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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Electromagnetic compatibility and
Radio spectrum Matters (ERM).

The MATLAB® computations used for the present document are contained in archive ts_103366v010101p0.zip which
accompanies the present document.

NOTE: MATLAB® isan example of asuitable product available commercially. Thisinformation is given for the
convenience of users of the present document and does not constitute an endorsement by ETS| of this
product.

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document specifies atime domain procedure for Duty Cycle (DC) measurement. The procedureis
applicableto all UltraWide Band (UWB) signal types, and it is an aternative to the frequency domain procedure for
DC measurement described in ETSI TS 102 883 [1]. In general, the DC measurement in the time domain will provide
more accurate results compared to the DC measurement in the frequency domain.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI TS 102 883 (V1.1.1) (08-2012): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Short Range Devices (SRD) using UltraWide Band (UWB); Measurement Techniques®.

[2] |EEE Std 802.15.4™-2015: "|EEE Standard for Low-Rate Wireless Personal Area Networks
(WPANS)". IEEE Computer Society Sponsored by the LAN/MAN Standards Committee.

[3] ECC/DEC/(06)04: "The harmonised conditions for devices using Ultra-Wideband (UWB)
technology in bands below 10.6 GHz".

[4] ETSI TS103 060 (V1.1.1) (09-2013): "Electromagnetic compatibility and Radio spectrum Matters
(ERM); Short Range Devices (SRD); method for a harmonized definition of Duty Cycle Template
(DCT) transmission as a passive mitigation technique used by short range devices and related
conformance test methods".

[5] CEPT ECC Report 094: "Technical requirements for UWB LDC devices to ensure the protection
of FWA system", Nicosia, December 2006.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

Not applicable.
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3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the following terms definitions apply:
burst: A emitted signal whose time duration (Ton) is not related to its bandwidth, as defined in ECC Report 094 [5].

Duty Cycle: The percentage of the transmitter sum of all burst duration "on" relative to a given period, as defined in
ECC Report 094 [5].

pulse: A radiated short transient UWB signal whose time duration is nominally the reciprocal of its UWB - 10 dB
bandwidth, as defined in ECC Report 094 [5].

transmission: Sequence of emissions separated by intervals shorter than Tgis', asdefined in ETSI TS 103 060 [4].

3.2 Symbols

For the purposes of the present document, the following symbols apply:
B pulse bandwidth
Bursts number of bursts during the acquisition time

DContime (%) Duty Cycle measurement as a percentage of the acquisition time computed considering all the
loaded files

DCon Tass (%) Duty Cycle measurement as a percentage of the whole observation period

fe sampling frequency

T Activeperiod the whole active period of the transmission

Tais time interval below which interruptions within a transmission are considered part of To, (disregard
time), asdefined in ETSI TS 103 060 [4]

Time (s) acquisition time

Tof Defined as "the time interval between two consecutive bursts when the UWB emission is kept

idle" in ECC/DEC/(06)04 [3]. Defined as "the time duration between two consecutive
transmissions' in ETSI TS 103 060 [4].

Tottei Tort time, measured by the Spectrum Analyzer, while sending Packet; (see clause 4)

Tt (S) sum of the individual T times during the acquisition time

Tobs reference interval of time (observation period), asdefined in ETSI TS 103 060 [4]

Ton Defined as "the duration of a burst irrespective of the number of pulses contained” in
ECC/DEC/(06)04 [3]. Defined as "the duration of atransmission” in ETSI TS 103 060 [4].

Ton(bursts) duration of al the bursts

Ton(9) sum of the individual Ton times during the acquisition time

Tonpi Ton time, measured by the Spectrum Analyzer, while sending Packet; (see clause 4)

tPacketi sum between the Ton time and the Ty time while sending Packet; (see clause 4)

Tspan span time of the oscilloscope

Thrig trigger time of the oscilloscope

ETSI
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3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

BW Band Width
CMOS Complementary metal oxide semi-conductor
DC Duty Cycle
DUT Device Under Test
IC Integrated Circuit
LDC Low Duty Cycle
MMI Man Machine Interface
PHR Physical HeadeR
PPDU Physical Protocol Data Unit
PRF Pulse Repetition Frequency
PSDU Physical Service Data Unit
SHR Synchronization HeadeR
uwB UltraWide Band
4 Motivation for the Duty Cycle measurement in the
time domain

The frequency domain procedure for DC measurement, described in ETSI TS 102 883 [1], relies on the use of a
Spectrum Anayzer. The procedure allows calculating the DC through the measurements of the Ton and Tt parameters
according to a predefined disregard time Tis (See Figure C.1 in the present document).

