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Executive Summary

Digicel welcomes this opportunity to review allthe responses to the recent NICTA public consultation
on "Draft Rule on Telecommunications Quality of Service Performance Monitoring" and to provide
further comments and feedback on the responses from the other respondents.

Digicel is somewhat surprised at the low number of respondents to the public consultation which is
very unusual. It is more the norm to have significant levels of response including submissions from
commercialand business bodies as wellas academic institutions and the like

Two submissions have been reviewed

i.

ii

the SPEEDCHECKER response, and
the Bmobile response

Digiceloffers the following comments

The Bmobile response is surprisingly brief and there is in fact little technical comment or details.
Instead, bmoblle appears to be primarily concerned about data confidentially, data collection
techniques, how NICTA willmake available its QOS findings to the public and whether its competitors
will be able to access the bmobile data. There are also comments that data should be collected by
surroundings in Papua New Guinea such as urban, mid-size, ruraland Digicelagrees that this type of
approach should be adopted.

The SPEEDCHECKER response appears to be a fairly standard sales approach which is tailored or
personalised to represent relevant countries and any consultation processes underway in those
countries.

SPEEDCHECKER proposes a crowd measurement approach to collecting data on the performance of
networks and thisdata, in turn made, is availabletothe publicvia websitesand other medium. While
there are some merits to this approach, fixed networks are excluded. This crowd approach relies on
apps running on smart phones which will be somewhat difficult in Papua New Guinea wherejust over
50% of subscribers have access to smart phones. Lastly, such crowd-based data collection has little
relevance to network analysis and fault finding while it can also give conflicting results where there are
significant differences, as there are in Papua New Guinea, between the coverage footprints of the
various networks.

In its submission, Digicelproposed the appointment of a NICTA-appointed neutra13rd party to measure
and record the performance of the different ICT networks in Papua New Guinea and, in turn, analyse
the findings. Digicel believes that such QOS data should be made publicly available in an appropriate
and meaningfulformat so that existing and potentialcustomers can make informed decisions on their
network provider. Digicelwould be more than happyto work with NICTAand other operators in Papua
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New Guinea to agree a process to collect and analyse QOS data and then to publicly publish this in
Papua New Guinea.



l Introduction

Digicel welcomes this opportunity to review allthe responses to the recent NICTA public consultation
on "Draft Rule on Telecommunications Quality of Service Performance Monitoring" and to provide
further comments and feedback on the responses from the other respondents.

2 Comments on Submissions by Other Respondents

Digicel is somewhat surprised at the low number of respondents to the public consultation which is
very unusual. lts more the norm to have significant levels of response including submissions from
commercialand business bodies as wellas academic institutions etc.

Two submissions have been reviewed:(i) the SPEEDCHECKER Response and(ii) the bmobile response
and Digiceloffers the following comments.

2.1 Bmobile

Bmobile have provided comments and feedback in four areas which concern the intended use
of the QOS data, how the data is collected, confidentially of the data provided to NICTA and
the proposed QOS parameters.

Digicel believes and expects that any data provided to NICTA will be processed and used in a
professional and confidential manner. Digicel firmly believes that the results of any QOS
exercise should be publicised in an appropriate and meaningful format so that existing and
potentialcustomers can make informed decisions on their network provider. Digicelwould be
more than happy to work with NICTA and other operators in Papua New Guinea to agree a
process to collect and analyse QOS data in Papua New Guinea and then to publicly publish this
in Papua New Guinea.

Anydata provided to NICTA by the operators can be summarised and published in a meaningful
and appropriate format.

Digicel proposed in its first submission that NICTA appoint a neutral 3'd party to undertake
network trials in Papua New Guinea.

The data collection methodology is to be agreed between NICTA and the Papua New Guinean
operators, but there are several well-known and documented methodologies in circulation
elsewherethatcan be adopted for Papua NewGuinea. In its submission, Digicelprovided some
guidelines based on internationalbest practicesthat can form the basis of any such discussions.
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Bmobile has suggested that any data collection should be on a basis that accommodates the
particular data collection environment such as urban areas, semi urban, rural. Digicel fully
supports this suggestion. Given the real potential for the unique and challenging local
conditions and environment in Papua New Guinea to impact upon network availability, Digicel
believes that network availability performance should be collated on at least three separate
bases i.e

e Urban

e Semi-Urban, and

2.2 SPEEDCHECKER

The SPEEDCHECKER response promotes the use of crowd-based or crowd sourced network
assessment via smartphone-based apps that, either automatically report on phone/user
activity, or offer users a dashboard and the option to select responses. It does appear to be a
stock or template type response which is personalised or tailored for different countries.

This crowd measurement approach will experience issues in Papua New Guinea as the
smartphone penetration in Papua New Guinea is just over 50%. Without the smart phone
population to support the measurement app, it is difficult to see how any measurements will
be representative of the wider network. There is also the issue that, in Papua New Guinea, the
majority of users are pre-paid and not post-paid with large bundled data plans. Within these
large post-paid data plans, users are often more than happy to have background apps reporting
etc but not with prepaid plans. Given the current data tariffs in Papua New Guinea it would be
interesting to understand how users might react to being asked to allow their relatively
expensive data packages to be used to provide free assessment of their network performance

Another issue with crowd-based assessment relates to the actual networks and how similar

theyare. In Papua New Guinea, Digicel is clearlythe market leaderand allcommentators put
their market share at in excess of 90%. Digicel's service footprint is also significantly larger
than that of any competitors. Given the Papua New Guinean networks are very dissimilar,
crowd-based measurement can give rise to inconsistent results when comparing networks. Sa
lust how successfulcrowd-based assessment would be in Papua New Guinea remains doubtful.

Crowd-based assessment is good at capturing a high-level view of a network and is more
associated with publicity, media use and marketing and being able to produce a glimpse of a
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network. However, this captured data does not lend itself to capturing network critical
information needed to support detailed assessment and analysis of network performance. It
is also possible that there are many variables or factors involved giving rise to random,
unexplained, or unrepeatable results. After all, results are collected at random times,
anywhere in the network, indoors, outdoors, in cars, as well as from a mixed population of
handsets. There are also issues with crow sourced measurement processes properly collecting
voice calldata and voice traffic stillaccounts for significant levels of use on mobile networks.

Digicel does agree with SPEEDCHECKER's comments in section 4 on page 7 about data
collection and the need to separate out performance by area or environment type such as
Urban, semi Urban and Rural classifications. This was also highlighted in the bmobile
submission.

As an alternative to crowd sourced data, controlled surveys using specialised measurement
equipment, collecting hundreds of thousands of measurements using an established process
or methodology will allow the collection of layer 3 messages as wellas other critical network
performance data. These measurement regimes are far more relevant to operators; they allow
them to carefully monitor performance as well as any expansions and upgrades. These
controlled surveys, using specialist measurement equipment, can also be used to capture voice
quality data which allows MOS and POLKA analysis as wellas voice performance data such as
dropped calls, callsetup failures etc.

Controlled surveys have a significant cost overhead, but the benefits can outweigh the costs
and allow operators and regulators to gain clearinsights into network performance. It is also
possible to summarise results to support publicity campaigns and subscriber awareness
programs.

Digicel would welcome the opportunity to co-operate with NICTA and the other Papua New
Guinean operators to further discuss controlled surveys and how they can be used in the
country. Perhaps NICTA can sponsor a neutral controlled survey approach using agreed
methodologies similar to those outlined in Digicel's first response. Survey locations can be
agreed as wellas drive routes. In this way, allnetworks are assessed in a similar way, using the
same metrics and processes and definitions giving rise to true comparisons which will in turn
educate and inform subscribers in Papua New Guinea.

Should NICTA be interested, a sample of a regulator-published report on network performance
using crowd sourced data from the regulator in the United Kingdom, OFCOM, is attached
herewith.
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Also attached is a product description forthe Rohde and Schwarz Romes suite which is a state-
of-the-art RF test and network evaluation platform and used worldwide in many network
evaluation programs.

Lastly, a document describing the methodology adopted in the U nited Kingdom for controlled
tests is af tacked for NICTA's information and consideration.

3. Summary
Like Bmobile and SPEEDCHECKER, Digicelagrees that alldata should be collected in a way that allows
data for urban, semi urban and rural areas is collected separately. This will ensure the unique

Digiceldoes not believe that crowd sourced data measurement is appropriate for Papua New Guinea
at this time due to the limited number of smartphones in the country capable of running crowd apps.
The very significant differences in the extent of the various networks in Papua New Guinea may give
rise to erroneous results which willbe confusing to the people of Papua New Guinea, and issues with
subscribers being asked to subsidised the costs of running an app form theirdata bundles.

Instead, Digicel believes that a regular NICTA sponsored and organised controlled survey, perhaps
twice peryear be implemented in Papua New Guinea. The various operators should be encouraged to
cooperate on the adoption of an agreed Survey methodology to include road tests and static tests
covering voice, texts and data and in such a waythat the resulting measurements and data can be used
bythe networks for network optimisation activities. The partiesto the controlled test scan then agree
on how best to publish summaries of the collected data and its analysis to best give a picture ofnetwork
performance and quality of service in Papua New Guinea.
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Overview
Ofcom has researched consumers' behaviour and experience of using mobile services in the UK by
analysing crowdsourced data collected from Android: devices2. The dataset was licensed to Ofcom
by network benchmarking specialists P3, and contains information relating to mobile end-user
experience and the performance of the networks to which people are connected.

In this report we publish findings from data collected between IJanuary and 31March 2019. We
report on a range of metrics, including the share of connections across network technologies, data
service availability, response time and usage patterns throughout the day, and how these vary by
factors such as location, network technology, day of week and time of day.

This research is part of a wider programme of work by Ofcom to research and provide information
about mobile quality of service. The data in this report relate to performance when network
coverage is available from an operator, while Ofcom's broadband and mobile checker app provides
detailed information about mobile coverage from allfour mobile networks across the UK.

: The operating system used on iphones(iOS) has restrictions on apps running in the background and being
able to access network performance data. Therefore, data collection on iphone devices is currently not
available.

zlncluding mobile phones, tablets and other Android devices with a SIM card.
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Introduction

Purpose of the research

With growing demand for continuous connectivity, people expect to be able to access online
services whenever and wherever they are. Seamless movement between wireless networks, the
availability of internet services, data and callallowances are allimportant factors that affect our
expectations and experience of using mobile networks. The data analysed in this research give vital
Information about this experience across the UK, which helps inform Ofcom's policy making

In May 2018, we published our second Consumer Mobile Experience Report, based on data collected
via an Ofcom-branded app installed on around 5,300 Android smartphones. This app was

specializing in crowdsourced data collections and internationalnetwork benchmarking. The
objectives of discontinuing the app and using this larger dataset were to gain deeper insight into
mobile network performance across the UK and how this varies by a number of factors, including
geography, time of day and technology used, and also to gain greater insight into consumers' use of
Android devices.

; Crowdsourcing is the use of data from a large number of people and, in this particular case, their mobile
devices. These data are automatically collected and made available for analysis.
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Outline of crowdsourced data

The findings in this report are based on analysis of a dataset containing more than 3 billion records
generated from about 150,000 Android device users over a three-month period. The spread of these
records across the nations and regions is a good indicator of where mobile users were living, working

and travelling in the UK during the data collection period.
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for a more detailed description of the data collection and analysis, please see Annex 1: Technical
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Network share

How people connect to networks 4G connection, and operators may revert consumers
to a 3G connection in weaker signalareas to provide

wifi rather than to a cellular network(2G, 3G or4G).
This varied significantly by location and network
operator. People in urban areas were more likely
than those in ruralareas to be connected to wlfi,

which is probably due to greater access to wifiin
offices and public spaces. However, the majority of
daily wife use is during the evenings, when people are
more likely to be using it at home. Similarly, wifi
share was higher at the weekends, when people tend
to spend more time at home, than during the week.

their network and ensure a good connection
experience for as many people as possible.

