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Use Signal Studio
to create Bluetooth
test signals

Signal Studio-Bluetooth software

is a powerful tool for creating
Bluetooth baseband 1/Q waveforms
for use with the Agilent ESG digital
series signal generator’'s dual
arbitrary waveform generator.
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Main features

¢ Packet types: DH1, DH3, DH5,

DM1, DM3, DM5, AUX1, HV1, HV2,

HV3, NULL, POLL, ID

e Fully co

ded Bluetooth packets and

Bluetooth modulated data streams

¢ Impairments: sinusoidal and linear

frequen
symbol

cy drift, frequency offset,
timing error, modulation

index, AWGN

Simplifies BER testing

¢ Plot BER versus Clock/Gate Delay

 Plot the I/Q signals and spectrum of

the configured baseband waveform
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This Product Note is a self-guided
tutorial that describes the test sig-
nals that can be created with the
Signal Studio-Bluetooth software.
This document is not meant to be a
Bluetooth technology tutorial. Basic
knowledge of the Bluetooth Radio
specification is required. For addi-
tional information on Bluetooth
technology, refer to the References
section at the end of this document.
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Software overview

The Signal Studio-Bluetooth soft-
ware is an intuitive Windows-based
tool for configuring Bluetooth pack-
ets and Bluetooth modulated data
streams. The software calculates an
I/Q waveform file based on the
Bluetooth signal configuration
parameters set by the user. Most
waveforms take only a few seconds
to build. The waveform file can then
be downloaded to the ESG arbitrary
waveform generator for playback.

In addition to creating waveform
files, the software provides configu-
ration menus for key signal genera-
tor settings, including frequency and
amplitude. The instrument settings,
along with the I and Q waveform
files, are passed to the ESG digital
series signal generator over the GPIB
or RS-232 interface.

After downloading the waveform file
and instrument settings to the signal
generator, it automatically begins
generating the Bluetooth modulated
RF signal. Local control of the signal
generator is then re-enabled and
instrument settings, like frequency
and amplitude, can be modified from
the ESG front panel. The waveform
files themselves cannot be modified
once they have been downloaded to
the instrument.

The waveform files can be saved in
the ESG non-volatile memory and
recalled for playback at any time. If
multiple waveforms are being cre-
ated and the memory capacity
becomes an issue, the Signal Studio-
Bluetooth software configuration
can be saved to the host computer’s
local hard drive. The Signal Studio
software configuration can then be
recalled at any time to re-calculate
and download the waveform to the
signal generator for playback.

Benefits

Signal Studio-Bluetooth simplifies
creating Bluetooth test signals for
use with the ESG digital series sig-
nal generator. Signals can be easily
configured in an intuitive graphical
interface to perform various
Bluetooth transmitter and receiver
RF and baseband tests. Rather than
spending valuable time coding
Bluetooth packets at the bit level, use
the software to create fully coded,
standard-based Bluetooth packets
and Bluetooth modulated data
streams. Simulate a realistic
Bluetooth device signal by adding
noise, frequency, and modulation,
impairments to the signal when per-
forming receiver tests. To facilitate
receiver BER measurements on
Bluetooth devices, an automated
clock/gate delay calibration utility is
provided in the software. Using the
utility, the data, clock, and gate sig-
nal timing alignment at the input of
the ESG internal BER analyzer can
be easily determined and modified
to attain accurate results.



Signal structure

This section provides a quick review
of key Bluetooth signal characteris-
tics. Additional information about
the Bluetooth signal structure can be
found in the Bluetooth System
Specification.

Bluetooth modulation and transmission parameters

Modulation parameters

Baseband Filtering: Gaussian, BT = 0.5

Maximum Frequency Deviation: 140 - 175 kHz

Modulation Index: 0.28 - 0.35

Symbol Rate: 1 Msymbol/second

Transmission parameters

Frequency Band: 2.4 GHz ISM Band
Transmission Scheme: TDD - Time Division Duplex

Spreading Type: FHSS - Frequency Hopping Spread Spectrum
Number of Channels: 79

Channel Spacing: 1 MHz [f = 2.402 + k GHz, k 0,1,2,...78]

Hop Rate: 1600 hops/second

Bluetooth transmission scheme

Time-division duplex

In Bluetooth systems, master and slave devices exchange information by
alternating packet transmissions in time-division duplex, Figure 1. The master
starts its transmission in even-numbered time slots only, and the slave starts
its transmission in odd-numbered timeslots only.

Bluetooth
Packet

Master
Timeslot T; T, T Tiz T,
Slave

= 625 us ™

Figure 1. Bluetooth time-division duplex transmission
scheme.

Frequency hopping

In normal operation, Bluetooth devices typically hop to a new carrier frequency
each timeslot. However, when performing the majority of transmitter and
receiver tests as indicated in the Bluetooth RF test specification, frequency
hopping is disabled.



Bluetooth link types

Two types of links can be estab-

lished between Bluetooth devices:

¢ Asynchronous Connection-Less
(ACL) link

e Synchronous Connection-Oriented
(SCO) link

The ACL link is a point-to-multipoint
link between the master and all
slaves participating on the piconet.
It is considered a packet-switched
connection primarily intended for
transmitting non-time sensitive
information, like data. The funda-
mental packet length in Bluetooth
systems occupies a single timeslot,
as illustrated in Figure 1. To achieve
increased data rates on the ACL
link, packets that occupy multiple
timeslots are used because they have
larger user data fields.

The SCO link is a point-to-point link
between the master and a single
slave. It is considered a circuit-
switched connection primarily
intended for transmitting time sensi-
tive information, like voice. All SCO
link packets occupy a single timeslot;
however, the packet transmission
rate varies depending upon how
much voice information is carried in
the packet payload.

Bluetooth packets
Packet types

There are many different types of
packets used to exchange informa-
tion on a Bluetooth link. They can be
generally categorized into three
groups:

¢ ACL Link Packets
¢ SCO Link Packets
* Control Packets

Structure

All Bluetooth packet types are con-
structed based upon a standard
packet structure, Figure 2. The stan-
dard packet structure consists of
three fields: Access Code, Header,
and Payload. In general, the Access
Code and Header fields carry over-
head information necessary to com-
municate over a Bluetooth link and
the Payload field carries the user
data to be exchanged. The amount of
information contained within the
Payload field and degree of forward
error correction (FEC) changes sig-
nificantly depending upon the
packet type.

Header
54 bits

Access Code
72 bits

Payload
0 - 2744 bits

Figure 2. Standard Bluetooth packet structure.

Connecting to the ESG

The Signal Studio software must be
installed in a host computer prior to
creating Bluetooth test signals.
Before downloading waveforms to
the instrument, verify that the host
PC is communicating with the ESG
digital series RF signal generator.
For additional information on con-
necting to the signal generator, refer
to the Signal Studio Installation
Guide [1].

Creating signals

This section describes how to config-
ure and download Bluetooth signals
to the ESG using the Signal Studio
software. There are four basic steps:
Step 1. Configure the Bluetooth Signal

Step 2. Set up the Signal Generation
Parameters

Step 3. Configure the ESG
Step 4. Calculate and Download



Step 1. Configure the
Bluetooth signal

The Signal Configuration and
Payload Setup menus provide an
intuitive interface for constructing
Bluetooth modulated data streams
and fully coded Bluetooth packets,
Figure 3. To distinguish the type of
signal being configured, an Operation
Mode pull-down menu is provided in
the Signal Configuration menu,
Figure 4. Two modes of operation
are available to choose from: Data
Stream and Packet Generator.

<} Agilent Signal Studio - BLUETOOTH

File Plot Configuation Help

— Signal Cenfiguration

Operation hode W

Link Type:[acL asynchronous) =]
PacketType [ DH1 =]

BD Addr:[  00D000D0DODS
A Addr. 1

Fower Ramp: B us

W Bursting Active

-P;yn ad’s e-tu;

1

Data Distribution: | Single Packet = :
Data Pattern:|prg - 1

1

1

Pattern Reps: :
Pattern Length: 1
1

Fayload Summary: 1
Full Pkts: Fartial Pkis: Fad Pkis: 1
|

1

e A

- Signal Generation Setup
Oversampling Ratio: | 10 ™ Mirror Spectrum

ClockiGate Delay: 0 us Calibrate ..

