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BLUETOOTH BR/EDR TEST MODE (SIGNALING)

Test control commands |

Test mode type

— TXtest mode

—  tester sends poll packets, EUT responds with
requested test packets

—  Loopback test mode

—  tester sends test packets, EUT returns test
packets with the received payload

Hopping on/off - RF channel(s) to be used
Packet type, packet length
Pattern type (PRBS9, 10101010, 11110000)

3

Rohde & Schwarz  Nov, 2023 BT LE & UWB

Local enabling
for test mode

A 4

UART (USB)
HCl interface

Test control commands
Power control commands
Test packets
Poll Packets

<IllllIlllIIIIIIIIIIIIIIIIIIIIIIII EEEEEE
‘real’ Bluetooth Test packets

connection
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BLUETOOTH BR/EDR

SIGNALING

.

I"‘ﬁ; Bluetooth Signaling - X3.2,30.43

y

B GEX] | oweioon

Bluetooth 1
Multi Eval.

—

Bluetooth 1
RX Meas.

e ——

TX measurements

RX measurements

Bluetooth

ling

Routing
test mode
parameters

lConfig

Connection Status Gengfal Setup
o G ol i
T, d STANDBY st Mode Loopback Test
ChW BD Address 123456123456 hex RF Setup
EUT BD Address R (EUT) TH (EUT)
+=Default 123456789012 hex Channel 78
“-Far Pagin ~  00025BO0ASAS5 ~ F 2480.0 z 2402.0 z
select EUT for LR ey MH MH
. R¥ Power Hopping r
paging Event Log T Level (ChW) —40.00 JdBm
16:15:2 Io Detach complete Exp. Mom. Power 10.00 «JBm
16:15:21 ¢ Detaching Dirty TX -
1 19§ Test control acknowledged = —
16:15:19 g Send test_control S]] HirrosEiEaiE e
16:15:19 fp Activate test mode Packet Type DH1 -
16:15:19 ffp Read device info complete = \ Payload Length 27 byte(s)
EUT Info - (| attern Type 10101010 -
Device Mame CSR- b7 X
LMF Version 3.0 + HS Wit 3l -
LMP Subversion 7398
g Connect
tnqulre lConnect lTestmude l l l I
search for connect to EUT w/o activating connect to EUT and activate

EUTs

testmode

4 Rohde & Schwarz

(simple go/nogo test)

testmode to perform RF tests

Nov, 2023 BT LE & UWB
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BLUETOOTH BR/EDR ——_——

Power vs. Time

TX MEASUREMENTS i |

]
l

vkt bl
“0 20 o n “© 20 80 100 120 140 0 180 N0 220 M0 200 280 W0 320 @ 0 80

» Full set of TX measurements B P
— Basic rate: NMMF AN I ML O MH
- Nomlnal power SpemummdB"Ba:lw;:m e ":»e’:;u::i(‘: o
— Frequency accuracy, frequency drift and max. drift rate EI i
Frequency deviation il Tﬂ.:.,..‘-!llll-,.,.:.g
Spectrum - 20 dB bandwidth e —

|
-0

— Spectrum - adjacent channel power (79 channels) e =
— Spectrum —_ freq uency range -325 Peak Power [dBm] -3.00 Leakage Power [dBm] -73.73
(?5 Bluetooth TX Measurement - Mutti Evaluation Qﬁ

Freg: 2402.0000000 MHz Reflvl:  0.00 dBm Burst Type: Enhanced Data Rate  Packet Type: 2-DH1

B Enhanced data rate Power vs. Time Differential Error Vector Magnitude
— Nominal power (GFSK, DPSK) =

— Frequency stability w; and w4 (drift) ‘
Differential error vector magnitude it ARSI

Spectrum — in-band emmissions (79 channels)
— 1/Q constellation diagram e I
— Phase difference graph iR O
Phase Encoding measurement T

~6.03_RMS DEVM 0.029_Fraq Stability i [kHz] -0.72_|

TX Mea t Power vs. Tim:

5 Rohde & Schwarz NOV, 2023 BT LE & UWB [Norinal Power [dBm] —s.ose oesra-araski COMPANY RESTRICTED




PATTERN TYPES

FOR RF MEASUREMENTS

» @ Off Ay — » 0 T 1 » B Off
o 10101010 o
100
o
-100
-zo0 Sym
140 150 160 170 180 190 200 210 220 230 240 250
* U= ot W * 07 1 * B =23
200 [KHz [ 11110000 | e
150
100
50
o
-50
100
150
200 Sym
140 150 160 170 180 190 200 210 220 230 240 250
* 8= on - + 0] ; +B= off
[ PRBS9 | Py
150
100
50
o
-s0
100
150
200 Sym
140 150 160 170 180 190 200 210 220 230 240 250

6 Rohde & Schwarz  Nov, 2023 BT LE & UWB

Measurements acc.
to Bluetooth RF Test
Specs for
BR and LE

Frequency Dirift
and Drift Rate

Modulation
Characteristics
(Af2)

Modulation
Characteristics
(Af1)

Power

Initial Carrier Frequency
Tolerance

Spectrum

Sensitivity

Measurements acc.
to Bluetooth RF Test
Spec for
EDR

| Power

Initial Carrier Frequency
Tolerance

Carrier Frequency
Stability and Modulation
Accuracy

| Spectrum

Sensitivity
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BLUETOOTH LE

DTM MODE- UART / USB

[ Direct test mode commands

1 Reset EUT
— RF channel

— Payload length
1 Test End

1 Activate direct test mode TX or RX)

— Pattemn Type (10101010, 11110000 or PRBS9)

8 Rohde & Schwarz

.......

» USB / serial >
converter

- ACK/NAK

- number of correctly received packets

N

Test packets
(RX test)

Nov, 2023 BT LE & UWB

Test packets
(TX test)

2-wire
interface

uUsB
HCI
interface

/

recommended

USB-to-serial
converter:

ATEN UC232A

TON
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BLUETOOTH LE
DTM MODE

(87 CMW 500 V 4.0.62 - Bluetooth Signaling 1 V4.0.60

@ 9 Rohde & Schwarz  Nov, 2023 BT LE & UWB

Connection Status Standard LE E N
T @ |0peraﬁng Mode Direct Test Mode |l Multi Eval.
MPHY 2 Mbps
Roc Powver - 1 Mbps Bluetooth 1
2 Mbps RX Meas.
Test Packet Sync Word 71764129 hex |RF Setup ong Range
Rx/T:
*EUD) Go to
Channel 0
Frequency 2402.0 MHz
Tx Level (CMW) —40.00 dBm ||Routing
Exp. Nom. Power 55.00 dBm
Auto Ranging [
Dirty Tx | |
ISignal Characteristics
PacketType  |RF PHY TestRef -
Payload Length 37 byte(s)
Pattern Type  |10101010 -
Event Log E . B_Iueto_oth
Signaling
02:36:4-0_15!06“ is not discoverable |— ' ON |
02:36:40 1574 SC: Slave Host Stopped. I
02-36:39 9674 Standby.
02:32:51.5654LE Stack: Initialization complete.

Config ___

— |

TX measurements |

~— |

RX measurements |

test mode
parameters
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BLUETOOTH LE

DTM MODE

| EUT UART settings |

10 Rohde & Schwarz

(87 CMW 500V 4.0.62 - Bluetooth Signaling 1 V4.0.60 - O *
|
Connection Status _— neral Setup Bluetooth
Connection Status _ Standard LE = e
}CMW (Master) . Operating Mode |Dired Test Mode ~| |Multi Eval.
o None (Direct Test Mode Off) | = | PHY |2 Mbps ~|
Hone (Direct Test Mode Off) Bluetooth 1
USB 1o RS232 adapler RX Meas.
| EUT Control IRF Setup
HW Interface USB to RS5232 adapter ﬂ RxTx (EUT) Go to
EUT Comm Protocol |HCI ﬂ Channel 0
Wirtual COM Port |None J Frequency 2402 0 MHz
Baud Rate |9600 | |TxLevel (CMW) —40.00 dBm
Stop Bits |1 | | Exp. Nom. Power 55.00 dBm
Parity |None =] Auto Ranging |
Protocal N = Dirty Tx o
roloee I_m"’ |signal Characteristics
s N PacksiType | RF PHY TesiRef -l
Use BRIEDR Settings [
Payload Length 37 byte(s)
Pattern Type | 10101010 |
Event Log B x

02:36:40_15!06"\’! is not discoverable

02:36 40_15!056: Slave Host Stopped.
39.967 ) Standby.