Average network share by network technology
196 17%e

82%

n 2G

H 3G

B 4G

A verage mobile network share by rurality

for connections made via cellular networks only, the
data show that people were connected to 4G 82% of
the time, with most of the rest spent on 3G(17%
compared to 1% on 2G '). This varied by rurality;
people in urban areas were connected to 4G for 83%
of the time as opposed to 76% for those in rural
areas.

® Urban

Rura
H 2G

Average network share by mobile network

..BPanellists using the EE network spent the highest
proportion of time connected to 4G(90%), while
those using the Three network spent less time on 4G
l78%) and more time connected to 3G(22%) than
those using either EE, 02 or Vodafone. This is likely ta
be related to a combination of 4G network coverage

and network management. For many activities, such
as reading the news or browsing socialmedia, the
performance of a 3G connection can be as good as a

4 Figures rounded to nearest whole percentage
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Data service
availability

Average data service availability, by technology and
rurality When people can use data

services

98.9% 99.0%
The data collected reveals how often people could
access data services when they were using their
Android mobile devices and connected to a

network. On average, people could use data
services on 4G networks 98.8% of the time, with

no significant difference by nation or rurality. This
was almost identicalto the 99.0% average success
rate for wife connections.

& 98.7% 98.8%

94.8% 96.0%
Success rate was lower on average for 3G
connections, with consumers able to access data
services on average 95.8% of the time. However,
it is important to note that these connections are
more likely to be at the 'edge ' of a network where
a reliable 4G connection is not available. The same
is true of 2G connections, which represented less
than .L% of the totalmobile records.

63.8% 71.7%

Avert

97.5%

ge data service availability, by mobile
technology and mobile network

99.0%

There were no significant differences in 4G data
service availability by mobile network, but 3G
connections on the Three network were more

likely to succeed than those on other mobile
networks.

H 3G

a4G

ThreeVodafone



Response time

How quickly networks respond
to data requests Average response time (ms} by technology

Measured in milliseconds, the time it takes the
network to respond to data requests -- for

example to load a web page or stream a video -
can have a noticeable impact on user
experience. In general, most mobile activities
need a network response time under looms to
provide a good experience, although some will
perform satisfactorily with a slower response
time.

On average, wifi connections were more than
twice as responsive as 4G connections, with no
significant differences by rurality. Average
response time on 3G networks were higher, with
significant differences by rurality (62ms in rural
vs. 57ms in urban areas). Looking at the data by
nation, connections in England were the most
responsive, while those in Northern Ireland
were the least, on both 4G and 3G networks.

Average response time(ms) by mobile network and
network technology

4G connections were fastest on the EE network

and slowest on the Three network, while 3G

connections were the least responsive on the 02
network.

Three

4G a3G
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F Data use

How people are using data

Our research shows that data use on mobile

and wife technologies increased steadily
through the day from around 6am. The
proportion of data used on cellular networks
peaked between 5 and 6pm, when people
were likely to be travelling home from work,
while the proportion of wifiuse was higher

Proportion of data traffic by time of day and
network technology

8.0%

7.0%

6.0%

5.0%

4.0%

3.0%

2.0%

1.0%
o.o%

connected at home 0 2 3 4 5 6 7 8 9 1011121314151617181920212223
Time of day

leAverage monthly data consumption varied
significantly between panellists. Forty-four
per cent of people used less than 500MB of
mobile data per month, while only 10% of
people used 5GB or more.

Proportion of average monthly data use per
person by network technology

As expected, given our data on the time spent
on different networks, average data use on
wifi was much higherthan on mobile
technologies. People may also do their more
data-heavy mobile activities on wifidue to
their limited mobile data allowance, or lack of
information on how much data certain

activities use. The proportion of people with
monthly data use over 5GB was almost five
times higher on wifithan on mobile
technologies, while the proportion of those
using less than 500MB dropped by two-thirds
to just 15% on wife.

mobile n wifi

44%

30%30% 30%

16% 17%

1" 6%

l
<500MB >=500MB >1GBto 5GBto >=10GB

to <1GB <5GB blOG B
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Voice call use

Proportion ofaverage mont
person

hly calls made per How people are using voice calls

Mobile voice calls remain an important means of
communication for most consumers. Our
crowdsourced data showed that 94% of
panellists made a callduring the three months
of the fieldwork period, and 96% of panellists
made or received a call.

H 1 < 5 calls

>= 5 < 10 calls

15%
13%

H >= 10 < 20 calls

H >= 20 < 50 calls

those who made calls, just under a fifth made
between one and five calls on average each
month, meaning 24% made five or fewer calls a
month. In contrast, almost a third of those who
made calls made more than 50 calls per month

Proportion of calls by average calf length

B under 90 seconds

H 90secs < 5mins

H 5 < 10mins However, looking at the length of these calls
shows a very different picture. More than 80%
of calls were shorter than five minutes, with 60%
under ninety seconds, suggesting that mobile
users are making frequent but relatively short
ca lls.

H 10 < 20mins
24%

H 20 < 30mins

H 30 < 60mins

The average outgoing calllasted just over four
and a half minutes, with significant differences
by nation, rurality and day of week. People in
ruralScotland spent longer on calls than those in
other ruralareas, while those ruraINorthern
Ireland had the shortest average calllength
overallat just over three minutes. Calls in

Liverpool lasted longer than those in other cities

in the dataset, at an average of just under seven
minutes. Weekend calls were slightly longer on
average than weekday calls, at just under five
minutes compared to four and a half minutes.

Average call duration by city(mins:secs)

6:51

1;1ztiimzil 1 3:15
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Drive Test Software
Mobile coverage and
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mobile networks
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R&S'ROMES4 Universal software platform
R&S'ROMES4 is the universal software platf orm for net-
work engineering and network optimization systems from
Rohde&Schwarz. In combination with other test and mea
surement equipment such as wireless communications
scanners and test mobile phones, it provides solutions for
allessentialtasks involved in coverage measurements,
interference identification. perf ormance measurements
and quality analysis in mobile networks. In addition to
measuring and displaying test parameters, data is pro-
cessed instantly and statistics are calculated in real time

Drive Test Software
At a glance
The R&S'ROMES4 drive test software, the unique
scanner and network problem analyzer INPAI tool
from Rohde& Schwarz, provides an all-in-one
solution for network analysis and optimization.

Support of multiple protocols and standards
R&S'ROMES4 supports 5G NR. GSM/EDGE, WCDMA/
HSPA+, CDMA2000' lxEV-DO Rev. A, WLAN
jIEEE802.11a, b, g, n). WiMAX"u (IEEE802.16e), LIE
NB loT/Cat NBI, LTE-M and TETRA. Standard-compliant
RF level measurements can be time and route-triggered
over a very wide frequency range (9 kHz to 7 GHz). Due to

at any time for new technologies. The test software runs
on a Windows 7/1 0 (64 bin PC.

Straightf onward R&S'ROMES4 drive test sof tware user interf ace
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Combination with R&SeTSMx scanners
When R&S®ROMES4 is combined with the R&S'TSMx
band-unlimited scanners, the measurements help typical
users jsuch as network operators, regulatory authorities,
service providers, chipset manufacturers and government
authoritiesl complete their work quickly and easily.

Key facts
I One software for all technologies from a single source
I Flexible sof tware licenses that meet user requirements
reduce startup costs

I Analysis of R&S'TSME6 and R&S'TSMA6 5G NR
scanner measurements and 5G Qualcomm and Samsung
IExynosl based UE measurements

t Parallel measurements with up to eight mobile devices
per license save time, allowing more effective utilization
of existing resources and saving operating expenses
(OPEX)

thigh-precision. fast RF test and measurement equipment
IRohde&Schwarz scannersl delivers a large quantity of
reliable measurements and results

I Automated analysis at the end of the measurement using
the integrated replay function or the network problem
analyzer(NPAI considerably reduces OPEX

I Automatic identification of GSM interference
considerably reduces OPEX(up to 80% potential savings
compared to standard analysisl

iUnique scanner for 5G NR, GSM, WCDMA. CDMA2000'
lxEV-DO, WiMAXTU, LTE. NB-loT/Cat NBI and TETRA in
allbands and decoding of broadcast information

OMES4 running on a tablet
n R&SOTSMA6 scanner

Rohde&Schwarz R&SOROMES4 Drive Test Software 3



R&S"ROMES4 Easy operation and high flexibility
I Easy-to-use interface that adapts to the user's level
of knowledge

I Ready to use in no time thanks to workspaces and
projects

I Easy system configuration with device manager and
wizards

I Fast setup due to automatic channel detection
I Support of numerous map data formats
I Powerful analysis tools
> page 6

Drive Test Software
Benefits and
key features

5G NR network testing
I Analysis of R&S'TSME6 and R&S'TSMA6 scanner

measurements on 5G NR synchronization signal
blocks ISSBI

I Analysis of 5G NR UE measurements
> page 8

Numerous application tests
I Creation of different application jobs

Data throughput measurement on a PC
Innovative on-device testing with commercial
smartphones

I Output of KPls and the most important network
parameters in a report

> page 10

R&S'ROMES4 with test devices



Automatic handover and neighborhood analysis
I Automatic detection of missing neighboring cells during

drive testing
I Improvement of network coverage
> page 1 2

Parallelspectrum measurement
I Broadband spectrum measurement
I Detection of broadband interferers, neighborhood

interference and uplink activities
> page 22

Testing of voice quality - incl. Volpe
I User-friendly configuration for checking voice quality
I Complete end-to-end measurement from the

user perspective
I Based on PO LQA standard
> page 1 3

Location estimation of 2G/3G/LTE and NB-loT
base stations
I Creation of a base station list during a drive test
I Requires only scanners and GPS
> page 23

LTE broadcast (eMBMS) network optimization
I R&S'ROMES4 in combination with a Rohde&Schwarz

LTE scanner and an LIE eMBMS test mobile
I Network planning
I Network rollout
I Intersymbolinterference detection
I Network configuration check
I Network perf ormance validation
> page 1 4

GSM interference analysis with automatic
interferer identification
I Automatic measurement and identification of interferers

from own GSM mobile network
I Evaluation of BCCH and TCH channels allows
full-featured analysis

I Detection of adjacent-channel and co-channel interferers
> cage 24

Indoor measurements
I Stationary or moving measurements indoors without a
GPS signal

I Combined indoor/outdoor measurements

> page 26

LTE downlink allocation analyzer (DLAA) and
uplink allocation analyzer(ULAA)
I Allocation analysis of strongest eNodeB in

downlink and uplinl<
I Wide range of applications
> page 1 6

R&S®ROMES4NPA: analysis and evaluation of
network problems
I Automatic detection, analysis and documentation of
trouble spots

I Sophisticated algorithms to support users
I Broad range of optional add-on modules for voice quality
and data tests as wellas coverage and neighborhood
analysis

I Comprehensive set of reporting functions
> page 27

NB-loT/Cat NBI and IJE-M measurements
I Combination with a Rohde&Schwarz scanner
I Support of all operating modes defined in

N B-loT/Cat N BI
I Simultaneous measurements of NB-loT and

other technologies
I Layer 3 decoding
I Combination with an NB-loT UE
I [IE M (Cat MI/eMTCI support
[> page 1 8

Full overview of layer I and layer 3
I Display of mobile phone activities in layer 3
I Fast analysis of interrupted connections
[> page 21

Rohde&Schwarz R&S'ROMES4 Drive Test Software 5



Easy operation and
high flexibility

To further simplify and speed up this procedure. users can
create a project. A project contains all the settings of a
workspace and reduces the overallvolume of the modules
to be loaded when the software is started. The startup wiz-
ard makes it possible to fully automatically load and start a
project. workspace or test file.

Easy-to-use interface that adapts to the user's
level of knowledge
Featuring different user levels, R&S'ROMES4 can adapt to
the user's level of knowledge. The different levels make it
possible to adjust the displayed views and signals to what
is most important for the individual user. Experienced and
novice users alike finish their work faster.

Easy system configuration with device manager
and wizards
Multiple wizards help users configure a test mobile
phone in order to perf orm application tests such as FTP
or H'n'P downloads. In just three quick steps, the user
is ready to start testing. The device manager integrated
in R&S'ROMES4 automatically finds and displays all
connected test mobile phones and R&S'TSMx scanner
options. With lust three mouse clicks, the user can con-
figure numerous application tests such as an FTP down-
load. After successfully loading the drivers, R&S'ROMES4
automatically opens a selection of important windows that
display measured data. The test can then be started.