Impaifments Setup |

Signal Information

Projected Length: 12500 Samples
Event 1 Marker:  Symhbal Clock
Event 2 Marker:  Payload Data Gate

— ESG Configuration

Freguency: 2402 [GHz =

SamplingRate: [ 10 [mHz ~]
Amplitude: 0 dBm Reconstruction Filter: |2 500 MHz - Int. Ref + hkrs

Calculate | Download ‘

Waveform Title: | BT

Figure 3. Bluetooth Signal Configuration and Payload
Setup menus.
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Data stream mode

When operating in Data Stream mode, a
waveform composed of a continuous
non-bursted stream of data can be con-
figured. The Signal Configuration and
Payload Setup menu parameters used to
configure Bluetooth packet structures
(Link Type, Packet Type, device
address, etc.) are disabled in Data
Stream operating mode. Only fields nec-
essary to configure a non-bursted raw
data stream can be modified.

To configure the data stream, select the
desired Data Pattern in the Payload
Setup menu. The length of the data
stream can be defined by either setting
the number of bits in the Length field
or setting the number of times the pat-
tern is repeated in the Repetitions field.

For example, to configure a continuous
PN15 Bluetooth modulated interference
signal, select PN15 in the Data Pattern
pull-down menu and enter 1 in the
Pattern Repetition field, Figure 5.
Alternatively, 32767 could have been
entered into the Length field. When the
Repetitions field is modified, the
Length field is automatically updated,
and vice versa. When downloaded to
the ESG, the dual arbitrary waveform
generator will continuously repeat this
data pattern during waveform playback.
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Figure 5. Setup for
modulated interference signal.

Packet generator mode

When operating in Packet Generator
mode, the Signal Studio-Bluetooth
software creates fully coded, stan-
dard-based Bluetooth packets. Table
1 provides a summary of the differ-
ent packets that can be configured
using the software.

To configure a packet, first set the
Link Type pull-down menu to ACL
or SCO, Figure 6. Then select the

Table 1. Summary of packet types that can be config-
ured using Signal Studio-Bluetooth.

desired packet in the Packet Type
pull-down menu. A different set of
packets is available to choose from
in the Packet Type pull-down menu
depending on which link type is
selected, see Table 1. Control pack-
ets are always available in the
Packet Type pull-down menu
because they are common to both
link types.

Type

Code Length

Packet ACL SCO Control  (b;b,bhy) Description (Slot)
DH1 X 0100 High data rate packet 1
DH3 X 101 High data rate packet 3
DH5 X mnm High data rate packet 5
DM1 X X 0011 Medium data rate packet 1
DM3 X 1010 Medium data rate packet 3
DMb5 X 1110 Medium data rate packet 5
AUX1 X 1001 Auxiliary packet 1
HV1 0101 High quality voice packet 1
HV2 0110 High quality voice packet 1
HV3 0111 High quality voice packet 1
NULL X 0000 Null packet 1
POLL X 0001 Poll packet 1
ID X n/a Identification packet 1

— Signal Configuration

Cperation Mode:| Packet Generatar e
Link Type: | ACL (Asynchronous) ~

BD Addr.: o00000000008

AM Addr:[ 1

¥ Bursting Active

FPower Ramp: 6 us

Figure 6. Link Type pull-down menu.



ACL and SCO packets

The Signal Studio-Bluetooth soft-
ware performs the all the necessary
coding to create the selected packet
type; including forward error correc-
tion (FEC) and cyclic redundancy
check (CRC) for the Header and
Payload fields when required. As a
result, the process for configuring
the different ACL and SCO packets
is very similar. Only a few basic
parameters need to be set so that
the Access Code, Header, and
Payload fields of the Bluetooth
packet can be

created.

Access code

The Access Code field is created
based on the user-defined Bluetooth
Device Address. The Bluetooth
Device Address (BD ADDR) is a
unique 48-bit device address allo-
cated to each Bluetooth transceiver.
To configure the BD ADDR, enter a
48-bit device address in hexadecimal
notation (most significant bit to least
significant bit).

Header

The Header field is created using the
type code of the selected packet type
and the Active Member Address (AM
ADDR) of the Bluetooth device for
which the packet is intended. The
AM ADDR is a 3-bit address used to
distinguish between the active par-
ticipating slaves on a piconet. To
configure the AM ADDR, enter the 3-
bit address in octal notation (most
significant bit to least significant
bit).

Table 2. Basic structure of the packets supported by
Signal Studio-Bluetooth.

Payload

The structure of the Payload field
varies depending on which packet
type is selected. Table 2 provides a
summary of the Payload field struc-
ture for all packet types supported
by the software. Additional details
regarding the packet structure can
be found in the Bluetooth System
Specification.

The Payload Setup menu makes a
variety of custom payload data con-
figurations for single and multi
packet sequences possible. First,
select whether the data pattern is to
be distributed into a single packet or
over a multiple packet sequence
using the Data Distribution pull-
down menu.

Payload Summary

Access
Code Header  Payload Header User Data
Packet Field Field Field (Bytes) (Bytes) FEC CRC
DH1 X X X 1 0-27 no yes
DH3 X X X 2 0-183 no yes
DH5 X X X 2 0-339 no yes
DM1 X X X 1 0-17 2/3 yes
DM3 X X X 2 0-121 2/3 yes
DMb5 X X X 2 0-224 2/3 yes
AUX1 X X X 1 0-29 no no
HV1 X X X n/a 10 1/3 no
HV2 X X X n/a 20 2/3 no
HV3 X X X n/a 30 no no
NULL X X
POLL X X
ID X



Configuring a single packet

When Single Packet is selected
(Figure 7), the software creates a
waveform that consists of one
Bluetooth packet. When downloaded
to the ESG, the waveform is repeat-
edly played back resulting in a
packet sequence comprised of identi-
cal packets.
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Figure 7. Configuring a single packet.

The user data portion of the Payload
field, for the selected packet type, is
filled to capacity with the data type
selected in the Data Pattern pull-down
menu. If PN data patterns are selected,
the PN sequence is truncated after the
maximum amount of user data has
been placed in the packet.

The Length and Repetition fields are
automatically updated as different
packet types and data sequences are
selected; however, these fields can-
not be modified when Single Packet
has been selected in the Data
Distribution pull-down menu.

Configuring a multiple packet sequence

When Multi Packet is selected
(Figure 8), the software creates a
waveform that consists of a multiple
packet sequence. A data pattern is
distributed into the user data por-
tion of each packet in the sequence.
Once downloaded to the instrument,
the signal generator repeatedly plays
back the entire packet sequence. The
net result is the ability to configure
longer data sequences for analysis.
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Figure 8. Configuring a multi-packet sequence.




The data type selected in the Data
Pattern pull-down menu is spread
over the user data portion of the
packet sequence, Figure 9. The
length of the data stream can be
defined by either setting the number
of bits in the Length field or setting
the number of times the pattern is
repeated in Repetitions field. When
either of these fields is modified, the
other is automatically updated. The
number of packets required to
accommodate the Length and
Repetition field settings is automati-
cally updated in the Payload
Summary section of the menu.

Payload Setup

Data Distributiun:lmuiti FPacket 'I

Data Pattern:leg v|

Pattern Reps: 1

Pattern Lenagth: 511

Payload Sumrmary:
Full Pkts: Partial Pkis:
2 1
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Data Pattern:|prg v

0s
1s

0s
Pattern Reps: 108

Pattern Length: PG
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Payload Summary: |3 Bit Pattern
Full Pkte: F Continuous PNG
18 Continuous PN15

Figure 9. Data Pattern pull-down menu.

The user payload of each packet in
the sequence is filled to capacity

with the selected data pattern if pos-

sible. If the length of the data pat-
tern is selected such that it is not
divisible by an integral number of

packet payloads, a packet with a par-

tial payload is generated to accom-
modate the remaining portion of the
data pattern. This packet is then
appended to the sequence of full
packets.

Note: The user payload portion of a
Bluetooth packet must be filled with
an integral number of data bytes.
Zeroes will be appended to the
selected data pattern if the length of
the sequence does not end on an
integer number of user data bytes
for the selected packet type.