Nevertheless the accuracy of the Spectrum Analyzer is generally not sufficient in order to measure "small values"
(typically in the order of magnitude of microseconds) of the Ton and Tt parameters. This may a so be the case
whenever "small values' of Tgs are considered.

As a consequence, in some cases, the frequency domain procedure for DC measurement could result in overestimating
the actual DC.

In order to provide a more accurate measurement of the Ton, and Tt parameters, atime domain procedure for DC
measurement is described in the present document. The procedure considers the use of an Oscilloscope, in order to
capture the transmitted signal, and a Post Processing Tool (see Annex B), in order to calculate the refined DC
measurement.

To better understand the principle of the DC measurement in the time domain, it is possible to consider a generic Tops
observation period during which some packets, with different durations, can be sent (see Figure 1):

, Tonp, . Toffp1

Packetl Packet? Packet3 F;att;k
Tais Tais Tais Tais
-y ay "y Pary
R Lpacket1
To bs

*
»

Figure 1: Ton and Tof measurement by using a Spectrum Analyzer

Asillustrated in Figure 1, the Spectrum Analyzer is capable to measure the To, and T parameters related to the
sending of Packet;. In particular, in Figure 1:

. Tobs: iSthe observation period,;

. Tonmi: IS the Ton time, measured by the Spectrum Analyzer, while sending Packet;;

ETSI
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. Toitri: 1S the Torr time, measured by the Spectrum Analyzer, while sending Packet;;
e tpakei: iSthe sum between the Ton time and the Torr time while sending Packet;;
. Tais: isthe disregard time.

On the other hand, the Spectrum Analyzer is generally not capable to measure Ton and T periods occurring between
two consecutive bursts related to the sending of Packet; (see Figure 2).

In fact, by considering the transmission of a single packet, it may be the case that the transmission is composed of
several bursts, separated by T periods greater than Tis, that cannot be measured by the Spectrum Analyzer. Indeed, for
small values of T, the measurement can only be done in the time domain with an Oscilloscope, which is capable to
detect the individual bursts occurring during the observation time Tqps.

Packetl Packet2 Packet3 Fack
etd
Tdis
-e
N Tobs =
f A | f i‘ll A N | I
AAANAAND foh'lJP".J !q'LJ [1
UVUVUVVUV VVVVVVY
| Ton(burst) | Toff > Tdis i Ton{burst) |

Figure 2: Ton and Toit measurement by using an Oscilloscope

In the Figure 2 above, for example, during the transmission of Packets, the Oscilloscope will be able to detect the T
period between the two Tonpurst). Since this T period is greater than Ty, it can be considered as an additional Tt
period occurring during the observation time Tqps. With the use of the Spectrum Analyzer, this T period would have
been considered part of Ton.

The principle of the time domain procedure for DC measurement is thus to provide a method for the calculation of the
DC based on the fine-grained analysis of the data acquired by the Oscilloscope during the observation time Tops.

5 Measurement procedure for UWB systems
5.1 DUT preparation

No specific DUT preparations are necessary for performing the DC measurement in the time domain.
5.2 General test setup
5.2.0 General

The following tools shall be used to execute the time domain procedure for DC measurement:
J One 50 Ohm cable;
e  One Oscilloscope with the foll owing minimum requirements:

a)  Sampling frequency > 2B (where B is the pulse bandwidth): this requirement is enough to detect the
envelope of the signal and ensure the correct operation of the measurement procedure.

b)  Input bandwidth > frma (Where fmax is the highest frequency, i.e. the upper boundary to the operating
bandwidth).

e  OnePersonal Computer with installed a Post Processing Tool.