Ready to use in no time thanl(s to workspaces
and projects
Users can create a workspace in which to store all settings
and loaded drivers. At the start of a new drive test, all they
need to do is load this workspace and the test system is
immediately ready to use.

Overview of
key parameters Menu and tools Mobile activity lIE scanner

Route with BTS icons
for GSM. UMTS and LTE

L3 protocol messages Parameter comparison
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Fast setup due to automatic channel detection
The R&S'ROMES4ACD automatic channel detection
feature enables the R&S'TSMW and R&S'TSMx drive

test scanners to automatically detect active channels
in a specified band. 5G NR. LIE. UMTS, CDMA2000'/
I xEV-DO, TETRA and NB-loT networks are supported
The feature can be optionally enhanced by a spectrum
scan that significantly speeds up the detection process.
This feature eliminates the need to set up channellists
prior to a measurement campaign. The measurement
system dynamically identifies new channels and adds
them to the workspace during the drive. This is particularly
relevant in networks deployed in a shared spectrum with
other cellular standards, where channel frequency and
channel bandwidth frequently change.

Support of numerous map data formats
In addition to the Maplnfo map data format. R&S'ROMES4
also supports OpenStreetMap(OSM). Once downloaded.
maps are also available offline. This is particularly import-
ant when testing data calls to ensure that measurement
results are not affected by map downloads. Measurement
results can be exported in ASCII format or converted to a
Google Earth format. With the Google Earth format. a drive
test can be displayed on a map with no additional eff ort.

Powerful analysis tools
When multiple, long drive tests need to be automatically
evaluated for network errors and the cause for these er-
rors determined. the R&S'ROMES4NPA network problem
analyzer is the idealtool. The base module for displaying
ETSlkey perf ormance indicators IKPljand providing an
overview of the data in the measurement files is included
with R&S'ROMES4. Optional modules for dedicated error
analysis of voice or data calls automatically evaluate and
display the error causes. Other modules enable analysis of
coverage test data and neighborhood relationships as well
as delta and comparative analysis. LTE MEMO measure
ments can also be analyzed and evaluated (see page 40
for more detailsl

OpenStreetMap
OpenStreetMap (OSM) is a user-editable world map that is available
at the following internet address:

http://www. openst reetmap.o rg/

OSM is a wiki project in which users can participate by uploading and
editing geographical information such as GPS tracking data or the
course of a road or river. This world map is growing daily.

OpenStreetMap data can be used freely under the terms of the
Creative Commons Attribution-ShareAlike 2.0 license.

Quick overview thanks to automatic channel detection

Rohde&Schwarz R&S'ROMES4 Drive Test Software 7



5G NR network 5G NR is expected to become the leading radio access
technology in mobile networks during the next few years.
New use cases such as ultra high speed internet access,
massive numbers of connected devices and low latency
connections require a completely new radio interface com
pared to UE. This leads to a very flexible physical layer
that can be adapted to different use cases to enhance
network availability and maximize quality of service - from
low latency to ultra high data rate applications.

testing
Requirements
E R&S@ROMES4
} R&S®TSME6 or R&S®TSMA6 scanner with

R&S®TSME6-K50/R&S'TSMA6-K50 option
I R&S@ROMES4TI E

for mmWave: R&S@TSME30DC
ultracompact downconverter and
R&S'ROMES4T30D dawncanverter driver

1 5G UE Qualcomm support:
5G device (Qualcomm chipsets
R&S'ROMES4QC
R&S®ROMES4NRQ

1 5G UE Samsulla sunnort:
5G device {Exynos chipsets
R&S®ROMES4SAM
R&S'ROi\n ES4NRS

Another essentialbuilding block of the 5G NR physical
layer is the use of beamforming technology. It is the key to
overcoming the issue of higher path loss due to operating
on higher frequencies. Beamforming is even used for syn-
chronization signals that U Es traditionally use to synchro-
nize with the network. In 5G NR. synchronization signals
are also used for channel quality estimations. which are
the basis for establishing effective data transmissions.

t setup example for 5G NR
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Analysis of R&S'TSME6 and R&S'TSMA6 scanner
measurements on 5G NR synchronization signal
blocks (SSB)
With the R&S'TSM E6-K50 or R&S'TSMA6-K50 option.
users can measure 5G NR synchronization signal blocks
ISSBjand decode the PBCH/MIB content of each detected
SSB. 5G NR SSB measurements help verify 5G NR cover-
age and the effect of beamforming, which is a very com-
plex technology with several components involved. Each
SSB can be transmitted on different beams(depending
on the network configurations. which can be decoded by
the scanner. With different SSBs and beams, the scan-
ner results become three dimensional: power, signal-to-
noise and interference measurements for each PCland
SSB/beam index deliver a complete set of data to verify
the transmission of each SSB/beam. 5G NR SSB mea
surements are supported for allSSB subcarrier spacings
and transmission cases defined for sub 6 GHz bands and
mmWave up to 30 GHz, for which an R&S'TSME30DC
ultracompact downconverter is needed in addition to the
sca n ne r.

5G NR UE measurements
With UE specific options IR&S'ROMES40C and
R&S'ROMES4NRQ for Qualcomm based UEs or
R&S'ROMES4SAM and R&S'ROMES4NRS for Samsung
based UEsl users are able to perf orm dual-port recording
for non-standalone(NSAI mode. 5G NR UE support pro
video LIE information related to 5G as well as the 5G spe-
cific NR serving cellinformation such as NR DL ARFCN.
PCland SSB index, LI measurement values such as RSRP
and RSRQ, L2 PDSCH and PUSCH information. and L3
signaling together with services testing data.

R&SC'ROMES4 5G NR GUI displaying the results measured with the R&SOTSME6 scanner
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Numerous Creation of different application jobs
Mobile data calls are the standard today. It is therefore
essential that data services be optimized with respect
to quality and data throughput. This requires tools that
can be used to configure. display and evaluate the differ-
ent data measurements and packet-switched services
R&S®ROMES4 offers three different test solutions that are
based on differing test concepts.

application tests
Requirements
I R&SG ROMES4
I Test mobile phone
I R&S'ROMES4QC (Qualcomm drivers or
R&S'ROMES4SAM(Samsung drivers

I R&S'ROMES4QP {QualiPoc drivers
I Optional:

R&S®ROMES4CA or R&S'ROMES4CAU(carrier
aggregation drivers for DL or UL, Qualcomm}
R&SOROTUES4LAA(licensed assisted access,
Qualcomm, requires R&S'ROMES4CA}

Data throughput measurement on a PC
The R&S'ROMES4 data quality analyzer (DQAI makes it
possible to perf orm data tests using a commercially avail-
able mobile device(mobile phone, data stick), where the
mobile device either acts as a modem or is connected
via NDIS. The test is evaluated on a PC. This ensures that
the latest devices are always used for testing and enables
a fast response to new technologies such as LTE carri-
er aggregation or 5G NR testing. DQA jobs can be run
in parallel so that users need lust a few mouse clicks to

testing. By appropriately linking paralleland sequential
jobs, the behavior of internet users can be simulated. The
R&S'ROMES4 data quality analyzer supports the following
applications, which can be combined in an individualjob
list: SMS, email (POP3 and IMAPI, ping, UDP. FTP. HTTP
and video streaming

DQA Session Report
f. Connect Job

Haden:Z36Q[3]
Total Attempts to establish the Connection:

Successful Attempts:
Success Rate:

15

13

86.7%

No Services:

Good DQA Sessions:
Blocked DQA Sessions:

Dropped DQA Sessions:
Application Errors:

Incomplete DQA Sessions

DialupTime: Min: 3719ms Max: 124985ms Avg: 15763.31 ms
HTTP Time: Min: -- Max: -- Avg:

SetupTime: Min: 3719ms Max: 124985ms Avg: 15763.31 ms

Se\up Time
The DOA report of a drive test quickly

reveals trouble spots
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Innovative on-device testing with a smartphone
When used together with a suitable QualiPoc Android
phone, the R&S'ROMES4QP smartphone option sends al
of the messages and analyses directly to the smartphone.
This ensures an almost exact simulation of user behav-
ior. R&S'ROMES4 GUlmakes configuration easy and
convenient. Up to six wired devices can be controlled in
parallel. Depending on the device. voice quality analyses
and Vole measurements can be perf ormed in addition
to data tests (incl. carrier aggregation). R&S'ROMES4
includes the following jobs, which also can be assigned
to a job list: email, ping, FTFI HTTP. HTTP capacity test,
Cal12AnyNumber. double ended voice quality, MOC DL
voice quality, network perf ormance tests and application
testing such as Youtube. Ookla. Facebook or WhatsApp.

Innovative on-device testing with commercial
smartphones
Today's applications often callfor very high-speed mobile
data transfer. where a USB connection can be a limiting
factor. To overcome that limitation, R&S'ROMES4 sup-
ports on-device testing for unmodified commercial or
precommerciaIAndroid smartphones. Users can test data
throughput directly on the device without the limitations
imposed by a USB connection. For example, tests can be
perf armed on precommercial devices during initialtesting
of new features je.g. higher-order carrier aggregation u.
licensed-assisted access(LAAI and MIM0 4x4) in the
lab or field. The R&S'ROMES4 data quality analyzer sup-
ports on-device testing in both ADB mode for FTFI HTTP
and capacity tests and QualiPoc unrooted mode. where
R&S'ROMES4 executes a QualiPoc installation on the
connected commercial smartphone, delivering DQA tests
IWi-FI. VoLTE. ping, messaging and POLKA call tests) in
addition to those provided in ADB mode.

The QualiPoc Android phone can also be used as a stand-
alone device. for instance for indoor measurements. This
increases the flexibility and saves costs, since only one de-
vice is needed.

OatbatSt KPiiaiSltBnairia$aaatira6tWarl
parameters in a report
Automatic real-time analysis generates multiple reports
containing key benchmark data. ETSI KPls are calculated
a u tomatically.

Currently up to five carriers in downlink(DL) and two in uplink(UL)

The QualiPoc Android phone can also be used as a standalone device

for instance for indoor measurements

Rohde&Schwarz R&S'ROMES4 Drive Test Software ll



Automatic handover Automatic detection of missing neighboring cells
during drive testing
Automatic neighborhood analysis is based on a base
station list and the base stations' broadcast signals that
are decoded by the R&S'TSMx scanners. These system
information blocks (UMTS and rTEI or system informa
bon types(GSM} include information that is normally used
by test mobile phones to identify and monitor relevant
neighboring cells. The report containing the measured
values of the neighbor channels is forwarded to the
base station. If necessary. the base station can use this
response to initiate a handover.

and neighborhood
analysis
Requirements
I R&S@R01VIES4
I R&S®ROMES4HOA
I R&S@'ROMES4TI W or

R&S©ROMES4TI E
I R&S''TSMW, R&S'TSl\4E or R&S'TSMA scanner
I R&SOTSMx GSM/UMTS scanner
I Test mobile phone
I R&S'ROMES4QC (Qualcomm drivers or

R&S' ROMES4SAM(Samsung drivers

Improvement of network coverage
Unlike test mobile phones, the R&S'TSMx scanners see
allsignals. These signals can be allocated to the relevant
neighboring cells. R&S'ROMES4 is thus able to auto-
matically compare the measured data from the scanners
and the test mobile phones against a base station list to
identify any missing neighboring cells. These missing cells

worst case. can terminate a call.

The SIB analyzer integrated in R&S'ROMES4 compares
the neighboring cells measured by the scanner against
those in the base station list. Neighboring cells that were
detected but do not appear in the list are marked in yellow,
indicating a missing neighborhood. This automatic neigh-
borhood analysis works for UMTS; a comparable function-
ality exists for GSM. Both work in real time. For TETRA and
[rE, this functiona]ity is inc]uded in the R&S'ROMES4NPA
network problem analyzer (see page 27}.

