET_2: -52.75 dem {, )
ACP_MAX_POWER_DEM_OFFSET_3: -56.02 dem {, )
ACP_MAX_POWER_DEM_OFFSET_4: -58.70 dem {, )
ACP_MAX_POWER_DBM_OFFSET_ 5: -59.79 dem (, ) -
BANDWIDTH_20DB : 830.321 kHz (, ) _— TRM/CA/O5/C
CABLE_LOS5_DB : 29.00 de (, )
DATA_RATE_DETECT : 1.00 Mbps (, ) _
DELTA_F1_AVERAGE : 163.64 EHz E ;
DELTA_F2_AVERAGE : 161.19 Hz (,
DELTA_F2_AV_ACCESS : 163.65 kHz (, ) L TRM/CA/07/C
DELTA_F2_F1_AV_RATIO : 0.99 (, )
DELTA_F2_MAX : 155.48 kHz (, )
DELTA_F2_MAX_ACCESS : 162.65 kHz (, ) -
FREQ_DEVIATION : 161. 39 khz (, )
FREQ_DEVIATION_PK_TO_PK : 3169. 57 tHz E, %
FREQ_DRIFT : -3.11 Hz (, -
FREQ_EST : -12.64 kHz (, ) } ISWEJQ//SS;S
FREQ_EST_HEADER : -20.94 kHz (, )
MAX_FREQ_DRIFT_RATE : 0.79 kHz (, ) = TRMJ/CA/09/C
POWER_AVERAGE_DBM : 3.92 dem {, )
POWER_PEAK_DBM : 4.17 dem {, ) } TRM/CA/01/C
TARGET_POWER_DEM 8.00 dem {, )
ERROR_MESSAGE [Irrfo] Function completed.
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Test item of IQfact+ Tx EDR

22.T¥_EDR 2440 3DH5

FREQ_MHZ : 2440 MHz

PACKET_LENGTH 0

TX_POWER_LEVEL 8B Level

CABLE_LOSS_DB : 0.00 de

EXPECTED_TX_POWER_DEM : -99999,99 dBm

SAMPLING_TIME_US : 0.00 us

PACKET_TYPE : 3DH5

Test Time = 1.045 s
PAYLOAD_ERRORS 0 error (, ) -
ACP_MAX_POWER_DBM_OFFSET_ 2: -31.77 dem , )
ACP_MAX_POWER_DBM_OFFSET_-3: -49.59 dem {, )
ACP_MAX_POWER_DBM_OFFSET_-4: -51.13 dem {, )
ACP_MAX_POWER_DBM_OFFSET_-5: -51.71 dem {, )
ACP_MAX_POWER_DBM_OFFSET_0: 1.09 dem (, ) TRM/CA/13/C
ACP_MAX_POWER_DBM_OFFSET_2: -34.65 dem {, ) B
ACP_MAX_POWER_DBM_OFFSET_3: -49.67 dem (, )
ACP_MAX_POWER_DBM_OFFSET_4: -51.65 dem (, )
ACP_MAX_POWER_DBM_OFFSET_5: -52.39 dem (, )
ACP_MAX_POWER_DB_OFFSET_-1: -34.45 de (, )
ACP_MAX_POWER_DB 0FF5ET_1 -34.69 de (, ) -
CABLE_LOSS_DBE : 29.00 de (, ) —~
DATA_RATE_DETECT : 3.00 Mbps (, )
EDR_EWVM_AW : 0.05 E, g
EDR_EVM_PK : 0.14 , —
EDR_EXTREME_OMEGA_D : 1.00 kHz (, ) TRM/CATLLIC
EDR_EXTREME_OMEGA_ID : -17.32 kHz (, )
EDR_OMEGA_T : -17.56 kbz (, ) <
EDR_POW_DIFF_DB : 0.13 dB E, g ; TRM/CA/10/C
EDR_PROB_EVM_99_PASS : 100.00 % (,
FREQ_DEVIATION : 163. 54 kHz (, ) TRM/CA/11/C
FREQ_DEVIATION_PK_TO_PK 395.92 kHz (, )
FREQ_EST : -15.59 kHz (, )
FREQ_EST_HEADER : -17.56 kHz (, )
POWER _AVERAGE _DEM : 4.19 dem , )
POWER_PEAK_DEM : 7.01 dem , )
TARGET_POWER_DEM 8.00 dem (, )
ERROR_MESSAGE [IrrFD] Function completed.
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BT LE test item vs |Qfact+