ETSI
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521 Conducted emission

Figure 3 illustrates the general test setup to execute the time domain procedure for DC measurement in the case of
conducted emission.

50 Ohm PC
but cable _ (Post
(50 Ohm Oscilloscope Processing

connector) Tool)

Figure 3: General test setup to execute the time domain procedure for
DC measurement in the case of conducted emission

522 Radiated emission

Figure 4 illustrates the general test setup to execute the time domain procedure for DC measurement in the case of
radiated emission.

Measurement
antenna

PC
DUT (Post
(integrated Oscilloscope Processing
antenna) Tool)

Figure 4: General test setup to execute the time domain procedure for DC
measurement in the case of radiated emission

5.3 Time domain procedure for DC measurement

In order to calculate the T periods, it shall be taken into account the value of the Tgis parameter. In fact, given the
definition of Duty Cycle reminded in paragraph 3.1 (i.e. "the percentage of the transmitter sum of al burst duration
"on" relative to agiven period"), it is possible to consider as Tt periods only the inter-burst intervals greater than Tis.

The Time Domain Procedure for DC Measurement isillustrated in Figure 5. The procedure consists of the following
steps:

1) Configure the Oscilloscope as follows:
a)  Setthe signa sampling frequency f. of the Oscilloscope (fc > 2B, where B is the pulse bandwidth).
b)  Adjust the time division in accordance with the memory storage of the Oscilloscope.

¢) Adjust the vertical amplitude of the Oscilloscope (set the vertical scale of the oscilloscope to display the
entire dynamic range of the waveform).

d)  Setthetrigger time of the Oscilloscope at the time zero <Ttr ig :0> .

2) Consider the Tops time and check if the Oscilloscope is capable to acquire and store the whole observation
period:

a) Ifitisthe case, savethe signa acquired during the whole Tops time, and go to step 3.
b) Otherwise:

i)  Savethesignal that the Oscilloscope can acquire and store.

i) Record thetime (Tspan} of the acquired signal.

ETSI
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iii)  Setthe new trigger time as: Ttrig = Ttrig + Tspan.
iv) Check if the new trigger timeisless or equal than the Tps time:
1) Ifitisthe case, repeat the stepsfromi toiv.
2) Otherwise, go to step 3 (post processing of all acquired and stored signal during Tobs).

Load in the Post Processing Tool (see Annex <B> to the present document) all the points acquired by the
Oscilloscope and relative to Tops.

Inside Taps, identify only the bursts. In accordance with the definition of burst in ECC Report 094 [5] (i.e. "an
emitted signal whose time duration (Ton) is not related to its bandwidth"), and the definition of disregard time
Taisin ETSI TS 103 060 [4] (i.e. "the time interval below which interruptions within a transmission are
considered part of Ton"), consider each burst as Ton time.

Calculate the sum of all Tongrsy (sum all Ton identified in step 4) inside Tavs: D Tontpursss

Calculate the DC measurement in Tops as a percentage with the following formula:

Tobs
DC =Z Ton(bursts)
T

obs

ETSI
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1.5 Set sampling
frequency

1.b Adjusttime division
according to memaory
| storage of instrument

i N
1.c Adjustvertical
. amplitude
1. Oscilloscope |, \ J
configuration " A
1.d Set trigger to time

| zero (Ttrig =0)

Consider Ty, time

2.

Storage
all

2.1 5ave the signal
considering Ty

2.3 Save the signal

2ii Tspan =
acquisition signal
time

2.ii Ttrig =
Ttrig + Tspan

| 3. Toadalipoints j
| acquirsdbythe L o o Post processing
oscilioscope | DfTﬂbs

L__---

L

4. Identification of | Consider T g;; (ETSITS
each burstinto = == = 103 060 clause4.1.7.2)
TDE'-E e — J

L

5. Calculate

Z Tnbs
on{bursts)

2 E obs E
6. Calculate DC 4.! DC = on{bursts) E
1

Figure 5: Flow chart of time domain procedure for DC measurement by using an Oscilloscope
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Annex A (informative):
Example

A.l Introduction

The present annex describes an example of applying to a Device Under Test (DUT) both the frequency domain
procedure for DC measurement (see clause A.2) and the time domain procedure for DC measurement (see clause A.3).