1.5654PLE Stack: Initialization complete.

Nov, 2023 BT LE & UWB

/l TX measurements |

\l RX measurements |

search for available

COM ports
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BLUETOOTH LE
TX MEASUREMENT

....u

e u
PRI

130 A0 (L0 o] il iﬁl‘!

CULL LN pisplay

Bluetoath
Sigmaling
o

Spactrum ACP

alyan

. Eac.m
O A U TR TR R I TR TR

TX Measurement Modulation snannan

Fominal Powar [dBm] 8,23 Freg Accuracy [kHz| -24.0

TX Measurement Power vs, Time LT

Lumrana Powar [dEm| 833 Paak Power [dB8m) B50 Peak Powar - &g Pawar [d8] 057

IV (hitaster) ﬂ Direct Test Mode IME

B

@ 11 Rohde & Schwarz  Nov, 2023 BT LE & UWB

m

1200

1400

00 1 EO0

Freq &ccuracy [kHz|
Freq Cf=ef [kHz]

2000 2200

Freg Onft [kHz|
Initia| Freq Cnft [kHz]
Waxs ek Hate [kHzE0ps]
Siaristics

Fren Day AF 2max [kHz]

CAAUY (Miagter) G Direc Test Mode

Stop

Repetition .. oo
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CMWRUN CMW-KT057:
BLUETOOTH TEST AUTOMATION

» Individual Bluetooth RF testing for R&D and verification
» Bluetooth RF pre-qualification testing (test cases)
» Straightforward to use

— Create your own test sequence or use
a pre-defined example sequence

— Execute the test sequence
— CMWrun generates a test report
— Store the test report

R&S®CMWrun

ROHDE&SCHWARZ
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CMWRUN KT057
BLUETOOTH RF TEST CASES FOR BR AND EDR

*  TRM/CA/01/C (output power) These tests require at least
®  TRM/CAJO3/C (power control) il h |
*  TRMJCA/04/C (TX Quiput Spectrum - frequency range) a §|ng €-Channe C_MW
e TRMJCAJO5/C (TX Output Spectrum -20dB bandwidth) with Bluetooth options
*  TRMJCA/OE/C (TX Quiput Spectrum -adjacent channel power)
&  TRMJCAJO7/C (modulation characteristics)
®  TRMJCA/OS/C (initial carrier frequency tolerance) ‘
& TRMJCAJOS/C (carrier frequency drift) / e [ E® —
a EEC|CE .
&  RCV/CAJ01/C (sensitivity - single-slot packets) g tﬂds ? ‘i’
®  RCV/CA/D2/C (sensitivity - multi-slot packets) 2 | O L 6.
& RCV/CAJO6/C (maximum input level) o | E%ug GD @ @
* TRM/CA/10/C (EDR Relative Transmit Power) :
*  TRM/CA/11/C (EDR Carrier Frequ.Stability and Mod. Accuracy)
*  TRM/CANZ/C (EDR Differential Phase Encoding)
*  TRM/CAf13/C (EDR In-band Spurious Emissions]|
*  TRM/CAM4/C (Enhanced power control) = =
These test require a dual-channel CMW with
. Eg;{gﬁggg EEEE g;gsi;ilvimp - ] EDR ARB generator, spectrum analyzer option and
. oor Performance
*  RCV/CA/10/C (EDR Maximum Input Level) an external CW generator up to 12.75 GHz
SGMA (SGS100A)
TRM{CAJ02/C (Fower Density) y \

RCV/CAJD3/C (C/ performance)

RCV/CAJD4/C (Blocking performance)