Detecting a missing neighborhood at a glance
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Testing of voice
quality - incl. VoLpE

Complete end-to-end measurement from the
user perspective
The measurements can be pert ormed using a fixed-
network station, usually a voice-quality server, or another
mobile phone. The mobile phone reflects the quality as
experienced by a mobile user and also permits HD voice
measurements. In contrast. a fixed-network station serves
as a reference. enabling the cause of a poor MOS to be
found more quickly.

Requirements
I R&S€ROMES4
I R&S®ROMES4QP
I QualiPac Android QA test mobile phone
I R&S'ROMES4QC {Qualcomm driver)
I R&S'ROMES4SAM(Samsung driver)
I Optional: R&S@ROMES4VO (Vane driver)

Based on POLKA standard
The R&S'ROMES4QP option and a suitable QualiPoc
Android QA can be used to measure calls for the down-
link and uplink. For the downlink. the server replays a
reference voice signal, and the QualiPoc Android OA
connected to R&S'ROMES4 evaluates this received signal
For the uplink, the R&S'ROMES4 test system replays a
voice signal and the server uses a POLKA algorithm to
evaluate it.

User-friendly configuration for checldng
voice quality
Mobile networks face increasingly high quality demands
For testing voice quality, R&S'ROMES4 offers an innova-
tive. full-featured. end-to-end solution that exactly simu-
lates user behavior.

Following a drive test. the measured data can be merged
so that the uplink and downlink measurements are avail-
able in one log file. The merge process can be skipped if
two phones connected to R&S'ROMES4 call each other.The test mobile phone is connected to the R&S'ROMES4

via USB and configured using ajob list. A POLKA algo-
rithm (ITU-T P.8631 evaluates the voice quality directly on
the phone. The results are displayed live in R&S'ROMES4
The greater the difference between the transmitted voice
signaland the reference signal, the poorer the voice
quality. This is indicated by the usual mean opinion score
IMOSI and can lie between ljpoor} and 5 avery goode.

Voice quality measurement AMOS) with a Samsung Galaxy S5

€
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  Start End Rcsuh MOS Tx S-RT]5] c-sT]s] Cltstan) CI(End) MCC MNC Mode luPE

111 taSa4iPiS la5218,161 Goad 397n34 153 dBm   4.45       3 UMPS 5maAphQne (MOC)

112 tuSZ44u7 la54;18.423 Goad   26B dBm     20a2   H2 3 LTE->UMTS Smadphone (MOC)

113 iaS4;4ZOZt la5618.2B Goad 350B.73 238 dBm     18279   H2 3 LTE->UMTS SmadphQnE (MOC)

114 iChS0:42Lot9 1058:18.1M Good 3B5nB5 D2 dBm     42m lg 65 a2 3 LTE->UMTS Smanphanc (MOC)
115 taSK4tJ8t uoaiB;n Good   9BdBm   +52 23179   H2 3 LfMTS Smanphone (MOC)

116 119a4&m5 110218,256 Good   89 dBm     652BI   H2 3 LTE->UMTS Smddphone (MOC)

U7 liOZ4ZoiS llD4:18.141 Good 397D42 39D dBm   456 3H3   n2 3 UMT$>GSM 5martphanE (MOC)

118 llD4:4&009 119&18.2S Gwd 117B.H GSM   6D5 27000 270W H2 3 GSM SmaRphane (MOC)

119 1106:4&017 llXB=18.496 Good 343BS7 33D dBm   4S2 n579 3379 H2 3 UMTS->GSM Smanphane (MOq
  ttoa;4z026 11:10:18.323 Goad 395n£4 33DdBm   4j8     H2 3 UMTS 5modphonc (MOq

la llla41Pn ll:lZ18.227 Good 399B82 55dBm   i57 n2n     3 UMPS SmaRphone (MOC)
122 ll:iZ4iln 11:14;18.217 Good 382B95 B] dBm   454     M2 3 uhas SmaRphone (MOC)

la 11;14;4Z022 11:16:18.24] Gwd 392n96 96 dBm     DS9   22 3 UMTS Smanphone (MOCK
124 ll:ifi:4Z03i ll:l&18.266 Good 390B90 H).7 dBm   4.n     262 3 JUTS SmaAphonc (MOCK
125 11:18:41947 [[:n;]8.2Z5   !Hln.72 7£dBm   IS7     H2 3 UMTS SmadphQne (MOC)



LTE broadcast R&S®ROMES4 in combination with a
Rohde&Schwarz lIE scanner and an LTE eMBMS
test mobile
LTE broadcast, using the evolved multimedia broadcast
multicast service(eMBMSjfeature of LTE, allows opera-
tors to more efficiently provide services to a large num-
ber of subscribers. Instead of transmitting video and data
content separately to individual users, broadcast saves
network resources, making it attractive for areas such as
event venues where a multitude of subscribers request the
same type of content.

jeMBMSI network
optimization
Requirements
I R&S©ROMES4
I R&S€ROMES4TIVV or

R&Se'ROMES4T I E
I R&S®TSMW scanner with

R&S@TSMW-K29 and R&S®TSl\4vV-K32 or
R&SCTSM E scanner with
R&S€'TAME-K29 and R&S'TAME-K32 or
R&S®TSMA scanner with

Enabling broadcast in an LTE network poses challenges
for the network operator. It is necessary to ensure contin
ued high-quality unicast services and simultaneously pro
vide high-perf ormance broadcast services. The broadcast
network consists of a virtual single frequency network
ISFN) inside the LTE network, where a set of eNodeBs that
are part of the same broadcast area transmit the same

I O!)tional for test tnobile support:
R&S®RO{VIES4QC and R&S®ROMES4EIVIQ

eNodeB synchronization. which is typically not the case in
LTE-FDD networks. In addition. intersymbol interference
becomes important in the SFN. The eMBMS feature
already makes use of the extended cyclic prefix, but when
planning and commissioning the broadcast network.
it is crucial to validate that the network footprint at the
given operating frequency does not lead to intersymbol
i nterfe renee .

R&S'ROMES4 in combination with an [TE scanner,
such as R&S'TSMW, R&S'TSME or R&S'TSMA. and
an eMBMS capable test mobile is the ideal solution for
optimizing such a network
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Network planning
With the scanner. the LTE network can be baselined in
the planning phase, and the network synchronization can
be checked against GPS. This allows the network planner
to predict potential areas of intersymbol interference and
allows planning of the MBSFN area IDs, similar to PC
planning in an LTE unicast network.

Network( configuration check
The scanner decodes the SIB2 and SIB13 broadcast mes-
sages that include information on the eMBMS configura
bon in the network, such as MBSFN subframe configura
bon from SIB2 and MCCH configuration per MBSFN area
from SIB13. Engineers can check that the network is con
figured correctly in the field.

Network rollout
During the network rollout and tuning of the broadcast
network, the scanner can measure the power (RSRP) and
quality ISINR) of each MBSFN area. The engineer can then
check the validity of the network planning by comparing it
to the results from the field.

Network performance validation
While the scanner allows optimization of the RF environ-
ment, it is also crucial to validate the network perf ormance
with a test mobile. R&S'ROMES4 supports eMBMS test
mobiles with a Qualcomm chipset, so the engineer can
test the connection to the eMBMS network, view layer 3
and flute messages, capture the IP trace and analyze prob-
lems in the broadcast network. While testing eMBMS, it
is important to continue testing the unicast services (data
and VoLpE) to ensure that service quality stays at a high
level when introducing the eMBMS feature.

Intersymbol interference detection
The scanner can also be used to detect intersymbol inter-
ference. Due to the impulse response measurement
per PCI, it can also detect which eNodeB is causing this
interference, allowing the engineer to take corrective
measures.

R&SOROMES4 eMBMS scanner view with intersymbol interference analysis

K:l CdD
2a) dbde8 1D: +031/1 P(1: 2a)
la) dbde8 1D: 4031/+ P(l: .+a)

Poww tdan[ SPR [dB) WB RS@ ]d... w8S8a [dB]
.71.7S 17.05 .92.99 1+.1S
.91.n .19.66 .91.70 .14.77
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LTE downlink Requirements
I R&Sc;ROMES4
I R&S®ROMES4TI W or

R&Se'ROMES4T I E
I For DLAA

R&S'TSMW scanner with
R&S'TSMW-K29 and R&S'TSIWW-t<31 or
R&S'TSME scanner with
R&S'TSME-K29 and R&S€TSME-K31 or
R&S'TSMA scanner with
R&S®TSMA-K29 and R&S®TSME-K31

I For U LAA
R&S®TSMVV scanner with
R&S®TSMW-K29 and R&S®TSMW-K33 or
R&S®TSME scanner with
R&S®TSME-1<29 and R&S®TSME-K33 or
R&S'TSMA scanner with
R&S®TSMA-K29 and R&S'TSME-K33

I Optional: R&S';TSMW-1<27/R&S®TSME-K27/
R&$®TSMA-1<27 RF newer Scan

allocation
analyzer IDLAAIand
uplink allocation
analyzer IULAAI

Fast overview of resource block allocation, average MCS and target throughput of various RNTls
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Allocation analysis of strongest eNodeB in
downlink and uplink
In combination with an R&S'TSMW, R&S'TSME or
R&S'TSMA scanner. R&S'ROMES4 offers a unique feature
that allows analysis of the downlink and uplink allocations
lup to Release 12jof the strongest eNodeB during mea-
surements. The following information is included:
I Number of RNTls(UEsl scheduled by the eNodeB for
data reception

I Modulation and coding scheme(MCSjand throughput
for each detected UE

I Cell allocation

vVide range of applications
The analysis results for LTE downlink and uplink alloca
tions, for example, can explain the limited throughput of a
test mobile phone if the scanner shows that the cell load is
high and that there are not enough resources available for
the phone.

In a benchmarking environment. this feature provides
deep insight into networks, allowing comparison of traffic
load and available capacity for different operators.

Other applications include a network probe to measure
the cell load in stationary operation, for example when a
base station site owner wants to know the importance of
a certain base station bef ore renewing the lease with the
network operator.

Information is provided per TTI and per resource block.
Data can be statistically evaluated to estimate the overall
cell load based on throughput and number of users. This
information is important during network optimization and
troubleshooting as it helps users acquire network data
without special maintenance tools such as base station

Allocations are shown
for the selected PCI
or for the PCI to
which the test UE is
connected

i.gRaS tn ..
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etlode 8
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ellode8 ID: 103602/0 PCl: 103
rlode8 1D: #- Pa: t0+
Nodes ID: J- PCl: 102
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List of eNodeBs

List of RNTls;
connected test UE
is highlighted

Percentage of cell
capacity in RB that
is used by an ANTI

Color: allocation per RNTl;
white: no allocation; vertical white
line: no results; black lines delimit results

Double-click
on TTI/RB

opens details
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NB-loT/Cat NB I Combination with a Rohde&Schwarz scanner
In combination with an R&S'TSMW. R&S'TSME or
R&S'TSMA scanner. R&S'ROMES4 enables loT mea-
surements in both NB-loT and LTE-M networks. NB-loT/
Cat NBI and UE-M are 3GPP standards for connecting a
huge number of things such as smart meters to the inter-
net jloTI.

and LTE-M
measurements

While traditional LIE standards are mainly aimed at
increasing throughput and network capacity, NB-loT/
Cat NBI and LTE-M focus on low power consumption
for loT devices and highest availability of the connect-
ing links, especially indoors. Indoor measurements re-
quire lightweight, ultracompact scanners with low power
consumption. For coverage validation. troubleshooting
and optimization, R&S'ROMES4 in combination with a
Rohde&Schwarz scanner delivers signal power, signal
quality. and carrier to interference and noise ratio (CINRI
measurements for each available physicalcellID.