The example considersaDUT utilizing a pulse UWB technology for short range applications. The DUT used in the
example embeds the Decawave® DW1000 chip, see note (http://www.decawave.com), a fully integrated, low power,
single chip CMOS radio transceiver IC compliant with the | EEE 802.15.4-2015 [2] UWB standard.

NOTE: Decawave® DW1000 isthe trade name of a product supplied by Decawave®. Thisinformation is given
for the convenience of users of the present document and does not constitute an endorsement by ETSI of
the product named. Equivalent products may be used if they can be shown to lead to the same results.

The transmitter configuration used in the example has the following main properties:
e 110 Kbpsof datarate;
. 1 024 symbols of preamble;
. 64 MHz of PRF (preamble code 9);
. 3993,6 MHz of centre frequency with 499,2 MHz of bandwidth.
In the example of transmission, two bytes of payload (lasting around 1,8 ms) are sent periodically every 34,2 ms.

Since the packets sent have all the same length and format, in order to compute the DC, it is enough to consider a Tops
time including the transmission of a single packet (see clause A.2). The DC will always be the same also by considering
the transmission of more than one packet.

In the example of transmission, the disregard time T s has a predefined value of 2 ps.

1.8ms 1.8ms
— —h
Packet Packet
. 34.2ms .
Tobs

Figure A.1: Example of transmission
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A.2 DC measurement in the frequency domain

By using the Spectrum Analyzer (see clause A.3), it is possible to display the "train” of packets sent during the example

of transmission:
% Agilent 14:28:62 Sep 16, 2614 I Marker

Select Marker
1 2 3 4

Normal

Delta

Delta Pair
{Tracking Ref)
Ref I

Span Pair
Span Center

Off

More
1 of 2

# 7 pt

File Operation Status, A:\SCREN®27.GIF file saved

Figure A.2: Train of packets sent during the example of transmission (using the DW1000 chip)

By zooming-in atransmission (see clause A.3), it is possible to see the whole "active period” of the transmission, but it
is not possible to measure the Ton and T parametersinside it. Indeed, the Spectrum Analyzer is capable to measure the
Ton and Torr parameters only in case the Tgis parameter is also measurable with the same tool.

% Agilent 14:36:46 Sep 16, 2614 I Marker

a Mkrl | Select Marker

1
1 Normal

1R
Delta
Marker a
1.800000RGO ms Delta Pair
{Tracking Ref)
6.29 dB ool 2
Span Pair
Span Center
off
-~ More
z an @ Hz 1 of 2
Z 1 Ms Wl pt

File Operation Status, A:\SCREN®30.GIF file saved

Figure A.3: Ton measurement with the Spectrum Analyzer

In the example of transmission, the DC calculation by using the Spectrum Analyzer considers the whole packet as Ton,
see Figure A 4.
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| Marker

Select Marker

a Mkrl

Normal

Delta

Delta Pair
36@@@@18%@8@|@@ ms Re]C(Tracking Ref)

&
|

v

1of 2
File Operation Status, A:\SCREN®28.GIF file saved

Figure A.4: Tops time measurement with the Spectrum Analyzer

The DC calculated in the frequency domain will be the following:

Activeperiod _ 18mS
T 36ms

obs

t
DC(%) = = 5%

A.3 DC measurement in the time domain

For the DC measurement in the time domain, the reader can refer to the procedure illustrated in Figure 5.

The example of transmission considers sending packets compliant with the IEEE 802.15.4-2015 [2] UWB standard (see
Figure A.5).