RCV/CAJO5/C (Intermodulation performance)
(

RCV/CAJO9/C (EDR C/l Performance)
,advanced' tests |-

13 Rohde & Schwarz Nov, 2023 BT LE & UWB COMPANY RESTRICTED



CMWRUN KT057
BLUETOOTH RF TEST CASES FOR LE

TRM-LE/CAJ0T/C (Qutput power at NOC)

TRM-LE/CA/02/C (Output power at EQC)

TRM-LE/CAJO3/C (In-band emissions at NQC)
TRM-LE/CA/04/C (In-band emissions at EQC)
TRM-LE/CAJO5/C (Modulation characteristics)
TRM-LE/CA/OE/C (Carrier frequency offset and drift at NOC)
TRM-LE/CAJO7/C (Carrier frequency offset and drift at EQC)

RCV-LE/CAJOT/C
RCV-LE/CAJO2/C
RCV-LE/CAJOB/C
RCV-LE/CA/O7/C

Receiver sensitivity at NOC)
Receiver sensitivity at EOC)
Maximum input signal level)
PER Report Integrity)

—

These tests require at least
a single-channel CMW
with Bluetooth options

iep
L@

RCW-LEJCAJO3/C(C/l and receiver selectivity performance)
RCWV-LE/CAJ04/C (Blocking performance)
RCW-LEfCAJO5/C (Intermodulation performance]|

,advanced' tests

14 Rohde & Schwarz Nov, 2023 BT LE & UWB

These test require a dual-channel CMW
with ARB generator and
an external CW generator up to 12.75 GHz
SGMA (SGS100A)

COMPANY RESTRICTED




CMWRUN: SETUP FOR RF PRE-QUALIFICATION TESTING

CMW RF Channel 1: CMW RF Channel 2:
Bluetooth wanted signal Bluetooth modulated signal
(PRBS9) (PRBS15)

1 Spectrum analyzer

A

\ 4 \ 4
internal combiner

(advanced frontend)
i SGMA (SGS100A)
= o - static sinewave signal
N = (CW) 12.75 GHz

'..'" = | S

external

combiner
S e f

15 Rohde & Schwarz  Nov, 2023 BT LE & UWB
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R&S UWB SOLUTION
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Automotive - Virtual Classroom Training

T&M Applications in R&D

R&D of UWB modulators

R&D of UWB receivers

R&D of UWB amplifiers

R&D of UWB modules

17 Rohde & Schwaxov, 2023

4 )

UWB signal

generator
N J

Modulator
Tx

| Receiver
RX

BT LE & UWB

4 )
UWSB signal
—
generator
A J

analyzer

UWB signal }

A

p
UWSB signal

analyzer

~

J

Ve

Module
Rx/Tx

A

UWB signal

anal./gen.

2 Y

J
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HRP UWB signal generation in all bands

1.000 000 000 000 e (9 30,0000
P UWB 8021544 X

He

o~ @
1.000 000 000 0f } ]
eusmsin | Frame configuration

1 General Irigger In Frame Configuration
uto Internal

Physical Data

Data Source Viterbi Rate

Hop Bursts Chips Per Burst

PHR(Physical Header)

Generation of ot
802.15.4a/z HRP
UWB signals

18 Rohde & Schwarz Nov, 2023 BT LE & UWB

R&SESMW200A
[12.75 GHz; 2 GHz BW]

R&S®SMM100A

[12.75 GHz; 1 GHz BW]

R&S®SMBV100B
[6 GHz; 500 MHz BW]

COMPANY RESTRICTED



UWB HRP Signal generator options
| HRP:subGHz |

(—CMP200 \
0/0* 1/1 1/3* 2/5 2/8 2/10 2/13
- o D . D ), B8 1,
SMM100B
1/4 217 2/11 2/15
\- SMW200A y

| T e e e e e s e e e R e O A A A I I A A I R A I N A |
0 1 GHz 2 GHz 3 GHz 4 GHz 5 GHz 6 GHz 7 GHz 8 GHz 9 GHz 10 GHz