Requirements
t R&S®ROMES4
I R&S®ROMES4TI W or
R&Se'ROMES4T I E

I R&S'TSMW scanner with
R&S®TSMW-K29 and
R&S'TSIUW-K34/R&S©TSIUW-K35 or
R&S®TSME scanner with
R&S®TSME-1<29 and

R&S®TSMA scanner with
R&Se'TSMA-K29 and
R&S'TSMA-K34/R&S®TSME-K35

E R&S®ROMES4QC and R&S'ROMES4NBQ for
Qualcomm NB-loT support

I R&S®ROMES4NBN for NeuINB-loT UE support
E R&S''ROMES4QC for Qualcomm LIE-M support

PCI. power and carrier to
interference and noise ratio
ICINnl based on S-SYNC

frame structure type. cyclic
prefix information and NB-loT
carrier center frequency

Power. quality, CINE and RSSI based on

reference signal measurements for both
eNodeB antenna ports ITXO, TXll
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Total power received
inside the NB-loT
carrier bandwidth

Ireceived signal
strength indicator.

nssil

TopN chart. received power bar for each PC
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Support of all operating modes defined in
N B-loT7Cat NBI

Simultaneous measurements of NB-loT and
other technologies
NB loT measurements can be perf armed simultaneously
with measurements for other technologies such as
GSM, LTE or(WICDMA. During network optimization or
troubleshooting, the impact of the NB-loT spectrum on
adjacent GSM/LTE/(WJCDMA spectra and vice versa can
be validated.

The NB loT/Cat NBI standard defines three operating
modes to integrate NB-loT carriers efficiently into the
available spectrum. R&S'ROMES4 supports allthree
modes. The LTE in-band mode makes the most efficient
use of the available spectrum. In this mode, one NB-loT
carrier uses the spectrum of one LIE PRB. The other
operating modes - guard-band and standalone - allow
N B-loT deployments independently of the LTE spectrum

NBloT Scan
ii-.&, R&S NB loT Scanner [TSMEXI I
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Layer 3 decoding
The NB-loT scanner supports layer 3 BCH demodulation
IMDB/SIBI). Layer 3 BCH data offers deep network con-
figuration insight and helps optimize troubleshooting. De
modulation is perf armed on the fly during standard NB-loT
synchronization and reference signal measurements.

LTE-M (Cat MI/eMTC) support
LTE-M is fully compatible with existing LTE networks.
R&S'ROMES4 supports LTE-M measurements in combi-
nation with both a scanner and an LTE-M device. LIE M is
standardized for the LTE in band mode only. By perf orming
subband measurements with a Rohde&Schwarz scan-
ner. it is possible to evaluate the RF conditions for each
LTE-M narrowband or identify e.g. the best narrowband for
[TE-M data transmission. ]n combination with an LIE-M
device. R&S'ROMES4 can deliver traditionalUE based
mobile network measurements IUUDL RF conditions,
UE state. operator information, serving cell information,
RACH procedure). LIE-M specific measurements sup
ported by R&S'ROMES4 include, for example. decoding
eDRX, power save mode and coverage enhancement(CEI
mode parameters.

BCH/broadcast messages include master information
block(MIBjand system information block ISIB) messages
They are demodulated for each cell/PCland displayed in a
tree structure in the new NB-loT scanner BCH view.

Combination with an NB-loT UE
In combination with an NB-loT UE, R&S'ROMES4 enables
network perf ormance and service quality measurements
in NB-loT/Cat NBI networks. This setup permits traditional
mobile network testing measurements such as RF condi-
tions (including serving cell allocation and identity, down-
link(DL) and uplink IUL) channel perf ormance) and the
random access channeljRAfH} DrocedurQ.

It additionally provides information about NB loT specific
features such as cellular loT (Clot), coverage enhance-
ment levels (CE) and eDRX. Dedicated NB efficiency
KPls offer analysis of the used energy and transmission
efficiency as power consumption is a key NB-loT metric.

NB-loT meast.irements with R&S'ROMES4

and the R&SOTSMA autonomous mobile network
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Full overview of Requirements
I R&S'ROMES4
I Test mobile phone
I R&S©ROTVIES4GSM {GSM driver) or

R&S'ROMES4QC(Qualcomm driver) or
R&SeROMES4SAM(Samsung drivers or
R&S®ROMES4QP {QualiPoc drivers or
R&Sa'ROMES4TET (Sepura TETRA drivers

layer I and layer 3

Display of mobile phone activities in layer 3
The basic functionality of R&S'ROMES4 in combination
with the drivers for test mobile phones provides a large
amount of information from layers land 3. Users can see
the radio conditions(GSM or WCDMA. channel, voice
codec, etc.} for phone calls at a glance.

Parallel jobs are configured with simple graphics

If measurements are also taken by a scanner. the scanner's
measured data is displayed in the same window. allowing

all the messages. sorted by up-
link and downlink. Each message is decoded and can be
opened if necessary.

Fast analysis of interrupted connections
In addition to protocol messages, interrupted/blocked and
successfulconnections are also displayed. When jumping
to a trouble spot. all views will show measurements taken
at this point in time. This makes it considerably easier to
find the cause of a problem.Layer 3 protocol messages for uplink and downlink

In addition, a filter function in Layer 3 View enables users
to evaluate only specific messages.
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Pa rallel spectrum Marker functions make it easy to precisely measure
dedicated frequencies and detect changes. A marker can
also be defined as a reference and compared against the
maximum value.measurement
Detection of broadband interferers, neighborhood
interference and uplink activities
The waterfall diagram gives the user a general idea of
the air interface and its history. This makes it very easy
to locate broadband interferers or external interference.
Allthe user needs to do is move the mouse pointer over
the waterfall diagram. At any desired spot. timestamp
and frequency are displayed. enabling the user to find the
center frequency of an unknown signalfaster.

Requirements
E R&S®ROMES4
k R&S'ROMES4TlvV or

R&S®ROMES4TI E
I R&SOTSMx scanner with

R&S®TSMU-K17 RF power scan
I R&S®TSMx scanner with

R&Sa'TSMW-K27 RF power scan
I R&Se'TAME scanner with

R&S'TSME-K27 RF power scan
I R&S®TSMA scanner with

R&S®TSMA-1<27 RF power scan

The spectrum function is based on FFT analysis. Various
FFT sizes allow users to set measurement bandwidths
down to min. 140 Hz. The smaller the measurement band
width, the greater the measurement accuracy. This per-

sweep time of a normal spectrum analyzer. Fast measure-
ments are especially important during drive tests in order
to obtain a sufficiently high density of results during the
drive.

Broadband spectrum measurement
In combination with an R&S'TSMW, R&S'TSME or
R&S'TSMA scanner, R&S'ROMES4 can be used to
perf orm a spectrum scan. The user can select up to
32 frequency ranges from 80 MHz to 3 GHz IR&S'TSMW:
30 MHz to 6 GHz; R&S'TSME/R&S'TSMA: 350 MHz
to 4.4 GHzl. The frequency range is not limited.
R&S'ROMES4 offers different display options, e.g. enve-
lope spectrum measurement, RMS, peak or a predefined
channel mask. In this case. the power per channel is
displayed

A specialthreshold value is provided for monitoring the
spectrum. Spectra that do not show any test points above
this threshold value are not displayed. Any data that is not
of interest is not recorded.

Frequency markers and the entire spectrum can be
exported in the ASCII format.

Five user-selectable frequency ranges for

spectrum measurements

Zoom display of one of the five ranges
there the first range "0" from 80 MHz to 2.5 GHzl

Waterfall display of selected range

22



Location estimation Creation of a base station list during a drive test
The R&S'TSMW, R&S'TSME and R&S'TSMA scanners
enable users to estimate the geographic position of base
stations. This can even be done for GSM. WCDMA.
CDMA2000' lxEV-DO, LTE and NB-loT base stations in
parallel.

of 2G/3G/LTE
and NB-loT Requires only scanners and GPS

For the calculation algorithm, allthat is needed are
the measurement parameters from a highly accurate
GPS receiver with output of the PPS time reference
signal(pre installed in the R&S'TSMW, R&S'TSME and
R&S'TSMA) and from the 2G/3G/4G scanner.

base stations
Requirements
I R&S'ROMES4
I R&Se ROMES4LOC
I R&S®ROMES4TI W or
I R&Se'ROMES4TI E
r R&S'TSMW scanner or

R&S®TSME scanner or
R&Se'TSMA scanner

The R&S®ROMES4 software and the R&S'ROMES4LOC
driver allow the scanners not only to detect the main levels
of the BTS(2G: RxLev. 3G: RSCF3 4G: RSRP) but also to
demodulate the broadcast channels(BCHI. Important time
information as well as details of the transmitting BTS are
thus obtained.

The maximum likelihood method is used to calculate the
geographic position of the individual BTS from the mea-
sured data provided by the GPS receiver. BCH time infor-
mation and level changes during the drive test

Following the drive test. the calculation results are
exported to a base station list and the located base
stations are displayed on an underlying street map

Selecting the BTS opens another window in which the
characteristic data of the BTS is displayed.

The calculated position of a BTS lies within an error ellipse
japprox. 200 m) that is also exported. Base stations can be
filtered based on the accuracy of location estimation.tap i iced nsal i; il its ii}4Ti ptJ! .v I Vab: \ 3 q. '\ E8 8. p ' 0 1984

Results of the measured geographic position of

base stations using the R&S'ROMES4 software
and the R&S'ROMES4LOC driver
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GSM interference Automatic measurement and identification of
interferers from own GSM mobile network
R&S®ROMES4 allows GSM interference to be determined
automatically and clearly from the own GSM network
during the drive test. The actual interferers can be dis
played on the underlying street map in Route Track View.
This makes it considerably easier to use the software and
perform tests, reducing costs dramatically in comparison
with conventional methods.

analysis with
automatic interferer
identification The evaluation is perf armed in three steps:

I Automatic detection of an interference situation (type.
length. locations

I Automatic analysis of the detected interference (test on
BCCH and TCHI

I Classification of the actual interferers on the basis of the
individualinterference situation and pinpointing of the
interferers on the street map (interfering base station
with channelindication: BCCH. TCH, adjacent channels

Requirements
I R&S®ROMES4
I R&S@RC)MES4C01
I R&S'ROMES4TI W or

R&S'ROMES4TI E
I R&S'TSMx GSM scanner

I R&S'ROMES4QC (Qualcomm driver) or
R&S'ROMES4SAM {Samsung drivers

GSM interference analysis with automatic interferer identification - map display.
The map shows the position of the interference {crosshairs), the cell currently providing coverage IS) and the four interfering

cells(11. 12. 13 and 14). The markings N lto N6 show the current neighboring cells. The color of the route indicates the received
signal strength of the GSM mobile phone

g
.8# ~"$8f%" JI

BCOltCO} a
a: 56S
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TCH[Cx} 45. 94 .i
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To optimize interference analysis, more than just selectable
trigger thresholds (e.g. RxLevFull, RxLevSub, RxQuaIFull,
RxQualSub. FERjare used. Some of the test mobile
phones supported by R&S'ROMES4 also provide a C/I
value for the traffic channels being used(TCH). Because
the SIM connection only allows the test mobile phone
to see the data from the allocated mobile network. and
because it is not very RF-sensitive. the use of high-grade
scanners is absolutely essential.

Detection of adjacent-channel and
co-channel interferers
The combination of scanner and test mobile phone can
even be used to measure the power in the time slots being
used (TCH, TS Time Sloth, making it possible to identify not
only interfering BCCH channels but also TCH interferers.

Evaluation of BCCH and TCH channels allows
full-featured analysis
The R&S'TSMW, R&S'TSME and R&S'TSMA scanners are
able to instantly detect allselected RF channels(BCCH)
and demodulate the BCH information. As a result. allthe
data from the BTS transmitting the signals is available. This
is especially relevant when perf arming measurements in
the vicinity of national borders Ifaulty frequency allocation,
roaming, etc.I.

GSM interference analysis with automatic interfered identification - detailed display.