- BPM-BPSE coded BPM-BPSK coded @
4 Cooel @ base rvie = 851 or 110 kb e Tt irdiated o PHR L
T T -
Priamil e 5FD FHR Data field [0-130% ymibals
{16, 64, 1024, $096) wymbak (&, 84} symbok 16 symbiols coded @& vanable rate)
Syncheonization header [52ER) FHY header (PHR) PSR

PHY probocal data wrii (FPDL

Figure A.5: Packet format defined in the IEEE 802.15.4-2015 [2] UWB standard

The PPDU (Physical Protocol Data Unit, i.e. atransmitted packet) is composed of three fields: SHR (Synchronization
HeadeR), PHR (Physical HeadeR), and PSDU (Physical Service Data Unit).

The SHR can be of different lengths (for details, please refer to the IEEE 802.15.4-2015 [2] UWB standard), and it is
only composed of pulses.

Instead, the transmission of the PHR and of the PSDU fields uses a different modul ation scheme with respect to the one
used for the transmission of the SHR field: PHR and PSDU are sent by using bursts, which length is given by the
product of the duration of a single pulse by the length of a burst code. The length of a burst code can be at most 127
according to the IEEE 802.15.4-2015 [2] UWB standard.

Therefore, the SHR field is composed only by pulses, and each pulse duration is given by 1/ BW where BW is the signal
bandwidth, whilst the PHR and the PSDU fields are composed only by bursts, and each burst duration is given by 1/
BW x 127.

Figure A.6 below shows the "active period" of a packet transmission captured by the Oscilloscope.

ETSI
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File Control Setup Trigger Measure Analyze Utilities Help 3 Mar 2015 3:24 PM

Figure A.6: "Active period"” of a packet transmission captured by the Oscilloscope

Note that the SHR field of atransmitted packet corresponds to a much more "dense" signal with respect to the one
observable during the transmission of the remaining part of the packet itself (i.e. the PHR and the PSDU fields).

By zooming-in the first part of the signal, it is possible to see the presence of only individual pulses lasting around two
nanoseconds each (see Figure A.7).

File Contr i 4 Mar 2015 10:46 AM
<

BEEEEEED B

e 1150 (01000) i) 0 ) K |- -

(10f2) — R
PRI Markor< | Qtahic| Graloc

Figure A.7: Single pulse in the transmission of the SHR field of a packet

The interval s between the pulses of the SHR field of a transmitted packet are not periodic but, in any case, their duration
isin the order of magnitude of nanoseconds (see Figure A.8).
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4 Mar 2015 8:48 AM

Interval between
| two consecutive pulses,

SAARACA A A NI NAINAANINRA AN AP i I Y

AN

Interval of ns

:E B 10338314040 ms EJEEJ ‘;j T
==

Figure A.8: Interval between two consecutive pulses
in the transmission of the SHR field of a packet

On the other hand, the PHR and the PSDU fields of a transmitted packet are composed only of bursts. Each burst
duration is the product of the pulse duration by the burst code. In the example, the pulse duration is around 2 ns and the
burst code is 127 (maximum value admitted by the |EEE 802.15.4-2015 [2] UWB standard). Thus, the burst duration is
around 254 ns (see Figure A.9).

File Control Setup i Utilities Help 4 Mar 2015 10:54 AM
ui :

;:‘r‘,“‘l“zr"r‘ﬁ: ' ‘W!HU"

|\ 'single burst in PHRIPSDU |,
\ | | | | "

s

[i; I

L |

Figure A.9: Single burst duration in the transmission of the
PHR field (and of the PSDU field) of a packet

Theinterval between two consecutive burstsis not periodic, and it is aduration that can be considered as part of the Ty
time (see Figure A.10).

Indeed, by definition in ECC/DEC/(06)04 [3], it is considered Ty time the time interval between two consecutive bursts
when the UWB emission is kept idle, and a burst is an emitted signal whose time duration is not related to its bandwidth.