Support of HRP-RDEYV (802.15.4a) and HRP-ERDV BPRF & HPRF (802.15.4z), no LRP support
Options:SMW-K149/449, SMM-K149/449, SMBV-K149/449

19 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



UWB Signal analysis

Solutions for R&D (Signal analysis)

i

.l "O'I 0[
A P ,

B
oD
oo
=
(=)

gao

|

=0
e ©
g8

R&SCFSW26 R&SERTP
- with R&S®FSW-B1200 (1.2 GHz BW) or — plus new UWB analysis option
- with R&S®FSW-B2001 (2.0 GHz BW) (with PC-Software VSE)

optional R&S®FSW-B24 RF preamplifier
plus new UWB analysis option K149

also available: R&S®FSW-B4001/ -B6001/ -B8001

20 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



HRP UWB signal analysis with R&S®FSW26

» Frequency range from 10 MHz (DC: 2 Hz) to
26.5 GHz to support of all HRP UBW bands

» RF modulation bandwidth up to 2 GHz

— With R&S®B1200 support of all mandatory HRP UWB
channels

— With R&S®B2001 support of all mandatory and
optional HRP UWB channels

» Excellent phase noise and DANL characteristic

)] IDﬂﬂl. MO [l[lll Q ® L%

» Wide range of applications and standards
R&S®PFSW26 » HRP UWB measurements with R&S®FSW-K149

Amplifier
measurements

21 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



A perfect setup for the multi-domain analysis for all UNB
channels incl. FiRa defined measurements

i
i
3

"RF FRF

Freq Domain  Time Domain

Power Digital

: Bﬂ@@’ ..l »

il soosse -

R&S®VSE K-149 i R&S®RTP134/164C

22 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



Wideband RF analysis of a IEEE 802.15.4z (UWB) signal using
the build in powerful FFT with intuitive settings

@ m

O = -

-

R&S®RTP134/164C

Example shows an UWB
waveform @7.9872 GHz
(preamble only)

—— N ®

— K

UWB signal in
time domain

Selected signal in

frequency domain

i
1)

e o occupied BW
~| channel power
8.42 1026 171

-49.07 dB |
H

23 Rohde & Schwarz  Nov, 2023 BT LE & UWB

208.31 kHz
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HRP UWB signal analysis with RTP and VSE

Mess SeupTrace Marker Linits Window _Help

"
= [IGroup 1 (NI

> -

R&S®RTP134/164 serves as a wideband
RF frontend and can directly acquire the
UWB RF signal that can be analysed by
the R&S®VSE with the UWB personality

24 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



R&S®CMP200 - Wideband non-signaling test for 5G and more

CMP200 features

» One general purpose analyzer
Frequency range: 4 to 20 GHz

* One ARB generator
Replay of predefined waveforms ( -100 dBm)
Frequency range: 6 to 20 GHz

» Three switchable ports, 1 GHz bandwidth

. J

Compact UWB non-signaling tester for HRP in high band

« HRP UWB PHY TX measurements (802.15.4)
Band group 2: 6.5 t0 9.5 GHz

« HRP UWB RX measurements by use of customer
waveforms or R&S®WinlQSIM2

 Time of flight and angle of arrival measurements

R&SECMP200 R&SCTSTA2

25 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



UWB test setup for RF measurements with the R&S®CMP200

\

woo—

R&S®CMP200

The instrument can be ,divided*

Every IF interface represents one sub
instrument (test environment):

» Sharing the tester with multiple DUTs
» Interleaving made easy

26 Rohde & Schwarz Nov, 2023 BT LE & UWB COMPANY RESTRICTED



HRP UWB transmitter measurements with R&S®CMP200

< Normalized Cross Correlation - UWE 1
Statistic Caunt. Repetition 1
"n Singleshot ¥

Expactad Nominal Power Reference Level

Fraquancy
0.00d8m

5405 MHz v o dem

.:.q,[.|..;

e Tx Messurement - UWE ol Transmnit Spectrum Mask - UWE 1
General

¥ TXModulation (FT
Current  Average 20

Center Frequency Dffset [Hz] a8 “

Center Frequency Offset [ppm]
Chip Clock Error [ppm]