Eight interference situations were detected during the drive (bottom window). The interference marked on the

map was 1 7.7 s in duration and extended over a distance of 75.8 m. The BCCH of the cell providing coverage is

channel 38; the interference occurred on TCH 45

The upper part of the screen shows the scanner measurements from channel 45 of the cell providing coverage

Igreen) as well as the measurement of the interfei-eis(red). The list shows the individualinterferers together with the

measured signal strength, the identification of the cell and its distance to the location of the interference.
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Indoor Stationary or moving measurements indoors
without a GPS signal
High-quality wireless communications coverage inside
buildings, e.g. at airports, shopping malls and exhibition
halls, is gaining in significance. especially with respect
to data traffic. Since GPS reception indoors is limited or
nonexistent. R&S'ROMES4 offers an alternative to con-
ventional navigation display(GPS data on a maps.

measurements
Requirements
I R&S®ROM ES4
I R&S€ROM ES41ND
I Test mobile phone and/or scanner
I R&S'ROMES4QC {Qualcomm drivers or

R&S'ROlv!ES4SAM {Samsung drivers or
or R&S'ROMES4TET(TETRA drivers

Combined indoor/outdoor measurements
The R&S'ROMES41ND indoor driver option provides a sep-
arate means of navigation that makes it possible to display
positions on a floor plan. Measurements can be taken at
specific points (hot spots, e.g. in conference rooms) or
along a specific path(continuous, e.g. in a corridor). Com-
bined DUTs(comprising buildings and outdoor areas such
as company premises) can be optimally measured and
georeferenced. The software also displays a smooth tran
sition to areas covered by GPS. Measurements of multi-
floor buildings are easily handled by displaying the various

of georeferenced and non-georeferenced map formats
stab. jpg, tif. bmp. pngl and included import functionalities
for iBwave ibwc and AutoCAD DXF files simplifies and
speeds up daily work. The layer that corresponds to the
floor where the user is located is visible on the map. The
complete integration of the indoor functionality into the
R&S'ROMES4 map display allows intuitive operation.

Display of a floor plan in hot spot mode
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R&S"ROMES4NPA: Automatic detection, analysis and documentation
of trouble spots
The sheer volume of recorded data makes individualand
manualanalysis impossible. The data Ifrom R&S'ROMES4
or QP files, after conversion in the latter camel is therefore
automatically analyzed by the R&S'ROMES4NPA net-
work problem analyzer, which outputs a list of all detected
trouble spots and displays them on a map using Google
Maps, OpenStreetMap (OSM) or user-defined maps.
R&S'ROMES4NPA also provides information about the
cause of the problem

analysis and
evaluation of
network problems

Sophisticated algorithms to support users
The easy-to-use interface guides the user through the
process, from reading in the measured data (from one
or more drive tests) and selecting the analysis criteria to
retrieving the automatically generated list of trouble spots

Requiretnents
I R&S'ROMES4NPA

(included in R&S@ROMES4 or as standalone)
I R&S'ROMES4N I I
I R&S®ROMES4N 1 5
I R&S®ROMES4N 1 7

I R&Se'ROMES4N ] 9

I R&S'ROrVIES4N20
E R&S'ROMES4N21
I R&S'ROMES4N22
I R&S'ROMES4N23
I R&S'ROMES4N30
I R&S'ROMES4N31
I R&S'ROMES4N34

Right-clicking a problem automatically opens

ment file just ahead of the trouble spot in question so that
the user can perf orm a detailed check if required. The
result is displayed in HTML in a clear report that can be
printed. An export to Excel allows easy data processing.

The measurement data is analyzed according to specific
criteria that depend on the modules selected. In all mod-
ules, the analysis criteria can be adapted to user-specific
limit values and settings.

The R&S'ROMES4NPA base package includes the
following modules
I NQA (network quality analyzer) for voice calls, base

module including KPls
I DQA (data quality analyzer) for PS data connections

base module including KPls
Start screen of R&SOROMES4NPA
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Broad range of optional add-on modules for voice
quality and data tests as well as coverage and
neighborhood analysis

R&S'ROMES4N 1 7
Neighborhood analysis module for automatic
classification of neighborhood relationships into one
of the following categories
I(Potentially) missing neighbor: a cellwith high signal

strength and good quality (both thresholds can be seth
has been measured but is not contained in the currently
defined neighbors

I Unused neighbor: a cellis configured as a neighbor but
has not been detected during measurement

I Approved neighbor: a cell has been classified as a
jpotentiallyjmissing neighbor and is contained in
the neighbor list. Analysis of intra RAr handover in
the network problem analyzer (NPAI is available for
GSM, UMTS, L]E and TETRA. Inter-RAT handovers are
currently limited to GSM and UMTS, but will soon be
available for LTE as well

R&S®ROMES4N I I

NQA foi GS!\4/WCDMA/TETRA voice calls, expansion
for problem spot detection
This module enables analysis of voice calls for network
problems, which can be selected from more than 1 40 dif-
ferent problem categories, and delivers a list of the prob-
lem spots including the type and cause of problem.

R&S®ROMES4NI 5
Coverage module with display af coverage data on
a raster map
Coverage data(GSM. WCDMA. CDMA2000' lxEV-DO,
TETRA, LTE, UE-MI measured with Rohde&Schwarz
scanners is rasterized and displayed on a map using
Google Maps or OpenStreetMap(OSM). This makes it
easy to generate coverage plots and create and visualize
overshooting problems. Optimizations can be checked
using a before-and-after comparison.

Initial overview of scanner measurement content
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R&S®ROMES4N 1 8
Spectrum analysis module for automatic detection
of strong transmitters in a spectrum thought to
be empty
I Easy verification that a purchased spectrum is clear and
that no other emitter still occupies part of that band

I Fast confirmation that part of a spectrum can be used for
refa rming purposes

I Reliable observation of power scan measurements,
similar to a spectrum analyzer

I Automated and configurable(bandwidth, duration,
powers analysis from potential narrowband and wideband
interferers

I Detailed analysis by drilling down to the corresponding
measurement file

R&S'ROMES4N 1 9
BTS evaluation -- summary of [(ey BTS parameters
as acceptance criteria
To ensure a consistently high degree of network quality,
continual improvements must be made to the mobile net
work. such as updating the parameters for a mobile base
station, replacing hardware or adding new base stations.
Each time such improvements are made, the effects on
neighboring base stations as wellas the mobile network
as a whole must be documented and evaluated. The
BTS evaluation on the NPA perf orms these tasks reliably,
qu ickly and cost-effectively.

R&S®ROMES4N20
Data module for EDGE. HSPA+, LTE and LTE-!vI
data limo including problem spot detection
This module offers specific analysis of high speed data
links for achievable data rates and analysis of potential
problems as well as an IP data analyzer for analyzing

based data services are used, e.g. web browsing or email,
this module analyzes the results and shows problem spots
and their cause. A comprehensive collection of different
analyses specifically designed for LTE is available.
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R&S®ROMES4N21
Carrier aggregation analysis {downlink)
As the use of data is increasing exponentially, mobile
networks need to provide higher-speed data links to their
customers. When downlink carrier aggregation is used to
provide this capability, this module analyzes the results
and shows detailed information such as how many carriers
are assigned to a mobile phone and its downlink and up-
link throughputs. It also provides statistics IRSRP. RSRQ,
etc.I for each carrier as well for investigation purposes.

R&S'ROMES4N23
Carrier aggregation analysis(uplinl<)
As the use of data is increasing exponentially. mobile
networks need to provide higher-speed data links to their
customers. When uplink carrier aggregation is used to pro
vide this capability, this module analyzes the results and
shows detailed information such as how many carriers a
mobile phone uses in uplink as wellas the uplink through-
put and number of resource blocks used

R&S®ROMES4N22
Valle analysis
LTE is also increasingly used for voice transmission. IP-
based telephony vla VaLlE places higher demands on
network quality because users have less tolerance for
poor voice callquality, such as dropped calls, than they
do for data calls. This module automatically analyzes SIP
and layer 3 messages as well as callsetup KPls and spots
problems if there are timing issues at the SIP level.

R&S®ROMES4N30
Delta and comparative analysis of R&S'ROMES4
measurement data
This add-on module enables quick comparison of mea-
surement data, for example for visualizing the effects of
an implemented network optimization. Measurement data
from different cells, UEs or operators can also be com-
pared for benchmarking.

Display of the cells providing coverage on the map
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R&S'ROMES4N31
LTE MIME and downlink allocation analyzer
LIE MEMO analysis is perf ormed based on the condi-
tion number(CNjand rank indicator(Rljvalues mea-
sured by the scanner. If mobile device data is available
for the analysis, the efficiency per Hz or resource block
is also included in the analysis. Any inconsistencies in
the condition number, efficiency per resource block or
condition number matrix are displayed as problem spots
on the map and designated in tables.

R&S®ROM ES4N34

NB-loT analyzer
This module delivers dedicated coverage and problem spot
reporting as well as cell statistics for NB-loT analysis based
on scanner measurements.

R&S'ROMES4N35
NB-loT UE analyzer
This module delivers dedicated coverage and problem spot
reporting as well as cell statistics for NB-loT analysis based
on UE measurements.

The result analysis from the downlink allocation analyzer
lists the cellthroughput per TTland operator as well as
maximum and average cellthroughput in a table and
g raphically.

NPA analysis identifies LTE MEMO problems based on scanner and smartphone measurements
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Comprehensive set of reporting functions
If multiple drive tests are selected. the user can draw
statistical conclusions about quality in the measured areas
A comparison between various network operators in the
same area is also possible jbenchmarkingl.

Automated analysis with R&S'ROMES4NPA considerably
saves time and reduces costs. Optimizing the results no
longer requires time-consuming manual checks and andy
sis of data that may not even contain any problems.

R&S'ROMES4NPA uses sophisticated algorithms to help
users find problem causes. More in-depth analyses can
be pert ormed at any time. A large amount of measured
data can be automatically and quickly processed; reports
Ifor management and for general documentation) are
generated without requiring user interaction.

A further way to evaluate analysis results in greater detail
is to use sophisticated filter algorithms je.g. for examining
only one operator/one cell or only specific times or days of
the week). The dynamic context filter algorithm makes this
even easier and faster. For analyzing dedicated geograph-
icalareas, polygon filters can easily be drawn on the map.
The result analysis and statistics are automatically tuned to
the active filters.

Random access statistics distributed on CE level as a part of the analysis enabled by the NB-loT analyzer
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IIE neighborhood analysis: map. list of the actual, possible and unused neighbors of several cells

rb ull AndyB lb& VWdn H+)

P 14$+'gN:IdbU I P UR-dN-IdbH T= --«.« F'3 r'''''3 -

LTE handover analysis: map. KPls and detailed list

Fle l#ew AnBlyB loch \Uldaw }+eb :WB
DaU Sarge a X

t
\

BnS, S5a9, 10.

12800, 132S, 8

13a, S6B3& 6l
J

a tua.ban.3.n
0 tm.bc'n.S.n
(a teg.barn.6n
(P test.}an.7.a
(a test.)an.8n
iP test.rlu-rnn
lIE Rahdaten fi R I
laTE .D\BT "'

RQiESKo
Swdi Aftta
SQX Sein
m'n rJ

J IPA tut llu

F Nnldwu Analysis Result
tw'«uJ

©
©
©
©
©

6

q
a
©
©

P Tra(k 9npc
Lego'd: V' CatpbU (lO i00

.i-'}
K't

=£ '«-'-Turin boade]
Leb# [Goode]
sb'nt [OpuS&uB laps

Cd Dat '' u- B

\

100.0 qb Hlandover Success Rat-

No infomution can be
extracted from the
currerl selection "-'"m-"n :. I -«w ] c«.u ]. [H I r,i.d I ]H

sbAfbu02(x&D le l9 boo lo lo
U&0-. It it llm iO J

Rohde&Schwarz R&S'ROMES4 Drive Test Software 33



System
configurat
various ap
scenarios

n

H

R&S'FR4 Freerider4 backpack
The R&S'FR4 Freerider4 backpack is a compact. light-
weight backpack for walk test and drive test campaigns.
Supporting for up to 12 test mobile phones and high-per-
formance scanner measurements jincluding 5G millime-
terwave and L]E 4x4 MIMO), it is ideal for network opti-
mization. benchmarking and cellular network analysis. Its
benefits include the following

ion for
plication

Wellthought-out product design
Flexible design
The backpack can be operated from a tablet or laptop via
Wi-FI to control the measurement application running on
a built-in PC (R&S'NCM2) or an R&S'TSMA6 scanner. A
cabled LAN or USB connection is also possible via the in
tegrated LAN switch or optional USB hub. With the R&S'.
FR4 Freerider4. a complete and compact drive test system
can be temporarily installed in a rental car, significantly
reducing the setup time for measurement campaigns. The

construction is shock and vibration proof in line
with automotive standards and can be used in any vehicle
type.