Therefore, in the example, since the T periods between two consecutive bursts are in the order of magnitude of several
microseconds, and considering that it is verified the constraint Tt > Tais (Tais= disregard time = 2 ps), the actual Ton
period to be considered, while transmitting the PHR and the PSDU fields of a packet, is composed only by the duration
of all the bursts (i.e. it isthe sum of Tonursts)-

ETSI
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4 Mar 2015 8:46 AM

Sl 1.00 ps/ BEY 11196459000 ms :‘E:J ‘? T
) & i O L ]
=

FigureA.10: Toi period between two consecutive bursts in the transmission of the
PHR field (and of the PSDU field) of a packet

To summarize the example described in the present annex, the time required to transmit the SHR field of a packet
should be considered as Ton (i.€. as one single burst): in fact, during this time, there is no transmitted signal whose
duration is not related to the bandwidth (definition of a burst) but only pul ses whose duration is nominally the reciprocal
of the bandwidth (definition of a pulse). Instead, the time required to transmit the PHR and the PSDU fieldsis
composed of both Ton periods (whenever there are bursts) and T periods (intervals between two consecutive bursts
greater than Tgs). Thisisillustrated graphically in Figure A.11 below.

Ton

Calculate:

z TOT[
Z .
i of f

Figure A.11: Fine-grained analysis of the transmission of a packet

The following val ues have been considered:
. Tos=1,8ms+ 34,2 ms=36ms,
° Sum of Ton = 21,19 ms.

In conclusion, the DC measurement in the time domain will be calculated as follows:

Tobs
on(bursts

DC(%)= =33%

Note that the DC measurement in the time domain (3,3 %) is more accurate than the one in the frequency domain (5 %)
since, in the time domain, it is possible to appreciate the Ton and the T periods occurring between bursts.
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Annex B (normative):
Use of the MATLAB® Post Processing Tool to compute the
DC

The present annex describes the procedure that computes the DC measurement by using a Post Processing Tool
implemented in MATLAB®. It is worthwhile noting that it is possible to execute the same procedure by using any other
tool having analogous mathematical capabilities.

The steps executed by the MATLAB Post Processing Tool, detailed below, are in accordance with the procedure for the
DC measurement in the time domain shown in Figure 5.

Figure B.1 illustrates the MMI of the MATLAB Post Processing Tool.

DC_Computation = =
File About a
LR E D
10—
09—
08—
[
06—
05—
04—
03
02—
01
0 | | | | | | | | | |
0 01 02 0.3 04 05 06 07 08 09 1
Pulse duration (s) Voltage (V) DC on time (%) Time (s) Bursts
Zalis s (9 Total Tobs (s) Plat - 0 2
Disregard Time (s) Fs (GSals) DC on Tobs (%) Ton (s) Toff (s)
241006 5 g 0 v

Figure B.1: MMI of the MATLAB Post Processing Tool

The following parameters shall be set by the user:
e  ThePulseduration;
. The Disregard time;
. The Sampling frequency;
e  The Mean voltage of the signal.
The values of these parameters shall be set by reading on the Oscilloscope the following data:
. Pulse duration in the SHR field of the transmitted packets;
. Sampling frequency with which the Oscill oscope performs the acquisition;

. Mean voltage of the signal. Thisvalue is useful to detect the signal to noiseratio. Inthe MATLAB codg, itis
taken the 30 % of this value to separate signal from noise.

The Disregard time value shall also be specified. Remembering that the Disregard time is defined as "the time interval
below which interrupts within a transmission are considered part on Ton", this parameter shall be declared by the device
manufacturer.
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NOTE: Inthe MMI, the Total Tas (S)' check-box isto be checked if the file(s) loaded in the tool do not cover the
whole observation period.
Below the reader will find two examples explaining when the 'Total Tos (S)' check-box shall be checked by the user.
EXAMPLE A:

The'Total Tons(S)' check-box shall not be checked: this case occurs when the tool can process al the files acquired
from the oscilloscope at once.