Two packet sequence presets,
Continuous PN9 and Continuous
PN15, are provided in the Data
Pattern pull-down menu when Multi
Packet is selected, Figure 9. These
presets are intended to simplify the
setup process when configuring a
packet sequence with continuous PN
data distributed over the user data
portion of each packet payload.
When Continuous PN9 or PN15 is
selected in the Data Pattern pull-
down menu, the software automati-
cally configures the Length and
Repetitions fields, Figure 10. The
number of packets required to
accommodate the selected continu-
ous PN pattern is also automatically
determined and updated in the
Payload Summary section.

—— Payload Setup

Data Distribution: Multi Packst |
Data Patiern:[Continuous PNS ]

—

Pattern Reps:
Fattern Length:

Fayload Summary:
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Figure 10. Payload Setup for a multi packet sequence
with continuous PN9 user data.

Payload summary section

Full packets — Number of packets with
user payload filled to capacity.

Partial packets — Number of packets
with user payload partially filled.
Because the user payload portion of
each packet is filled to capacity if
possible, the number of partial pack-
ets appended to the end of a packet
sequence will always be zero or one.

Pad packets — When the software cre-
ates a multiple packet sequence, the
sequence bit in the Header field is
toggled after each packet transmis-
sion in the sequence. This indicates
to the Bluetooth device that the
incoming packet is not a re-transmit-
ted packet. To maintain an alternat-
ing sequence bit when the waveform
is repeatedly played back, an even
number of packets must be gener-
ated. If the data pattern length is set
such that an odd number of packets
are required to send the data, then a
pad packet is appended to the end of
the packet sequence. The pad packet
has no payload and is only generated
in this circumstance to accommo-
date the alternating sequence bit.



Control packets

As indicated in Table 2, the ID,
NULL, and POLL packets do not con-
tain a Payload field. As a result, the
Payload Setup menu is disabled
when one of these packet types is
selected in the Packet Type pull-
down menu.

NULL and POLL packets are com-
posed of an Access Code and Header
field (126-bit fixed length). When
configuring NULL and POLL pack-
ets, only the BD ADDR and AM
ADDR need to be set.

The ID packet is comprised of only
an Access Code (68-bit fixed length).
Because the ID packet does not con-
tain Header and Payload fields, only
the BD ADDR needs to be config-
ured.

Bursting

In Packet Generator mode, Bursting
can be enabled or disabled in the
Signal Configuration menu. When
enabled, the packet transmission
timing of the test signal adheres to
the Bluetooth TDD slot structure for
the selected packet type. A summary
of the transmission rates for each
the packet types supported by the
software is provided in Figure 11.

DH1,DM1, AUX1, <+
HV1, NULL, T; Ty 1 Tag 1Ts 1Ty 1 Tous 1 Toe 1Ty 1 Tog 1 Tog 1 Tio i Tigy 4 Tiga { Tis ! Ty
POLL, ID 1 1 1 1 1 1 1 1
625 us
HV2 T, Tar 1Tas 1 Tus 1T 1 Tis 1 Tie 1 Tir 1 Tig 1 Tio ! Tiano ! Ty | Tingz § Tinns | Tivga
1/ 1 1 1
625 us
HV3 T, {Tw iTuz iTs | Tie | Tas 1 Tug 1 Tor i Tg i Too | Tieto | Toags | Tinrz | Torts | Thora
T 1 ]
1875 us
DH3, DM3 T, T, Ty
| | I | | I
3125 us
DH5, DM5 ” |§Ta+s ! Ty !

Figure 11. Bursted transmission timing relationships
for different packet types.



At the beginning and end of a packet
transmission, the ESG ramps power
following a user defined burst pro-
file. The burst profile is defined by
setting the number of microseconds,
prior to the first symbol transmis-
sion, over which the carrier fre-
quency is ramped from idle power to
transmit power, Figure 12. The same
burst profile is used to transition the
carrier from transmit power level to
idle power level after the last symbol
of the packet has been transmitted.

A reference burst profile for signal
generator test signals is indicated in
the Bluetooth RF Test Specification.
This reference is used as the default
burst profile setting for signals cre-
ated using the Signal Studio-
Bluetooth software. To deviate from
the reference burst profile, modify
the Power Ramp field. Keep in mind
that as the rise/fall time of the
bursted signal is decreased, the
amount of spectral splatter due to
bursting is increased.

When bursting is disabled, the ESG
transmits concatenated packets with
no power ramping. The effect of dis-
abling bursted transmission is illus-
trated in Figure 13. Notice that there
is no off time between packets when
bursted packet transmission is dis-
abled. This concept can be extended
to all the packet types illustrated in
Figure 11.

g TATimeslot Pedod =625y —— =
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v I I I
1 1 1
[ -] 1 1 1
| | |

r I I
t pOWEr Famp t pOulEr ramp

Time

Figure 12. Burst profile of a single slot packet trans-
mission.

Burst
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Burst
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Figure 13. Bursted and non-bursted single slot
packet transmission.




Step 2. Set up the signal
generation parameters

The Signal Generation Setup menu,
boxed in Figure 14, provides a sim-
ple interface for defining the over-

sampling ratio, mirroring the spec-
trum, delaying clock and gate sig-

nals, and adding signal impairments.
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Figure 14. Signal Studio-Bluetooth Signal Generation
setup and Signal Information menu.

Oversampling ratio

The oversampling ratio defines the
number of samples calculated per
I/Q symbol. Increasing the oversam-
pling ratio of the constructed signal
increases the separation of the sam-
pling images from the desired signal.
This allows for better image rejection
by the baseband reconstruction fil-
ters. However, the improved image
rejection comes with a price. Increasing
the oversampling ratio increases the
waveform calculation time and file
size.

Notice that the projected file length
in the Signal Information section is
updated as the oversampling ratio
setting is increased. The ESG dual
arbitrary waveform generator is
capable of storing and playing back a
waveform or waveform sequence of
up to 1 million samples in length.
This should be kept in mind when
setting the oversampling ratio. For
more information on oversampling
ratio and reconstruction filters, refer
to [4] or the ESG Family Signal
Generator Option UND Dual
Arbitrary Waveform Generator
User’s and Programming Guide.

Mirror spectrum

Enabling the Mirror Spectrum fea-
ture inverts the Q channel, resulting
in a mirrored spectrum. As a signal
normally propagates through the dif-
ferent functional blocks of a receiver,
for example the mixer block, the signal
spectrum may be reversed. Using this
feature facilitates realistic testing of
receiver functional blocks that would
normally be presented with a mir-
rored spectrum signal.

It should also be noted that when
generating signals at IF frequencies
below 250 MHz, the ESG swaps the I
and Q channels, resulting in a mir-
rored spectrum. This occurs because
carriers in the 250 kHz to 250 MHz
band of the ESG are created by mix-
ing down from higher synthesized
frequencies. To compensate for this
effect, connect the I and Q out con-
nectors on the rear panel of the ESG
to the Q and I in connectors on the
front panel, respectively. Alternatively,
configure the Signal Studio-Bluetooth
Mirror Spectrum feature accordingly.



Clock and gate signals

General description

The signal studio software makes
use of the ESG markers to generate
clock and gate signals along with the
configured waveform. These signals
are necessary to perform BER analy-
sis on Bluetooth packets and data
streams using the ESG internal BER
analyzer.

A symbol clock is generated on the
ESG Event 1 port for all waveforms
created using Signal Studio-
Bluetooth. It can be used to indicate
the bit rate of the incoming data
sequence to the ESG internal BER
analyzer. When operating in Packet
Generator mode, a payload data gate
signal is also provided on the ESG
Event 2 port. This gate signal is used
to recover continuous PN9 payload
data from an incoming Bluetooth
packet sequence for BER analysis.
Refer to the Basic Measurements
section for a detailed example of
how these signals are used to per-
form BER analysis.

Clock/Gate delay

When clock and gate signals gener-
ated by the ESG are used to perform
BER analysis, it is important to real-
ize that the test signal transmitted
by the ESG experiences a propaga-
tion delay through the device under
test. As a result, the demodulated
loopback signal must be realigned in
time with the clock and gate signals
at the input of the BER analyzer,
Figure 15. Delay control over the
clock and gate signals is provided by
the software to enable realignment
with the test signal at the input of
the BER analyzer.

ESG digital series RF signal generator
Firmvvare revision B.03.84 or greater
UND - Dual Arbitrary Waveform Generator
406 - Signal Studio-Bluetooth
UNB - Real-Time IIQ Baseband Generator
UNT - Internal BER Analyzer

Bluetooth
DuUT
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Figure 15. To perform BER analysis using this mea-
surement setup, the Clock/Gate Delay setting (A)
must be equal to the propagation delay the test signal
experiences through the Bluetooth device (I).