Symbol Modulation Accuracy
Side Lobe Peak
Pulse Main Lobe Width [as] :
symbel Time sitter RMS [ps] B 4
v B Sattings

Symbol Phase litter AMS []
Time Phase Jitter Correlation
Chip Time litter RS [ps]
Chip Phase litter AMS [

Antenua
ser Margin | 0
v Trigger

Chip Phase itter Correlation
F Powe:

Symbal EVM RMS [3]
Chip EVM RMS [36]

> power
» signalino

= Power vs time

chip Clock errar [] 20
Symbol Mad, an
Accuracy Ojos

side obe peak [] 02

o O os

R&SECMP200

COMPANY RESTRICTED
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Example: Normalized RRC cross correlation measurements

SR (0SS correlation

Main lobe (>0.8
Side lobe (< 0.

28 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



Time of flight KiT reference caculation

T,,r= 1000 ps

Y.V

Timing reference  Toa o Toapke

point for ToF } 2055 W0 ’; 780 ps*
IFout o Port1 5 :
Cable: 2m

IFin 4
Cable: 2m
R&SECMP200 R&S®CM-Z300A
B 600 ps
\/” UWB HRP
——
400 ps |
T,s = 208 ps T,s = 209 ps
200 ps | | ‘ - ‘.“-"ww
| Ty =Tos~ Ty2=120 ps |
0ps ‘

2 4 6 S 10 12GHz
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Verification and calibration of Angle of Arrival (AoA)

Conducted Mode

Delay
Phase shift

R&SECMP200

R&S®CMP200

OTA Setup

30 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED



N 1] .
a B
R&S®TS7124 R&S® CMQ500 R&S® CMQ200

w/ CMQ high Extension

UWB RF test solution with R&S chambers
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Typical UWB setup for OTA test with multiple antennas
(recommended for ToF and AoA measurements)

R&S®CMP200 R&SECM-Z300A R&SOSP6T

15 .
A RF Switch

0 Splitter
2 m cable length

R&S®CMQ200-HS
32 Rohde & Schwarz UWB - Sales Toolkit - February 2023 COMPANY RESTRICTED



ATS800R
compact CATR test chamber on a rack

» Key Features & Benefits
— @ 20 cm quiet zone in a footprint of 0.7 m?

— Easily transportable on wheels
— High shielding effectiveness
— 12HU space for instruments in optional rack
— Flexible in use and setup
— With rack
— Benchtop
— On wheels but without rack
— As shield box (no reflector/feed but absorber cover)

33 Rohde & Schwarz UWB - Sales Toolkit - February 2023 COMPANY RESTRICTED



ATS800R - (optional) 3D Positioner CATR-P3DR

Azimuth over

Positioner Type

Elevation
» Positioner CATR-P3DR var.03 _
o DUT Weight < 2.5kg, centered
— 3D positioner
— Not combinable with DUT size 36cm =
temperature bubble Resolution 0.01 degrees
— Includes encoders
. " . 0.25 degrees @1Kkg
— Comes with “snowflake Elevation accuracy 0.50 degrees @ 2.5kg

DUT fixture n
Cable management 2 RF rotary joints
— Upgrade from legacy ATS800R | (optional) 50GHz

possible (CATR-P3DR)

Azimuth Range +/- 180 degrees
_ Optional RJs to azimuth and Elevation Range +/- 180 degrees
elevation axis Rotation speed < 45 degree/sec

CATR-P3RJ var.03

34 Rohde & Schwarz UWB - Sales Toolkit - February 2023 COMPANY RESTRICTED



AoA phase difference antenna calibration with CMP200

» Measure the phase difference offset between
Calibration the antennas at 0° with antenna 1
& Verification~_ - Correct the offset viaue
Verification «  Verify the offsets by measuring the phase
difference at 0° with antenna 1
 Verify AoA at different angles (antenna 2&3)

Phase Difference

35 Rohde & Schwarz  Nov, 2023 BT LE & UWB COMPANY RESTRICTED
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