Once these files are |oaded by the user in the tool (through the 'File’ menu), the following parameters shall be set by the
user in the MMI (see Figure B.1):

. The Pulse duration (2 nsin the example);
e  TheDisregardtime (2 usin the example);
. The Sampling frequency (5 GSals in the example); and
. The Mean voltage of the signal (0,23 V in the example).
By clicking the 'Plot' button, the DC calculation is executed.
The MATLAB code performs the following steps:
1) Load the selected file(s);

2)  Find the sampling time, and transform each pulse and burst in "high level". Any other point is mapped as 'low
level’;

3)  Find al Tonwursy iN the acquisition time considering the value of the Disregard time parameter, see Figures B.2
and B.3.

acquisition

— DC computation

Figure B.2: Tonpursty cOnsidering the value of the Disregard time parameter
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DC Computation

Figure B.3: Zoom-in on Ton and Tosr times in the PHR and PSDU fields of the transmitted packet

1) Compute the sum of all Tonpursy Within Tops
Tobs
ZTon(bursts) .
2) Compute DC asfollows:

Tobs

T
DC(%) :m

obs
The results of the elaboration by the tool are displayed in the bottom right-hand side of the MMI (see Figure B.4):

. 'DC on time (%)": Duty Cycle measurement as a percentage of the acquisition time computed considering all
the loaded files;

. 'DC on Taps (%0)": Duty Cycle measurement as a percentage of the whole observation period,;
. Time (9)": acquisition time;

. '‘Bursts': number of bursts during the acquisition time;

. Ton (9)": sum of the individual Ton times during the acquisition time;

. Tott ()" sum of the individual T times during the acquisition time.

DC on time (%) Time (s) Bursts
i 3.59e-02 86

DC on Tobs (%) Ton (s) Toff (s)
3.31 1.19e-03 3 48e-02

Figure B.4: Results displayed by the MATLAB Post Processing Tool
when 'Total Tops (S)' is not checked

NOTE: Inthiscase, 'DContime (%) and 'DC on T (%0)" are the same, because the acquisition time and the
whole observation period are equal.
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EXAMPLE B:

The'Total Tabs (S)' check-box shall be checked: this case occurs when the tool cannot process al the files acquired
from the oscilloscope at once, i.e. the tool does not have enough computational resources to process all of themina
single iteration.

In this case, the user shall follow the following steps:
1) Load asmaller number of files;
2)  Check the 'Total Tos (S)' check-box;

3) Inthetext box shown below the Total Tows (S)' check-box, insert the whole observation period on which the
Duty Cycle calculation shall be performed;

4)  Click on the 'Plot' button to execute the DC measurement cal culation regarding the loaded files.

The steps 1 to 4 above shall be repeated by the user in successive iterations, until all the files acquired from the
oscilloscope have been loaded and processed by the tool. At the end of each iteration, the user shall restart the tool.

Note that, at the end of each iteration:

e Thecaculated 'DC on Time (%)" will correspond to the percentage of the duty cycle with respect to the
acquisition time of all the loaded files;

. The calculated 'DC on Tous (%)" Will correspond to the percentage of the duty cycle with respect to the whole
observation period.

Eventually, the user can compute the total duty cycle with respect to the whole observation period by adding al the 'DC
on Tops (%0)' computed by the tool at each iteration.

For example, consider the following assumptions:
. The whole observation period is 50 ms;

e  Thedataacquired by the oscilloscope during the whole observation period are saved in five different files,
named 'UWB_partl', 'UWB_part2, ... , 'UWB_part5, each file corresponding to 10 ms of acquisition;

e  Thetool can not process al thefilesin asingle iteration;

. Two iterations are required:
- Thefirst one to load and processthefiles called 'UWB_partl', 'UWB_part2' and 'UWB_part3,
- The second one to load and process the files called 'UWB_part4', and 'UWB_part5'.

In the first iteration, the user loads the files called 'UWB_partl', 'UWB_part2' and 'UWB_part3' in the tool (see
Figure B.5).
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<)) DC_Computation = =
File  About ~
® SR

91—

09

08—

07—

06—

05—

04—

03

02—

01

0 | | | | | | | | | |

0 01 02 03 04 05 06 07 03 0.9 1
Pulse duration (s) Voltage (V) DC on time (%) Time (s) Bursts
108 023 @ Total Tobs (s) -— ! g g
Disregard Time (s) Fs (GSals) 0.050 DC on Tabs (%) Ton (s) Toff (s)
2106 10 g 0 U

Figure B.5: Files loaded in the first iteration

Note that the user shall check the 'Total Tows (S)' check-box, and shall enter in the field below the "Total Tops (S)' check-
box the value 0,050 (i.e. 50 ms).