If the propagation delay characteris-
tics for the device under test are
known, enter the delay value in the
Clock/Gate Delay field during wave-
form configuration. The clock and
gate signals associated with the
waveform will be delayed by the
indicated amount during waveform
playback. The resolution of the
Clock/Gate Delay parameter is
directly coupled to the oversampling
ratio setting. It can be determined by
dividing the symbol period (1 us) by
the oversampling ratio. To increase
the incremental delay resolution,
increase the oversampling ratio of
the configured waveform. When
doing so, remember that increasing
the oversampling ratio also increases
the projected length of the wave-
form.




Clock/Gate delay calibration

If the delay parameter is unknown,
leave the default value (0 us) in the
Clock/Gate Delay field and finish
configuring the waveform. After the
waveform has been calculated, the
automated Clock/Gate Delay
Calibration utility can be used to
determine the delay characteristics
of the device under test.

Signal Generation Setup
Oversampling Ratio: | 10 [~ Mirror Spectrum

ClockiGate Delay: 0 us Calibrate .

Impairments Setup

Figure 16. Signal Generation Setup menu.

_________________________________________

<) Clock/Gate Delay Calibration

. — C/G Sweep Setup

Start: I—D us

End: |—2 us

StepSize: [ 01 us
Repeat: |—1

= BER Analyzer Settings

Total Bits: 10000

________________

Clocki/Gate Delay (us)

Clock Polarity: |[Pos <
Data Polarity: [Pos -
Gate: Off

Clock/Gate Delay 0 us
BER MiA - %

Gate Polarity:
Impedance: [TTL =

Start Set Delay |

OK | Cancel |

Figure 17. Signal Studio- Bluetooth Clock/Gate Delay
Calibration utility.

After the waveform has been down-
loaded to the ESG, select the
Calibrate button in the Signal gener-
ation Setup menu (Figure 16) to
bring up the Clock/Gate Delay
Calibration utility (Figure 17). Once
configured, the calibration utility
generates a plot of BER vs.
Clock/Gate Delay. From the plot, the
correct clock gate delay setting to
realign the signals at the input of the
BER analyzer can be determined

The Clock/Gate Sweep Setup menu
is used to configure the calibration
utility, Figure 18. Enter the
Clock/Gate delay range in the Start
and End fields. Typical propagation
delay through a Bluetooth device
ranges from 1 to 10 us;

however, depending on the test
setup, longer delays are possible.

— C/G Sweep Setup

Start: 1] s
End: 2 us
Step Size: 01 ys

The incremental delay step at which
BER tests are performed is set in the
Step Size field. The resolution of this
field is also directly coupled to the
Oversampling Ratio setting as
described previously. The Repeat
field is used to set the number of
BER test iterations for each
Clock/Gate Delay increment. When
this field is set to 2 or greater, the
BER results are plotted on the graph
for each iteration of the measure-
ment.

Repeat: 1

Figure 18. Clock/Gate Sweep Setup menu.




The ESG internal BER analyzer set-
tings required to perform the
Clock/Gate Delay calibration are
also configured remotely using the
Signal Studio software, Figure 19.
The total number of data bits to be
analyzed at each delay increment is
set in the Total Bits field. The Gate
signal is automatically enabled in
Packet Generator mode and disabled
in Data Stream mode. The default
polarity of the clock, data, and gate
signals is set to positive. This is the
correct setting for the basic mea-
surement setup and should not be
modified unless there is a need to do
so in a particular application.

- BER Analyzer Settings —

Total Bits: 10000

Clock Polarity: |Pos -
Diata Polarity: [Pos -
Gate: On
Gate Polarity: [pos -

Impedance: |TTL -

Figure 19. ESG internal BER analyzer setup menu.

Once configured, initiate the BER test
sequence by pressing the Start but-
ton. A plot of BER vs. Clock/Gate
Delay will be incrementally filled in
as each BER test in the sweep is com-
pleted. With no impairments added
to the signal, a delay that results in
0% BER should be achievable.

After the plot is generated, a marker
is automatically placed at the
Clock/Gate Delay setting with the min-
imum BER test results. The results
section below the graph is updated
to reflect the marker position. The
arrow buttons are used to incremen-
tally move the marker to other
points on the curve. The Clock/Gate
Delay setting and corresponding BER
are continuously updated section as
the marker is moved across the
graph. If the Repeat field is set to 2
or greater, the minimum, maximum,
and average BER is provided in the
results section for each Clock/Gate
Delay increment.

An example plot is provided in Figure
20. In this case, the Repetitions field
was set to 3. The dots indicate the
individual results for each Clock/Gate
Delay increment. The triangles are
placed at the average BER for each
Clock/Gate Delay increment.

AL e

2 neeeneees e b o :
o STR—— L o dimam osoanasanns 5
) ' ‘ ' b
ot : ! : . !
] : ! : 4
- - - === === == Rl W Eea ket Rttt

: T : &

: /o ! po

1) L ) S Pomeeenn- y A
atthaad ] ]

0 5 L s ssdosd |

0 0.5 1 1.5 2
ClockiGate Delay (us)
Clock/Gate Delay 0.9 us 2| = |
Average BER 0.906 %
Max BER 211 %
Min BER 03 %

Figure 20. Plot of BER vs. Clock/Gate Delay with rep-
etitions field set to 3.

When the Set Delay button is
selected (Figure 17), the delay set-
ting of the current marker location is
returned to the Clock/Gate Delay
field in the Signal Generation Setup
menu. As a result, it is important to
remember to return the marker to
the delay setting that yields the min-
imum BER test results prior to
pressing the Set Delay button.

After pressing the Set Delay button,
select the OK button to close the
Clock/Gate Delay calibration utility
and return to the main user inter-
face.

Note: The plot generation process
can be aborted at any time by press-
ing the Cancel button.

An example is provided in the Basic
Measurements section of this docu-
ment that details the measurement
setup and procedure for performing
Clock/Gate Delay Calibration.




Marker rotate SCPI command

To adjust the clock/gate signal delay,
the Signal Studio software sends a
Marker Rotate SCPI command to the
ESG dual arbitrary waveform gener-
ator. The Marker Rotate feature cur-
rently only exists in the Signal
Studio-Bluetooth software. There is
no equivalent soft key available in
the ESG dual arb menu. The Marker
Rotate SCPI command can also be
used when setting up custom SCPI
based test routines. The command
and description are provided below
for reference.

Marker rotate

[:SOURce]:RADio:ARB:MARKer:ROT
ate "filename", <rotate_count>.

The Marker Rotate SCPI command
shifts the I/Q waveform markers by
the indicated number of samples in
the rotate_count field. The shift is
based on the current position of the
markers. The rotate_count cannot exceed
+/- (number of sample points - 1).

Note: This SCPI command is only
supported when using ESG
Firmware revision B.03.84 or
greater.

Signal impairments

The Signal Studio software provides
a straightforward graphical menu for
adding impairments to the Bluetooth
signal. In general, the impairments
are derived from the frequency and
modulation tolerances specified for
Bluetooth transmitters. Adding these
impairments enables the evaluation
of receiver performance with signals
realistically anticipated from
Bluetooth transmitters. All impair-
ments required by the Bluetooth RF
Test Specification to perform single-
and multi-slot sensitivity tests are
provided in the Signal Studio-
Bluetooth software.

Clicking the Impairments Setup but-
ton in the Signal Generation Setup
menu brings up the impairment con-
figuration menu, Figure 21. Each
impairment can be enabled or dis-
abled using the box to the left of the
desired impairment.

<} Impairments Setup

W Mod Index 0.315

v AGH M 30 dB
Seed: 1
v Freg. Drift  Type: |5ine j

Deviatian: 25 kHz

Rate: [16kHz =]

W Freg. Offset 75 kHz

v Sym. Timing Error 20 ppm

8] ‘ Cancel

Figure 21. Signal Studio- Bluetooth Impairments
Setup menu.

Carrier frequency offset

This impairment adds a static error
to the transmission frequency. It is
used to simulate a Bluetooth device
transmitting at a frequency slightly
offset from the specified carrier.