475.TX_LE 2444 1LE

ANALYZE_POWER_ONLY 0
FREQ_MHZ : 2444 MHz

PACKET_LENGTH 0

TRANSMIT_OXFO_SEQUENCE_FOR_DELTA_F1_AVG : 1

TX_POWER_LEVEL 10 Level

CABLE_LOSS_DB :0.00 dB

EXPECTED_TX_POWER_DBM :-1dBm

SAMPLING_TIME_US :0.00 us

PACKET_TYPE J1LE

Test Time =2.856 s

CRC_OK : 1 ) -

ACP_MAX_POWER_DBM_OFFSET_-1: -11.69 dBm (,)

ACP_MAX_POWER_DBM_OFFSET_-2: -38.59 dBm (, -20.00)

ACP_MAX_POWER_DBM_OFFSET_-3: -47.78 dBm (, -30.00)

ACP_MAX_POWER_DBM_OFFSET_-4: -52.98 dBm (, -30.00)

ACP_MAX_POWER_DBM_OFFSET_-5: -55.08 dBm (, -30.00) o
ACP_MAX_POWER_DBM_OFFSET 0: 8.70 dBm () L 6.2.3 TRM-LE/CA/03/C (In-band emissions at NOC)
ACP_MAX_POWER_DBM_OFFSET_1: -11.26 dBm (,)

ACP_MAX_POWER_DBM_OFFSET_2: -38.71 dBm (, -20.00)

ACP_MAX_POWER_DBM_OFFSET_3: -47.58 dBm (, -30.00)

ACP_MAX_POWER_DBM_OFFSET_4: -53.19 dBm (, -30.00)

ACP_MAX_POWER_DBM_OFFSET_5: -56.12 dBm (, -30.00)

CABLE_LOSS_DB : 9.50 dB (,) -

DATA_RATE_DETECT : 1.00 Mbps (, )

DELTA _F1_AVERAGE : 245.12 kHz (225.00, 275.00) .

DELTA_F2 AVERAGE =~ = 22904 kHz () . 6.2.5 TRM-LE/CA/05/C (Modulation characteristics)
DELTA F2 F1_AV_RATIO : 0.93 (0.80,)

DELTA_F2_MAX : 189.77 kHz (,)

DELTA_FO_Fn MAX  : 343 kHz (,) .

DELTA_F1_FO : 0.77 kHz (, )

DELTA_Fn_Fn5_MAX : 2.7 kHz (,)

FREQ_DEV_SYNC_AVG : 255.16 kHz (,) o 6.2.6 TRM-LE/CA/06/C (Carrier frequency offset and drift at NOC)
FREQ_OFFSET : 1.50 kHz (-150.00, 150.00)

Fn_MAX : 455 kHz ()

POWER_AVERAGE_DBM  : 8.15 dBm (,)

POWER_PEAK_DBM . 9.06 dBm (,) } 6.2.1 TRM-LE/CA/01/C (Output power at NOC)
TARGET_POWER_DBM : -1.00 dBm (,)

ERROR_MESSAGE :[Info] Function completed.
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BT LE correlation with 1Qxel GUI

UL Frequency: 2402.000 MHz

6.21 TRM-LE/CA/01/C (Output power at NOC)

— -20dBm = Pave= +10 dBm EIRP
— Prk=(Pavc + 3 dB)

6.2.5 TRM-LE/CA/05/C (Modulation characteristics)

Name Value Avg Max Unit

£ Soma 291 — = e / 1. 225 KHz < Aflayg < 275 kHz

Pe ak Power 299 2.99 299 dBm

P chel Dt Rl Lt - w 2. Atleast 99.9% of all Af2,.x frequency values recorded over 10 test packets must
Init Freg Offset 8192 8192 _8 192 kHz be greater than 185 kHz

Delta F1Average - - - kHz 3 Afzmg = 0.8

Delta F2 Average 235746 235746 235746 kHz : A1, ‘

Avg Dev Synch 243199 243199 243199 kHz

|Fn| Max 9.876 9876 9876 kHz

[F0-Fn| Max 2793 2793 2793 kHz 6.2.6 TRM-LE/CA/06/C (Carrier frequency offset and drift at NOC)
IF1-FO| 0.950 0950 0950 kHz / .