R&S'FR4-CORE with mounted

mobile phones and scanner

Maximum flexibility and future readiness
Extensive test mobile support
The R&S'FR4 Freerider4 supports up to 12 test mobile
phones, which can be charged via the optional, integrated
USB hub.

Garner and technology support
The R&S'FR4 fully supports the R&S'TSMx scanner
family as well as GSM. WCDMA. CDMA2000'
lxEV-DO, WiMAX"u, LTE. NB-loT. LIE M. PowerScan RF.
CW channel power scan and 5G NR.
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For 5G NR millimeterwave. it offers a measurement
bandwidth of up to 100 MHz. LTE MIMO measurements
support up to 4x4 MIMO.

R&S®ROMES4 configurations
R&S'ROMES4 and the connected measuring equipment
jtest mobile phones, R&S'TSMx scanners, etc.I can also
be used and delivered in the following configurations on
request:
I User-specific cabling
I As a test suitcase
I As a turnkey test vehicle
I As a TETRA backpack solution based on the

R&S'MNFCORE2

Designed for the toughest environmental conditions
The system has been designed for indoor and outdoor use.
Active ventilation with silent fans allows operation in hot
climates. The coating protects the backpack against splash
water ingress in rainy conditions, and the light color of the
coating minimizes the impact of solar radiation.

R&S'FR4-BP backpack

Turnkey test vehicle
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Environmental conditions

Temperature operating temperature range 0 'C to +50'C

permissible temperature range .1 0'C to +55'C I
storage temperature range 40'C to +55'C

Damp heat +25'C/+55'C. < 95% relative humidity. cyclic
non-condensing, in line with EN 60068-2-14

Connectors I power in
1 5 x LAN 15)
I 16 x USB (optionall

Power rating

Supply voltage. DC 10 V to 19 V
tyP. 90 WPower consumption during operation equipped with R&S'NCM2;

2 R&S©TSME6. 8 UEs perf orming a rea
measuring task

Product conformity

Maximum inrush current 1 1 A at 19 V

Electromagnetic compatibility EU: in line with EMC directive 2004/108/EC applied harmonized standards:
I EN55032: 2012/EN61326-1: 2006

Ihome location. class B)
I EN 55024: 201 0
I EN 61 000-6-2: 2005/EN 61 326

jindustrial location, class B)
EN 61 01 0-1Electrical safety EU: in line with directive 2014/35/EU

USA UL61 010-1
Dimensions R&S'FR4-CORE (layer I and 2} 485 mm x 356 mm x 146 mm

j19.1 in x 14.0 in x 5.7 inl
485 mm x 356 mm x 191 mm
j19.1 in x 14.0 in x 7.5 in)

R&S'FR4-CORE plus R&S'FR4-EXTEND
player I to 31
depends on installed devicesWeight

without devices/batteries, layer I and 2 approx. 3.2 kg 17.1 lb)
approx. 4.0 kg 18.8 lb)

typical weight 7.9 kg (17.4 lb)
jl R&SaTSMA6 and 4 test mobiles}

R&S'FR4 Freerider 4 is optimized for the software applications R&S'ROMES4. SmartBenchmarker and R&S'NESTOR
installed

without devices/batteries. layer I to 3

Only one of them can be

The maximum operating temperature may be lowered by the maximum stable operating temperature of the installed UEs and devices
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System components

GSM/GPRS
EDGE

WCDMA Rel. 99

HSPA+
CDMA2000' lxEV-DO
WiMAXn.t IEEE 802.1 6e

UE
Spectrum
TETRA
NB-loT
5G

e

A list of test mobile phones supported by R&S'ROMES4 is available separately.

System requirements
Recommended:
I Intel Core i7
1 8 Gbyte RAM for Windows 7/1 0, 64 bit
1 255 Gbyte SSD
I DVD ROM drive
I USB 2.0 and LAN ports
l15" monitor with a resolution of1024 x 768 pixel
I Windows 7/1 0, 64 bit

Recommended notebook
I Dell Latitude E6540 (or newer}
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Application: TETRA
R&S'ROMES4 is the software platf orm for measurements
on the TETRA air interface. Statistics, analyses, trouble-
shooting for coverage, quality of service and handover
behavior give network operators a complete overview of
the network state and help them keep it in the best possi-
ble state.

Requirements
I R&S®TSMW scanner or R&S'TSME/R&S'TSME6

scanner or R&S'TSMA/R&S'TSlvIA6 scanner
I R&S@TSMW-1<26 TETRA option for scanner
! R&S@ROMES4
I R&SeROMES4TIW or R&S'ROMES4TI E

(scanner drivers
I R&S'ROMES4TET

The R&S'TSMW scanner. TETRA radios and other acces-
sories are controlled by R&S'ROMES4. For such tasks, the
following capabilities are indispensable:
I Mobility and speed - use in vehicles, helicopters and on

foot

I Highly accurate coverage measurements on TETRA
networks using a passive RF scanner

I Spectrum analysis for identifying interferers
I Measurement and identification of TETRA base stations
I Subsequent problem analysis - uncovers problems in
the TETRA network and analyzes them based on the test
data obtained with R&S'ROMES4

The R&SOTSME scanner. TETRA radios and other accessories controlled by R&S'ROMES4 in a backpack. The sound drivers ale ASIO compatible
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In the downlink, measurements perf ormed using the
R&S'TSMW in the D-CT and D-CTT operating modes
include the following:
1100 MHz to 1000 MHz frequency range. with parallel

measurements of all channels in a 10 MHz block
1 25 kHz channel resolution(with QPSKI
I Automatic detection of the broadcast synchronization

channel (BSCHj
iUp to 20 Hz measurement rate for carrier measurements

of up to 2 x 600 channels simultaneously(lO MHz block,
QPSK) with
Channel number and frequency
Power of each base station
MCC, MNC, TN, FN, MFN
BER before Viterbi
AACH BER
Frequency error and phase error
SNR

Delay spread
In-band spectrum
Constellation diagram
BCH demodulation. incl. decoding of neighboring cells
Measurement of co-channel interference
Channel impulse response(channel sounded

The R&S'ROMES4TET software option controls Sepura,
EADS and Motorola radios via the standardized PEI inter-
face to control calls and transfer data in order to emulate
user behavior in the network and provide additional sta-
tus information. This software option also provides layer 3
information for calculating KPls of QoS measurements,
including handover and neighborhood analysis.

The R&S'ROMES4NPA network problem analyzer
completely supports analysis of TETRA QoS using
R&S'ROMES4Nlland R&S'ROMES4N15 for coverage
and interference and R&S'ROMES4N17 for handover and
neighborhoods.

The TETRA spectrum scan displays all channels in a 10 MHz band

R&S TETRA Scn)merit
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Application: LTE
Coverage analysis with Rohde&Schwarz scanners
This essentialanalysis determines whether an LTE sig-
nal of sufficient strength is available at the test site.
R&S'ROMES4 and TopN View can be used to clearly
display the results and plot them on a map. For signal
strength. the R&S'TSMW, R&S'TSME and R&S'TSMA
scanners deliver the RSRP value or the power of the
P-SYNC/S-SYNC signals. In addition to signal strength,
the reference signal received quality(RSRQjand the sig-
nalto interference plus noise ratio(RS-SINRjfor each cell
as well as the SINR for the SYNC signals are displayed.
If one of these values is too low. this indicates interfer-
ence. intermodulation or other types of disturbance. In
this case. the R&S'TSMW/R&S'TSME/R&S'TSMA and
R&S'ROMES4 offer a more detailed cause analysis.

Requirements
I R&SeROMES4
I R&S''ROMES4SAM(Samsung drivers
I R&S''ROMES4QC (Qualcomm LTE drivers
I R&SeROMES4TI W OI '

R&S'ROMES4TIE (scanner driver)
E R&S®TSMW scanner or

R&Sa'TSME scanner or
R&S®TSMA scanner

Data throughput measurements with an LIE test
mobile phone
R&S'ROMES4 collects scanner data and measurement
data from a Qualcomm or Samsung LIE test mobile
phone. One of the most important parameters is data
throughput. If it is too low, the cause may be a low-order
modulation format such as QPSK or the use of SISO rather
than MEMO. A comparison with the scanner data permits
further conclusions about possible causes. Interference.
multipath propagation. handover failures or even weak
network coverage might be the cause of error.

TopN View shows eNodeB signals sorted by strength

Pawn jdBml SiliR jdB]

Phy. Cell ID: 2 17 350 aa9 2 10 219 133 37 348 14] 499 96 496 22
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In addition to measuring data throughput, measure-
ment data of layer I and layer 3 messages is recorded.
Qualcomm or Samsung chipset based LTE mobile phones
or data sticks display detailed information about individual
data packages so that often a quick glance is enough to
detect possible causes of error.

Interference analysis
LTE is a single frequency network(SFNI that is identified
by a reuse factor ofl. This means that neighboring cells
use the same frequency ranges. Interference is theref ore
especially frequent and must be analyzed to the greatest
possible extent to avoid capacity losses. This is a special
challenge for T&M equipment because the interference
can also affect the T&M equipment itself. The R&S'TSMW
was developed specially for this task and features an im
pressive C/I value of -20 dB. Even signals that are 20 dB
weaker than the strongest noise can be measured, making
it possible to identify interferers and reduce interference.
The R&S'TSMW can also distinguish between signals that
have the same physical cell ID but come from different
eNodeBs. It makes no difference whether the measure-
ment is performed in the FDD mode or in the TDD mode.

VoLpE measurements
LTE is also increasingly used for voice transmission. IP-
based telephony via VoLpE places higher demands on
network quality because users have less tolerance for poor
voice call quality, such as dropped calls, than they do for
data calls. In addition to the normal chipset trace data,
R&S'ROMES4 also supports output of the SIP signaling
used for VoLTE. This makes it possible to collect voice KPls
for VoLpE and identify the cause of errors.

Display of measurement data from a Qualcomm chipset based LTE data stick
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Cyclic prefix analysis
A special feature of the Rohde&Schwarz LTE drive test
solution based on the R&S'TSMW. R&S'TSME and
R&S'TSMA is the channel impulse response(CIRC mea
surement. This involves a channel measurement per-
formed over a period of time. R&S'ROMES4 displays the
multipath propagation of the signals - also referred to as
echoes -- in a power versus time diagram. As an OFDM
standard. LIE has a defined frame length and a fixed
guard interval, also referred to as a cyclic prefix. This val-
ue is necessary in order to wait for echoes in the receiver.
A cyclic prefix that is too short or an echo that is too long
can cause problems in the subsequent frames. This is re-
ferred to as intersymbol interference llSil. The effect man
ifests itself in a low SINN. R&S'ROMES4 can measure the
length of the cyclic prefix and match it against the mul-
tipath propagation. This enables the user to draw conclu
signs about how often multipath propagation disturbs the
subsequent symbol, whether a longer cyclic prefix would
be better and whether the network needs to be optimized.
e.g. by adding eNodeBsl

Demodulation of eNodeB broadcast information
The R&S'TSMW, R&S'TSME and R&S'TSMA can scan
LIE signals and demodulate broadcast signals. The broad-
cast information from previously detected eNodeBs is de-
modulated IMIB and SIBsl to learn more about the base
station. Based on this information, the user knows the
country, the network and the cell from which the received
signal originates. Neighborhood relationships (intra-RAI '
and inter-RAJA and handover thresholds are also visible.
Allthese values make it easier to classify the signals and
detect problem spots.