Carrier frequency drift

This impairment adds a dynamic
error to the transmission frequency.
It is used to simulate a Bluetooth
device’s carrier frequency varying
during the transmission of a packet.
The frequency drift impairment
repeats at the beginning of each
timeslot, and occurs across a period
of time equal to the duration of the
packet. Figure 22 illustrates the car-
rier frequency drift impairment for a
single-slot packet. This concept can
be extended to multi-slot packets as
well. The maximum frequency drift
deviation is user defined. The soft-
ware provides two types of carrier
frequency drift:

Linear drift

When linear drift is selected, the car-
rier frequency deviates from the cen-
ter carrier frequency in a positive or
negative linear direction, depending
on the drift deviation setting. For
example, a drift deviation setting of
15 kHz would cause the carrier fre-
quency to drift in a linear fashion
from zero to 15 kHz above the
intended center carrier frequency.

Sinusoidal drift

When sine drift is selected, the car-
rier frequency drifts above and
below its designated center carrier
frequency in a sinusoidal fashion.
The sinusoidal drift rate is defined
in the Rate pull-down menu. The
selected rate should be the inverse
of the number of timeslots the
selected packet type occupies:

» Single slot packet, drift rate = 1.6 kHz
* Three slot packet, drift rate = 500 Hz
¢ Five slot packet, drift rate = 300 Hz

Since packets are slightly shorter
than the number of timeslots they
occupy, they are not fully impaired by
the second half of the drift cycle.
Therefore, it is recommended that
separate positive and negative drift
impairments cases are tested by
changing the drift deviation setting
(for example, 25 kHz and -25 kHz).

Linear Frequency Drift

One Timeslot
366 us ——r

I DH1 Packet

1

625 s ————==

Frequency  +
Drift

Sinusoidal Frequency Drift

One Timeslot

625 us
F 366 s ——r
I DH1 Packet

Deviation
Range -

‘r

/ Positive Drift Deviation Setting

‘\ Negative Drift Deviation Setting
-

Center
Carrier
Frequency

Figure 22. Linear and Si idal Carrier Fr

Drift impairment.
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Modulation index

The modulation index is the ratio of
peak-to-peak frequency deviation to
the bit rate. Modifying this parameter
impairs the peak-to-peak frequency
deviation only.

Symbol timing error

This impairment varies the symbol
rate of the Bluetooth signal. Adding
this impairment adjusts the stan-
dard 1Msymbol/second rate by the
set amount.

Additive white gaussian noise
(AWGN)

This impairment adds noise with a
user defined carrier to noise ratio to
the Bluetooth signal. The carrier-to-
noise ratio and the noise seed are
user defined. The noise seed is used to
initialize the 16-bit shift register used
for noise genera-tion. When repeating
measurements, using the same noise
seed for each measurement iteration
increases the probability of replicat-
ing test results. Although not
required by the Bluetooth RF Test
Specification, this impairment
enables the simulation of non-ideal
environments for receiver perfor-
mance evaluation.




Step 3_ conﬁgure the ESG <} Agilent Signal Studio - BLUETOOTH

File Plot Configuration Help

In addition to the configured — Signal Configuration Payload Setup
Bluetooth waveform, the Signal Operation Mode:|Packet Generator - Data Distribution: [Single Packet =
Studio software passes instrument Link Type:|ACL (asynchronous) = DataPatternifpns 7]

settings to the ESG digital series RF PacketType[¢ DFH 7| 3
signal generator. These are defined in B0 Adsr{ 030300005055
the ESG Configuration menu, boxed o Fattern Reps:
in Figure 23. a Fattern Length:
Payload Summary:
¥ Bursting Active Power Ramp: l—a us Fullrkls: F'arliau\ Pkts: Padg'kts:
~ Signal Generation Setup Signal Information

Oversampling Ratio: | 10 [ Mimar Spectum | | pyoio o | ength: 12500 Samples

ClockiGate Delay: o us Calibrate ... Event1 Marker:  Symbal Clock

Ewvent 2 Marker:  Payload Data Gate

Impairments Setup

:- — ESG Configuration 1.
: Frequency: 2402 [GHz = Sampling Rate: 10 |MHz 1
1
1 Amplitude: 0 dBm Reconstruction Filter: |2 500 MHz - Int. Ref + hikrs 1
(9
Calculate | Download | Waveform Title: | BT
Figure 23. Signal Studio-Bluetooth ESG configuration
menu.
ESG Configuration Parameters
Frequency Defines the frequency at which the ESG will generate the signal.
Amplitude Defines the power at which the ESG will generate the signal.
Sampling Rate This parameter is automatically set when the oversampling
ratio is defined in the Signal Generation Setup menu. It is the
rate at which the waveform 1/Q samples are read from the
dual arbitrary waveform generator memory during playback.
Reconstruction The ESG provides three reconstruction filters (250 kHz, 2.5 MHz,
Filter 8 MHz) and a no filter option (through). The bandwidth of the

baseband signal (2 the RF bandwidth) dictates the minimum
reconstruction filter bandwidth to be used. Depending on the
oversampling ratio and where the image frequencies appear,
a wider bandwidth reconstruction filter may be selected. The
default value (2.5 MHz) should not be modified unless there
is a specific reason to do so. For more information on
reconstruction filters refer to [4].

Internal/External Sets reference frequency for the ESG dual arbitrary baseband
Reference generator to internal or external. If an external reference is
Frequency used, it should be connected to the ESG prior to downloading

waveform and instrument settings.

Marker Polarity Sets the polarity of the ESG Event 1 and Event 2 markers. The
Event 1 marker is used to generate the Symbol Clock and the
Event 2 marker is used to generate the Payload Data Gate.
Both signals are TTL level. Access to these signals is provided
on the rear panel of the ESG.



Step 4. Calculate and
download

Once the waveform and ESG settings
have been configured, the final step
is to calculate the waveform and
download it to the instrument,
Figure 25.
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<} Agilent Signal Studio - BLUETOOTH
File Plot Configuration Help

— Signal Configuration

Operation Mode:| Packet Generatar i
Link Type:[ACL (Asynchronous) ~
Facket Type:[4: DH1 <

BD Addr:[  D0DODODODODS
At Addr 1

¥ Bursting Active

Power Ramp: 6 us

Payload Setup

Data Distribution: | Single Packet =4

Data Pattern:| prg -

Pattern Reps:
Pattern Length:

Payload Summary:
Full Pkts: Fartial Pkis:
1]

Fad Pkis:
1 1]

~ Signal Generation Setup
Oversampling Ratio: | 10 ™ Mirrar Spectrum

ClockiGate Delay: 0 us Calibrate ..

Impairments Setup

Signal Information

Frojected Length: 12500 Samples
Event1 Marker:  Symbal Clock
Ewvent 2 Marker:  Payload Data Gate

— ESG Configuration

Frequency:lwm

Sampling Rate: limlm
Amplitude: 0 dBm Reconstruction Filter: |2 500 MHz - Int. Ref + hikrs

Download J

r
1
] Calculate I_ _

1
Waveform Title: ’El'l'i 1
]

Figure 25. Signal Studio-Bluetooth Calculate and
download menu.

Waveform title

First name the waveform in the
Waveform Title field. This is the
name that will appear in the ESG
user interface after the waveform is
downloaded to the instrument. The
ESG only recognizes waveforms that
are named using the following
alphanumeric characters:

e AthruZz
e 0thru9
e $&_#+-[]

If un-supported alphanumeric char-
acters are used to name the wave-
form, the ESG will generate a File
Name Not Found Error (Error: -256)
when the waveform is downloaded to
the instrument. There is a 20-charac-
ter maximum name length for wave-
form files.

Calculating waveforms

Select the Calculate button. The soft-
ware will generate an I/Q waveform
file in accordance with the current
signal configuration. Waveform cal-
culation typically takes only a few
seconds.

Plotting waveforms

After the I/Q waveform has been cal-
culated, the Signal Studio software
can generate a plot of the baseband
spectrum, I/Q waveforms and the
CCDF. To plot the spectrum, choose
Plot — Spectrum from the menu keys
at the top of the main user interface
window, Figure 25. The plot can be
magnified using the zoom feature in
the Tools pull-down menu at the top
of the plot, Figure 26. Simply select
the zoom feature and use the mouse
pointer to select the section of the
plot to be affected. Plots of the I/Q
waveforms and CCDF can be gener-
ated in a similar manner.