By clicking the 'Plot' button, the following results are displayed at the end of the first iteration, see Figure B.6:

OC on time (%) Time (s) Bursts
4137 3.00e-02 102

DC on Tobs (%) Tan (s) Toff (s)
2452 1.24e-02 1.76e-02

Figure B.6: Results displayed at the and of the first iteration

In the second iteration, the user loads the files called 'UWB_part4' and 'UWB_part5' in the tool (see Figure B.7).
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- SN

~

Valid File Loaded 2 -
|C:\Users e, /5 _partd.csv
| \Users M ————— /D _par5 csv

0 01 02 0.3
Pulse duration (s) Vaoltage (V)
S i ®) Total Tobs (s)
Disregard Time (s) Fs (GSals) 0.050

27106

10

04

05

Plot

06

07 08 09 1
DC on time (%) Time (s) Bursts

0 0 0
DC on Tobs (%) Ton (s) Toff (s)

0 0 0

Figure B.7: Files loaded in the second iteration

Also in this case, note that the user shall check the 'Total Tas (S)' check-box, and shall enter in the field below the Total

Tobs (S)' check-box the value 0,050 (i.e. 50 ms).

By clicking the 'Plot’ button, the following results are displayed at the end of the second iteration, see Figure B.8:

DC on time (%)
344

DC on Tobs (%)
13.76

Time (s)
2.00e-02
Tan (s)
6.88e-03

Bursts

53

Toff (s)
1.31e-02

FigureB.8: Results displayed at the and of the second iteration

The total Duty Cycle measurement as a percentage of the whole observation period will be the sum of the 'DC on Tops
(%)' values computed by the tool at each iteration, that is:

'DCon Tows (%) = 24,82 + 13,76 = 38,58
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Annex C (informative):

Recall: Procedure for DC measurement in the frequency

domain

For completeness of the present document, the procedure for DC measurement in the frequency domain by using a
Spectrum Analyzer isrecalled in Figure C.1 below.

—0\/Mode: zero span

Frequency@highest mean power
spectral density (clause 7.4.3)

| Spectrum analyser internal |

operation (Annex A1) — — — »

L

select pulse package = max. Ton + min. Toff

| Consider Ty, (ETSI TS 103
060 clause 4.1.7.2)

L

—— Detector: peak |

\:/

e rd ™
- —— Trigger: video
r//
v —— 3 MHz<RBW 250 MHz |
Spectrum ~
analyser < VBW 2RBW |
configuration

\ 4

Overview
sweep

{ SWT >> Pulse Package +n * PRT |

{ Video threshold < max. amplitude )

4 N
{ Reference level = max. amplitude — 3dy

Zoom
sweep

{ SWT 2 max. To,+ min. T |

{ Video threshold < max. amplitude |

[ N
{ Reference level = max. amplitude — 3dy

\ 4
Set / Threshold: -10 dB below \
marker )

Start pulse
package

l measure To,——measure Tﬂ,,l

End pulse
package

Start pulse
package
n+l

Start pulse
package n

A
)

-

Toff

Figure C.1: Flow chart of the frequency domain procedure for DC measurement by

using a Spectrum Analyzer
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Annex D (informative):
Bibliography

Recommendation ITU-R SM.1538: "Technical and operating parameters and spectrum requirements for short-range
radio-communication devices".

Decawave DW1000 User Manual.

NOTE: Available from www.decawave.com.

www.etsi.org.

CEPT ECC/DEC/(06)12 amended of 31 October 2008 on the harmonised conditions for devices using Ultra-Wideband
(UWB) technology with Low Duty Cycle (LDC) in the frequency band 3.4-4.8 GHz.

CEPT ECC/DEC/(06)12 of 1 December 2006 on the harmonised conditions for devices using Ultra-Wideband (UWB)
technology with Low Duty Cycle (LDC) in the frequency band 3.4-4.8 GHz.
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