[Fn-Fn-5| Max 2374 2374 2374 kHz Pass Verdict

CRCOK true true true — frx=150kHz < f, < frx + 150 kHz
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where frx is the nominal transmit frequency and n=0,1,2,3.. k
— |f0—fn| =50 kHz
where n=2,34.. k

|1 — fo < 20kHz and o ~a-laegr0.5 < 20kHz




|Qfact+ for BT5

-
#® IQfactStudio

File Edit Toocls Window Help

DB 20 BT 4 X E QP O nmbeofruns: 1

C:\LitePoint\IQfact_plus BLE_generic\IQfact+_GenericBLE 3.3 3.Eng2\bin|  IMPUEParameters s

4 87 No filter - [C] change Al No filter
1.GLOBAL SETTINGS - = -
2INSERT DUT Name Value Type  Unit .
S v [ U 4 TRANSMIT 0XFO_SEQUEN... 1 Integer P — Tr ans |tt er T e St .
4.LOAD_PATH_LOSS_TABLE 6 CABLE_LOSS_DB i Double  dB m .
5 INITIALIZE_DUT 2 aced . “ ”
6.T%_LE 2404 1LE 7 EXPECTED_TX_POWER DBM 10.00 Double B C f P k t T f
indeammeas Ao i 2 e onnigure "Facket lype as one o
S.RY_LE 2004 1LE 8 SAMPLING_TIME_US 0.00 Double  us s laced . . . .
9.RX_LE2478 1LE £ d th f t th t t t
10.RX_SWEEP_LE 2442 1LE B LGSl String c ety e Con I Ura |OnS In e eS I el I l
HEDSEONNECIIIQRIESIER PACKET_TYPE S00KLE String
12.REMOVE_DUT - l6__ acew

Test Summary

LCP_MRX POWER DBM OFFSEI_-5 : -62.11 dBm|
LCF_MAX_POWER_DBM OFFSET_O : -0.26 dBEm
ACF_MAX_POWER_DBM OFFSET_1 : -20.33 dBm.
LCP_MAX_POWER_DBM OFFSET_2 : -53.05 dBm,

ACP MAX POWER DEM OFFSET 3 : -58.36 dEm.
ACP_MAX_POWER_DBM OFFSET 4 : -50.75 dBm

'

® 1QfactStudio

File Edit Toels Window Help

D 6‘“’ E X D_- ﬁj ]‘ ¥ X A a b 6NumhernFRuns: 1

Co\LitePoint\[Qfact_plus BLE_generic\IQfact+_GenericBLE 33,3 Eng2\biny| ~ [PUtFarameters = R H T .
4 (BT o filter - [Cchang= sl [Nof ecelver eSt
1.GLOBAL SETTINGS = . - = | C f “ P k t T ” d
ame alue e nr
::?SSLTEE'E ;UESTER 2 CABLELOSSDB 000 Doble  dB " onftl g ure acCke ype an
4.L0AD_PATH_LOSS_TABLE “ »
w0t R . Waveform Name” in the
6.TX_LE 2404 1LE 4 RX_POWERLEVEL  -70 Double  dBm 5 . . .
7.TX_LE 2478 S00KLE f f h
Ty e |ormonsieG Sting . con |gurat|on of the test item
L
L0.RX_SWEEP L 2642 1LE 6 PACKET_TYPE 2AE String =
EIRHE?\S‘:{?‘TEN;E;'IQ—TESTER 7 WAVEFORM_NAME  2LE.iqvsg String = 6
Test Summary
ACP_MEX_POWER_DBM_OFFSEI_-5 : -62.
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