Laghag (d8)

0
Frequency (MHz)

Figure 26. Spectrum plot of the Bluetooth 1/Q wave-
form.



Downloading waveforms

Select the Download button, (Figure
25), to send the calculated I/Q wave-
form file and the signal generator
setting to the instrument. The signal
generator automatically begins pro-
ducing the Bluetooth modulated RF
signal. Local control of the instru-
ment is then re-enabled and signal
generator settings can be modified
from the instrument’s front panel. If
the instrument is in its initial start-
up state or in another personality
prior to downloading a waveform
from Signal Studio, it may be helpful
(but not necessary) to set the ESG
into Dual Arb Mode. This will reduce
confusion because after the wave-
form has been downloaded to the sig-
nal generator, the waveform name
and state of the instrument is clearly
labeled in the Dual Arb user inter-
face (see Figure 27). Only the instru-
ment settings can be modified from
the signal generator’s front panel, the
waveform files themselves cannot be
modified once they have been down-
loaded to the instrument.

Waveform Name

FREQUENCY AMPLITUDE AFB
240200000000 s+ dBn f¢
H ARE RF | MOD Select
lﬁQJ OH | OH Haveform
EaueFD{m'
eaments
ARB elected Waveform: ARBI:BT
Sa 5 5 Reconstruction: 2.500MHz
Dr1 Fef Freq: 10.0000000MHz <Int) Haveform,
Sequences
Trig Tupe: Continuous Retrigger: On
Trig Source: Ext Polaritu: Neg Delau: Off
ARE Setupk
Trigger,
(Continuous?

Figure 27. ESG dual arbitrary waveform generator
user interface.

Saving signal studio setup

The Signal Studio-Bluetooth soft-
ware configuration can be saved to

the host computer’s local hard drive.

The configuration can then be
recalled at any time to re-calculate
and download the waveform to the
signal generator. This is especially
useful when complex frame config-
urations have been created in the
software. From the menu keys at
the top of the window in Figure 25,
choose File — Save As, and then
name the file and save it in the
Agilent\Signal Studio\ESG-b\Bt
directory. The software configura-
tion can be recalled anytime by

choosing the following menu options:

File — Open, then the file name.

Saving waveforms

After the calculated I/Q waveform
has been downloaded to the signal
generator for playback, it can be
saved in the ESG non-volatile mem-
ory for storage and recalled at any-
time for playback. Note that the
instrument states are not stored in
non-volatile memory along with the
waveform. As a result, the ESG set-
tings like frequency, amplitude, and
sample rate will need to be reconfig-
ured from the instrument’s front
panel when recalling waveforms
from non-volatile memory for play-
back.

Alternatively, when the waveform is
initially downloaded to the instru-
ment, the ESG instrument states can
be saved using the SAVE hard key on
the ESG front panel. The instrument
state can then be recalled prior to
selecting the desired waveform from
non-volatile memory for playback.
For more information on saving
waveforms to the instrument, refer
to the ESG Family Signal Generator
Option UND Dual Arbitrary
Waveform Generator Users and
Programming Guide. The 1/Q wave-
form files created by the Signal
Studio software cannot be stored
outside the instrument.
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Sequencing waveforms

The ESG dual arbitrary waveform
generator is capable of sequencing
several waveform segments. If multi-
ple Bluetooth waveform files are
configured and downloaded to the
instrument, custom frame sequences
can be created. Setting up waveform
sequences is accomplished through
the ESG dual arbitrary waveform
generator user interface, not in the
Signal Studio software. For more
information on setting up waveform
sequencing, refer to the ESG Family
Signal Generator Option UND Dual
Arbitrary Waveform Generator
Users and Programming Guide.
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Data sheet for Signal Studio-Bluetooth

Data streams

0s, 1s, 01s, 10s, 8-bit pattern, PN9, PN15

Packet types
ACL
SCO
Control

DH1, DH3, DH5, DM1, DM3, DM5, AUX1
HV1, HV2, HV3, DM1
NULL, POLL, ID

Bluetooth device address

Valid Range: 0000 0000 0000 to FFFF FFFF FFFF Hex

Active member address

Valid Range: 0to 7

Payload data patterns

0s, 1s, 01s, 10s, 8-bit pattern, PN9, PN15

Burst power ramp

Valid Range: 1 to 10 us per power ramp
Resolution: 1 us

Impairments
Frequency offset

Frequency drift
Linear

Sinusoidal

Modulation index

Symbol timing error

AWGN

Valid Range: —100 kHz to +100 kHz
Resolution: 1 kHz

Valid Range: —100 kHz to +100 kHz
Resolution: 1 kHz

Valid Range: —100 kHz to +100 kHz
Resolution: 1 kHz

Rate: 300 Hz, 500 Hz, 1.6 kHz

Valid Range: 0.250 to 0.400
Resolution: 0.001

Valid Range: —50 ppm to 50 ppm
Resolution: 1 ppm

C/N Valid Range: +10 dB to +40 dB
Resolution: 1 dB
Seed Valid Range: 1 to 65535

Clock and gate delay

Valid Range: 0 to 100 ps
Resolution: (1ps / oversampling ratio)

Oversampling ratio

Valid Range: 2 to 20



Basic measure-
ments

Receiver measurements

The Bluetooth RF Test Specification
outlines several test scenarios under
which receiver performance must be
verified. Theses tests are intended to
ensure that receivers in all
Bluetooth devices meet a minimum
performance criterion. A general
overview of the Bluetooth receiver
test cases can be found in
Application Note 1333-1: Bluetooth
RF Measurement Fundamentals.

ESG BER analysis capability

When performing Bluetooth receiver
measurements, bit-error-rate (BER)
is used as a gauge to verify compli-
ant operation. This section describes
the ESG digital series signal genera-
tor’'s BER analysis capabilities.

The ESG internal BER analyzer is
capable of analyzing framed and
unframed continuous PN9 and PN15
baseband data sequences only.
Performing BER analysis on
unframed data requires two signals
(data and clock) while framed data
requires three signals (data, clock,
and gate). The clock signal is used to
indicate the bit rate of the incoming
data sequence to the BER analyzer.
The gate signal is used to enable the
BER analyzer only when the contin-
uous PN9 or PN15 baseband data
portion of a frame is present for
analysis. When performing Bluetooth
BER measurements, the gate signal
is used to recover the continuous
PN9 payload data portion of a
Bluetooth packet sequence. Figure
28 indicates the required ESG con-
figuration to perform BER analysis
on Bluetooth signals generated by
Signal Studio.

ESG digital series RF signal generator

Firmware revision B.03.84 or greater
UND - Dual Arbitrary Waveform Generator
406 - Signal Studio-Bluetooth

UNS - Real-Time I/Q Baseband Generator
UN7 - Internal BER Analyzer

GPIB or R8-232

O o = @}
O ESG digital series |2 & I:l o
o] RF signal = () m==
O = ©

generator =2 D U
9 = *>

Rear Panel RF Output
BER Data | BER Clock In BER Gale In
X ) o' ) ®

Figure 28. ESG configuration required to perform
Bluetooth BER analysis.

BER measurement setup

The ESG does not establish a link
with a Bluetooth device; however,
different BER measurement setups
can still be achieved with Bluetooth
devices that internally implement
various test facilities. These test
facilities do not require a link to be
established. The most common are
the "continuous receive" test facility
and a "loopback" test facility.
Measurement setups for both are
discussed below.

"Continuous Receive"
Operating Mode

A Bluetooth device in "continuous
receive" operating mode must pro-
vide access to the demodulated
Bluetooth signal in order to perform
BER measurements. Access is typi-
cally provided at the FM demodula-
tor or baseband processor output.
The ESG BER analyzer data input
impedance is TTL compatible. If the
recovered baseband signal is not a
TTL level signal, then external cir-
cuitry is required to convert the
recovered baseband signal to TTL
level.
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An example BER measurement setup
is illustrated in Figure 29. In this
setup, the ESG is configured to pro-
vide a Bluetooth modulated RF sig-
nal using Signal Studio-Bluetooth.
The RF test signal consists of a
sequence of Bluetooth modulated
DH1 packets with continuous PN9
payload data.

The Bluetooth receiver demodulates
the signal transmitted by the ESG
and provides access to the Bluetooth
baseband signal (DH1 packets) at the
baseband processor output. This sig-
nal (assumed TTL level) is routed to
the ESG internal BER analyzer data
input.

If recovered clock and gate signals
are also available from the Bluetooth
device’s baseband processor, they
should be used to perform the BER
analysis. Using these signals pro-
vides a more functional test of
receiver clock recovery capability.
Furthermore, these signals have
experienced the same propagation
delay as the demodulated Bluetooth
signal. Hence, they do not need to be
realigned at the input of the BER
analyzer.

If the Bluetooth device does not pro-
vide the clock or gate signal, the
clock and gate signals generated by
the ESG can be used to perform the
BER analysis. The delay setting
found using the Signal Studio-Bluetooth
Clock/Gate Delay calibration feature
should be used to realign the
clock/gate signals generated by the
ESG with the demodulated
Bluetooth signal at the input of the
BER analyzer.
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Figure 29. BER test setup for a Bluetooth device in
"continuous receive" operating mode. Note: Dashed
lines indicate alternate configurations.




"Loopback" Operating Mode

The ESG is not capable of demodu-
lating a Bluetooth RF signal.
Therefore, to perform BER analysis
on a Bluetooth device operating in a
"loopback" test facility, additional
equipment is required to demodulate
the Bluetooth RF loopback signal. In
the test setup shown in Figure 30,
the ESG digital series signal genera-
tor and ESA-E series spectrum ana-
lyzer combine to provide a powerful
BER test solution for Bluetooth
devices operating in "loopback"
mode.

Event1 |Event2
Clock Bluetooth
L’ ESG digital series Radio
Gate signal generator
in » with options RF out
UND. 404, UN7, and UNS Rx =
Data in
LML TTL Levels
Ext video out
ESA-E series .
s RFin
pectrum analyzer T
with the e
Bluetooth Measurement
personality

Figure 30. BER test setup for a Bluetooth device
operating in "loopback” mode.

The ESG is configured to provide a
Bluetooth modulated RF signal using
the Signal Studio-Bluetooth soft-
ware. The RF test signal consists of a
sequence of Bluetooth modulated
DH1 packets with continuous PN9
payload data.

In "loopback" mode, the Bluetooth
device receives, demodulates, and
decodes the RF signal transmitted by
the ESG. The device then re-trans-
mits the recovered continuous PN9
payload data in the same packet
type that it received from the ESG.
The Bluetooth device’s internal test
facility must be capable of this oper-
ation to perform BER analysis in
this configuration.

The ESA-E series spectrum analyzer
with the Bluetooth measurement
personality is used to receive and
demodulate the RF loopback signal
from the Bluetooth device. Access to
the demodulated signal is provided
on the External Video Out port of
the ESA-E. Because this signal is not
TTL level, external circuitry is
required to condition the signal to
TTL level prior to feeding it to the
ESG internal BER analyzer.

The clock and gate signals generated
by the ESG are used to recover the
continuous PN9 payload data por-
tion of the Bluetooth packet for BER
analysis. The delay setting found
using the Signal Studio-Bluetooth
Clock/Gate Delay calibration feature
should be used to realign the
clock/gate signals with the demodu-
lated Bluetooth signal at the input of
the BER analyzer.
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BER measurement example
—C/G delay calibration

This example illustrates the proce-
dure for performing Clock/Gate
Delay Calibration using Signal
Studio. In this example, the mea-
surement setup illustrated in Figure
31 is used. This is very similar to the
test setup illustrated in Figure 29;
however, for demonstration pur-
poses, the Agilent ESA series spec-
trum analyzer (with the Bluetooth
measurement personality) is used to
demodulate the Bluetooth signal
generated by the ESG instead of an
actual Bluetooth receiver.

Note: The ESA does not decode the
Bluetooth signal. Therefore, packets
that implement FEC on the payload
data portion of the packet should
not be used in this test setup.
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Figure 31. E ple BER ement setup using the
ESA to demodulate the Bluetooth signal generated by

the ESG.

In the instrument instructions for performing measurements:

Keystrokes surrounded by [ ] indicate hard keys

located on the instrument front panel.

Keystrokes surrounded by { } indicate soft keys
located on the right side of the instrument display.

Procedure

1. Connect the test setup as shown in Figure 31 and preset the ESG.

Instructions:
ESG-D series signal generator

Keystrokes:
ESG-D series signal generator

Preset the instrument

[Preset]

2. Configure the ESA to demodulate the Bluetooth signal generated by the ESG.

Instructions: Keystrokes:
E4402B ESA E4402B ESA
Preset the instrument [Preset]

Set the frequency to Bluetooth
channel #1 (2.402 GHz)

[Frequency] [2.402] {GHz}

Set the span to 0 Hz

[Span] {Zero Span}

Set the resolution bandwidth to 5 MHz

[BW/Avg] {Resolution BW} [5] {MHz}

Set the video bandwidth to 3 MHz

{Video BW} [3] {MHz}

Set the sweep time to 40 ps

[Sweep] {Sweep Time} [40] {us}

Set the trigger to continuous

[Trig] {Free Run}

Turn auto alignments off

Note: If Auto-Alignments is not
turned off, additional bit errors will
occur when the ESA-E re-calibrates
the IF, because the Ext. Video Out
signal is temporarily interrupted.

[System] {Alignments} {Auto Align} {Off}

Turn FM demodulation on

[Det/Demod] {Demod} {FM}




3. Use Signal Studio to configure a DH1 multi packet sequence that contains
a continuous PN9 data distributed over the user payload portion of the
packet sequence, Figure 32. Do not add impairments to the signal when

performing the initial calibration. Once configured, select the Calculate
button.

<} Agilent Signal Studio - Bluetooth - >
File PFlat Corfiguration Help

— Signal Configuration

Operation Mode:|Packet Generator -

Payload Setup

Data Distribution: | Multi Packet i
Link Type:|ACL (Asynchronousy = Data Pattern:|cantinuous PN9 +
Packet Type:|4: DH1 v

—
BDAddr:| 000000000008 PaemReps:| &
AM Addr:[ 1 [ a008

Fattern Length:

Fayload Summarny:
W Bursting Active Fower Ramp: B US Full Pkts: Partial Pkts: FPad Pkts:
18 1 1
Signal Generation Setup

Signal Information
Cversampling Ratio: | 10 T MinorSpectium | | oo ey | engti: 250000 Samples

ClockiGate Delay: 0 us Calibrate .. Event1 Marker:  Symbal Clock

Impairments Setup

Event 2 mMarker.  Payload Data Gate

— ESG Configuration
Frequency: 2402 |GHz - Sampling Rate: 10 {MHz -
Amplitude: 0 dBm Reconstruction Filter: (2 500 MHz - Int. Ref + Mkrs

Calculate | Download | Waverform Title: | BT
Figure 32. Signal Studio configured to create a DH1
mulit packet seq with conti PN9 data

spread over the user payload portion of the sequence.

4. Use the Calibrate utility to determine the signal propagation delay through
the ESA. Select the Calibrate button in Figure 33. The calculated wave

form is automatically downloaded to the ESG and the calibration utility is
initiated.

Signal Generation Setup
Oversampling Ratio: | 10 [~ Mirror Spectrum

ClockiGate Delay: 0 us Calibrate ..

Impairments Setup

Figure 33. Signal Generation Setup menu.
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5. Configure the automated Clock/Gate Delay Calibration utility, Figure 34.
In this example, the Clock/Gate Sweep End field is set to 10 us. Default
values are used for the remaining configuration fields.

' — /G Sweep Setup

Start: 0 us

End: 10 us
Step Size: 01 us
Repeat: 1

57 BER Analyzer Settings -

Total Bits: 10000

0 : - : i Clock Polarity: [Pos -
ClockiGate Delay (U] Data Polarity: [Pos -
Gate: On
Clock/Gate Delay 0 us = | = Gate Palarity: [pos -
BER M %
Impedance: (T71 -
Start Set Delay ‘ ks ‘ Cancel ‘

Figure 34. Clock/Gate Delay Calibration utility setup.

6. Once configured, select the Start button to generate the plot of BER vs.
Clock/Gate Delay. The plot points are incrementally filled in as each test
iteration is completed.

7 . After the plot has been generated, a marker is automatically placed at the
Clock/Gate Delay setting that yields the minimum BER, Figure 35. Notice
that the plot looks similar to a step function. With no impairments added
to the signal, there is a range of approximately _ a symbol period that
yields the same BER results. In this case, the marker is placed at the
first BER minimum. When impairments are added to the signal, the plot
no longer looks like a step function. Instead, it looks like a series of
parabolas, from which a true minimum can be found. By initially per
forming the calibration without impairments added to the signal, the
Clock/Gate Delay range for optimum BER can easily be determined. As a
result, when later performing Clock/Gate Delay Calibration on an
impaired signal, the sweep range can be adjusted accordingly to decrease
test time.

<} Clock/Gate Delay Calibration

i — /G Sweep Setup

Start: I—D us

End:| 10 us

Step Size: [ 01 us
Repeat [ 1

i— BER Analyzer Settings -

Total Bits: 10000

Clock Polarity: |Pos <
ClockiGate Delay (us) Data Polarity: |Pos -
Gate: On
Clock/Gate Delay 1.2 us =| = Gate Polarity: [pos =
BER 0 %
Impedance: |TTL -
Start Set Delay ‘ Ok ‘ Cancel ‘

Figure 35. BER vs. Clock/Gate Delay calibration
results.



8. Place the marker at the desired Clock/Gate Delay setting using the Arrow
buttons and select the Set Delay button. Then select the OK button. The
Clock/Gate Delay setting associated with the current marker location is
returned to the Clock/Gate Delay field (Figure 36) in the Signal
Generation Setup menu and the calibration utility is closed.

Signal Generation Setup
Oversampling Ratio: | 10 [ Mirror Spectrum

ClockiGate Delay: 1.2 us Calibrate ...

Impairments Setup

Figure 36. Signal Generation Setup menu with

Clock/Gate Delay setting returned from the cali-
bration utility.

9. To apply the optimum Clock/Gate Delay setting returned from the calibration

utility to the configured waveform, re-calculate and download the wave
form to the ESG.

As demonstrated, the calibration utility removes the trial and error

uncertainty when determining the optimum Clock/Gate Delay setting for
performing BER test on Bluetooth devices.
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Acronym
list

Additional
literature
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ACL Asynchronous Connection-Less

ACP Adjacent Channel Power

AM ADDR Active Member Address

AWGN Additive White Gaussian Noise

BD ADDR Bluetooth Device Address

BER Bit Error Rate

BT Bandwidth Time product

CCDF Complementary Cumulative Distribution Function
CRC Cyclic Redundancy Check

dBm Decibels relative to 1 milliwatt

FEC Forward Error Correction

FHSS Frequency Hopping Spread Spectrum
FSK Frequency Shift Keying

GFSK Gaussian Filtered Frequency Shift Keying
GPIB General Purpose Interface Board

IF Intermediate Frequency

1/7Q Inphase/Qadrature

ISM Industrial, Scientific, and Medical

PC Personal Computer

PN Pseudorandom Noise

PN9 Pseudorandom Noise of period 2°-1
PN15 Pseudorandom Noise of period 2'-1
RF Radio Frequency

SCO Synchronous Connection-QOriented
DD Time-Division Duplex

TTL Transistor-Transistor Logic

VSA Vector Signal Analyzer

[1] Stgnal Studio Installation Guide;
Available @ http://www.agilent.com/find/signalstudio

[2] Agilent ESG Family of RF Signal Generators — Data Sheet;
Literature Number 5965-3096E

[3] Agilent ESG Family/RF Signal Generators — Configuration Guide;
Literature Number 5965-4973E

[4] Generating Digital Modulation with the Agilent ESG-D Series Dual
Arbitrary Waveform Generator; Literature Number 5966-4097E

[6] Measuring Bit Error Rate Using the ESG-D Series RF Signal
Generators, Option UN7; Literature Number 5966-4097E

[6] Bluetooth RF Measurement Fundamentals, Application Note 1333-1;
Literature Number 5988-3760EN

[7] Bluetooth RF Testing — The Right Tests For The Radio, White Paper;
http://www.agilent.com/find/bluetooth

[8] Verifying Bluetooth Baseband Signals Using Mixed-Signal Oscilloscopes,
Application Note; Literature Number 5988-2181EN

[9] Investigating Bluetooth Modules: The First Step in Enabling Your Device
with a Wireless Link, Application Note; Literature Number 5988-2417EN

[10] Agilent Technologies - Bluetooth Technology Portal;
http://www.agilent.com/find/bluetooth
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Ordering
information

Specification of the Bluetooth System, Version 1.1
Bluetooth RF Test Specification, Version 1.1

Signal Studio-Bluetooth is Option 406 for the Agilent ESG digital
series signal generators.

ESG-D: Standard models

E4430B: ESG-D series RF signal generator, 1 GHz
E4431B: ESG-D series RF signal generator, 2 GHz
E4432B: ESG-D series RF signal generator, 3 GHz
E4433B: ESG-D series RF signal generator, 4 GHz

ESG-DP: High spectral purity models

E4434B: ESG-DP series RF signal generator, 1 GHz
E4435B: ESG-DP series RF signal generator, 2 GHz
E4436B: ESG-DP series RF signal generator, 3 GHz
E4437B: ESG-DP series RF signal generator, 4 GHz

The Signal Studio software requires that the ESG is equipped with the
optional dual arbitrary waveform generator (Option UND). Firmware
Revision B.03.84 or greater is required to activate the License Key on the
ESG signal generator.

Try before you buy!

You can download Signal Studio for evaluation free of charge from
www.agilent.com/find/signalstudio. A license key is required to load the
waveforms created by the software into the ESG digital series RF signal
generator. You can order a license key through your local sales engineer
by calling the nearest sales office. To locate the sales office nearest you,
visit www.agilent.com/find/assist.

Upgrade kits

If you currently own an ESG with Option UND (dual arbitrary waveform
generator) and are interested in obtaining an upgrade kit only (license key),
order: E4430BK Option 406.

Bluetooth and the Bluetooth logos are trademarks owned by
Bluetooth SIG, Inc., U.S.A. and licensed to Agilent Technologies
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Agilent Technologies’ Test and Measurement
Support, Services, and Assistance

Agilent Technologies aims to maximize the
value you receive, while minimizing your risk
and problems. We strive to ensure that you get
the test and measurement capabilities you paid
for and obtain the support you need. Our exten-
sive support resources and services can help
you choose the right Agilent products for your
applications and apply them successfully. Every
instrument and system we sell has a global
warranty. Support is available for at least five
years beyond the production life of the product.
Two concepts underlie Agilent's overall support
policy: "Our Promise" and "Your Advantage."

Our Promise

Our Promise means your Agilent test and mea-
surement equipment will meet its advertised
performance and functionality. When you are
choosing new equipment, we will help you with
product information, including realistic perfor-
mance specifications and practical recommen-
dations from experienced test engineers. When
you use Agilent equipment, we can verify that it
works properly, help with product operation,
and provide basic measurement assistance for
the use of specified capabilities, at no extra
cost upon request. Many self-help tools are
available.

Your Advantage

Your Advantage means that Agilent offers a
wide range of additional expert test and mea-
surement services, which you can purchase
according to your unique technical and busi-
ness needs. Solve problems efficiently and gain
a competitive edge by contracting with us for
calibration, extra-cost upgrades, out-of-war-
ranty repairs, and on-site education and train-
ing, as well as design, system integration, pro-
ject management, and other professional engi-
neering services. Experienced Agilent engi-
neers and technicians worldwide can help you
maximize your productivity, optimize the return
on investment of your Agilent instruments and
systems, and obtain dependable measurement
accuracy for the life of those products.

By internet, phone, or fax, get assistance with all
your test & measurement needs

Online assistance:
www.agilent.com/find/assist

Phone or Fax
United States:
(tel) 1 800 452 4844

Canada:
(tel) 1877 894 4414
(fax) (905) 282-6495

China:
(tel) 800 810 0189
(fax) 1 0800 650 0121

Europe:
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Japan:
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Korea:
(tel) (82 2) 2004 5004
(fax) (82 2) 2004 5115

Latin America:
(tel) (305) 269 7500
(fax) (305) 269 7599

Taiwan:
(tel) 080 004 7866
(fax) (886 2) 2545 6723

Other Asia Pacific Countries:
(tel) (65) 375 8100

(fax) (65) 836 0252

Email: tm_asia@agilent.com
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