Subband measurements
The LTE wireless communications standard permits chan-
nel bandwidths ofl.4 MHz to 20 GHz. While the synchro
nization and broadcast information is contained within a
bandwidth of approximately IMHz in the center of the
LTE carrier. useful data is transmitted over the entire band
width. Narrowband interference outside the center of the
carrier can be detected through subband measurements
herr armed 6ti th6 [IE i6antier. Th6 SINR of the reference
signals is determined for every resource block (1 2 subcar-
riers corresponding to 180 kHz). R&S'ROMES4 graphically
displays these values in a waterfall diagram. Interferers are
visible as vertical lines in the diagram.

CIR View shows the channel impulse response (CIR) and all parts of the multipath propagation jechoesl together with

a cell's cyclic prefix
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MIMO measurements
MEMO plays an essential role in achieving high data rates
in LIE networks. Ideally, using MIM0 2x2 will double the
data rate and MIM0 4x4 willquadruple the data rate.
Whether this is possible in each specific case depends on
the characteristics of the radio channel. The characteristics
can be measured using the R&S'TSMW for MIM0 2x2 or
a set of R&S'TSM E for MIM0 2x2 and 4x4 together with
the R&S'TSMW-K30 MIMO option. The scanner receives
the eNodeB reference signals from alltransmit anten-
nas at its independent frontends. These signals are then
used to determine the transmission matrix for the radio
channel and the condition number. The condition number
describes how effectively MIMO can be used. If the condi-
tion number is low. the radio channel is suited for MEMO.
The MIMO and SINR measurements can be used to ex-
plain the data rates achieved with the test mobile phone.

Decoding UE BCH information with the R&SOTSMW UE scanner
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Ordering information
R&Se'ROMES4 drive test software
Platf orm for measurement and replay

Software replay version

Software maintenance contract and single software update
Software maintenance contract for one year
One-time sof tware update within the R&SOROMES4 generation

One-time sof tware update from the previous R&S'ROMES generation
Scanner and receiver drivers
R&S'TSMW driver
R&S'TSME6. R&S'TSME. R&SOTSMA and R&SOTSMA6 driver

R&S'TSME30DC downconverter driver
Test mobile phone/data card drivers
Qualcomm IIE/WCDMA/GSM
Qualcomm 5G NR UE
C2K Qualcomm CDMA2000' lxEV-DO

Samsung 5G New Radio Exynos
Samsung IIE/WCDMA/GSM
Qualcomm eMBMS
Qualcomm NB-loT

UE carrier aggregation, downlink
LTE carrier aggregation, uplink IOualcomm)
LTE licensed assisted access
VaLlE
Neul NB-loT
TETRA drivers(PEljfrom Sepura including L3
QualiPoc test mobile support
QualiPoc single phone support

Special measurements and options
Automatic channel detection
GSM interferen
Position estimation

KPI enhancement: generation and measurement of user-specific KPls

Handover/neighborhood analysis for 3GPP WHOA/NBA 3GPP)
Indoor

360 degree panorama measurement with R&S'HE300
Remote control of scanner measurements

Network problem analyzer (NPA)
Network problem analyzer. base package
NPA extended NQA plugin
Coverage plugin
Neighborhood analysis plugin
Spectrum analysis plugin
BTS evaluation
2G/3G/4G data plugin
Downlink carrier aggregation analysis plugin
VaLlE analysis plugin
Uplink carrier aggregation analysis plugin
Delta and comparative analysis plugin
LTE MIMO and downlink allocation analyzer

ce

R&S'ROMES4

R&S'ROMES4REP

1 1 17.6885.04

1 1 17.6885.34

R&S'ROMES4UPC
R&S'ROMES4UPS

R&S'ROMES4UPG

1 510.8140.02

1 510.81 40.03

1 51 0.81 40.04

R&S'ROMES4TIW
R&S'ROMES4TI E

R&S'ROMES4T30D

1 1 17.6885.02

1 1 17.6885.82

4901 .1 004.02

R&S'ROMES4QC

R&S'ROMES4NRQ
R&S'ROMES4C2K

R&S'ROMES4WF2
R&S'ROMES4NRS

R&S'ROMES4SAM
R&S'ROMES4EMO
R&S'ROMES4NBQ
R&S'ROMES4CA
R&S'ROMES4CAU

R&S'ROMES4LAA
R&S'ROMES4VO
R&S'ROMES4NBN
R&S'ROMES4TET

4900.5241 .02
4900.5341 .02
1 1 17.6885.06
1 522.821 1 .02
4900.5370.02
1 529.81 00.02
1 527.2034.02
4900.5258.02
1 1 17.6885.90
4900.5270.02
4900.531 2 .02
1 522.81 86.02
4900.5287.02
1 506.9930.02

R&S'ROMES4QP 49.00.5235.02

R&S'ROMES4ACD
R&S'ROMES4COI

R&S'ROMES4LOC
R&S'ROMES4KPI
R&S'ROMES4HOA
R&S'ROMES41ND

R&S'ROMES4PAN
R&S'ROMES4RCO

1 506.9869.03
1 1 17.6885.56
1 1 17.6885.32
1 1 17.6885.66
1 1 17.6885.22
1 1 17.6885.24
1 1 17.6885.78
1 506.991 7.02

R&S'ROMES4NPA
R&S'ROMES4NI I
R&S'ROMES4NI 5
R&S'ROMES4N17
R&S'ROMES4NI 8

R&S'ROMES4N19
R&S'ROMES4N20
R&S'ROMES4N21
R&S'ROMES4N22

R&S'ROMES4N23
R&S'ROMES4N30
R&S'ROMES4N31

1510

1510

1510

1510

1 1 17

1522

1510

1521

1521

4900
1510

1510

9276.02

9299.1 1

9424.02
9299.1 7
6885.74
8940.02
9299.20
5360.02

5377.02

5306.02

9299.30
9299.31



NB-loT analysis plugin

NB-loT UE analysis plugin
loT test device

Exelonix NB-loT/LIE-M Qualcomm module

R&S'ROMES4N34
R&S'ROMES4N35

4900.5206.02

4900.5264.02

R&S'TMS-R41 0 3637.0473.02

Your local Rohde&Schwarz expert willhelp you find the optimum solution for your requirements
Tb find your nearest Rohde& Schwarz representative. visit www.sales.rohde-schwarz.com

Related products
Mobile network scanners

Combination of the technology of the R&S'TSME6
multitechnology network scanner with
a high-perf ormance Intel CPU based PC
The R&S'TSMA6 scanner supports the measurements
of all supported technologies from 350 MHz to 6 GHz
simultaneously. The future-proof architecture and in-field
upgradabillty for both hardware and software allows
up to MIM0 4x4 measurements and supports 5G NR
technology requirements.

1.'

No limitation in 3GPP frequency bands up to 6 GHz

je.g. 5G NR, LIE, WCDMA. GSM, NB-loT). including a
multi-GNSS received- for uninterrupted location tracking

Integrated high-perf ormance Intel i7 CPU based PC

All bands, all technologies simultaneously,
ready for the future 5G NR standard
The R&S'TSME6 is designed for efficient drive and
walk testing with a maximum degree of freedom and
upgradability. With its ultracompact design, multiband
and multitechnology support and readiness for the future
5G NR standard, the R&S'TSME6 is a state-of-the-art T&M
instrument.

Multiband support from 350 MHz to 6 GHz
GSM. WCDMA, LIE FDD, UE TDD. CDMA2000', lxEV-DO
TETRA. WiMAX"' and spectrum analysis simultaneously in
one sca n her
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Ultra broadband RF frequency range for
downconversion {24 GHz to 30 GHz)
The R&S'TSME30DC is designed to easily upgrade the
R&S'TSMx6 scanners to measure 5G NR signals in the
millimeterwave frequency range. It perfectly extends
the latest generation mobile network scanner family and
provides all the features required for easy drive and walk
testing. It is fully controlled by the R&S'TSMx6 and the
corresponding software layers, which allows seamless,
unattended operation.

.0.

Ultra broadband RF frequency range for downconversion

124 GHz to 30 GHzl
Parallel millimeterwave and sub-6 GHz measurements

with a single scanner

Walk and drive testing with flexible connectivity
The compact R&S'TSMA autonomous mobile network
scanner offers allthe features required for drive and walk
testing. WLAN or Bluetooth ' connects the smartphones/
tablets used for data collection. The autonomous mobile
network scanner can also run comprehensive drive
test software. such as R&S'ROMES4, on its built-in i5
processor. M ultitechnology and multiband measurements
provide full flexibility.Multiband support from 350 MHz to 4.4 GHz

Parallel GSM. WCDMA, LIE FDD. LIE TDD. CDMA2000'
lxEV-DO, TETRA. WiMAX"' measurements and spectrum analysis
in one scanner

Connects to Windows PC. Android UE or tablet

All bands, all technologies, simultaneously
The extremely compact R&S'TSME offers all the features
required for mobile use. Multitechnology measurements
and multiband support provide fullflexibility and an
optimal price/perf ormance ratio for drive and walk tests.

Multiband support from 350 MHz to 4.4 GHz

Parallel measurements of up to eight technologies in one scanner
Compact. lightweight design

CDMA2000' is a registered trademark of the Telecommunications Industry Association(TIA - USA).
WiMAX Forum is a registered trademark of the WiMAX Forum. WiMAX. the WiMAX Forum logo. WiMAX Forum Certified. and the WiMAX Forum Certified logo
are trademarks of the WiMAX Forum
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Scanner for drive tests and I/Q streaming
The R&S'TSMW universal radio network analyzer is
a platf orm for optimizing all conventional wireless
communications networks. Two frontends for any
input frequency from 30 MHz to 6 GHz, preselection
and software-defined architecture offer unsurpassed
perf ormance while providing maximum flexibility.
In addition to functioning as a scanner for wireless
communications networks, the R&S'TSMW is also an
ideal digital I/Q baseband receiver.User-definable input frequency range from 30 MHz to 6 GHz

Parallel measurements in GSM. WCDMA. LIE. CDMA2000
lxEV-DO. TETRA and WiMAX'T.' networks with the
R&SOROM ES4 drive test software

Drive test scanner for CvV measurements

distance triggered CW measurements

Wideband receiver 180 MHz to 6 GHz)

Support of distance triggered CW measurements

Test mobile

Smartphone based product for optimizing
mobile networks
QualiPoc Android is based on the latest commercial
Android smartphones. It supports allmobile network
technologies used worldwide. and covers multiple protocol
layers as wellas the IP stack in realtime. QualiPoc Android
provides extensive test functions for voice, including MOS,
data, video streaming and messaging tests to assess and
reflect the real end user experience (QoS/aDEl within a
mobile network.Rich set of service tests for voice quality

data, messaging and video quality to

reflect the real end user experience
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Rohde &Schwa rz

The Rohde &Schwarz electronics group offers innovative
solutions in the following business fields: test and mea-
surement, broadcast and media. secure communications,
cybersecurity. monitoring and network testing. Founded
more than 80 years ago, the independent company which
is headquartered in Munich. Germany, has an extensive
sales and service network with locations in more than
70 countries.

www.rohde-schwarz.com

Mobile network testing
The company's broad and diverse product portf ono for
mobile network testing addresses every test scenario in
the network lifecycle - from base station installation to
network acceptance and network benchmarking, from op
timization and troubleshooting to interference hunting and
spectrum analysis, from IP application awareness to QoS

www.rohde-schwarz.com/mnt

Sustainable product design
I Environmental compatibility and eco-f ootprint
I Energy efficiency and low emissions
I Longevity and optimized total cost of ownership

Certified Quality Manage

IS0 9001
Certified EnvironmentaIManagement

ISO 14001

Regional contact
I Europe. Africa. Middle East +49 89 41 29 12345

cu stom ersu ppo rt@rohde-sch wa rz.com
I North America j1888 TEST RSA {1888 837 87 721

cu stome r. su ppo rt@rsa . rohd e-schwa rz .com
I Latin America 1 +1 41 0 91 0 79 88
customersupport.la@rohde schwarz.com

I Asia Pacific 1 +65 65 1 3 04 88
cu stomersu ppo rt.asia@roh de-schwa rz.com

I China l+86 800 810 82 28 l+86 400 650 58 96
cu stome rsuppo rt.china@rohd e-sch wa rz.co m

R&S' is a registered trademark of Rohde&Schwarz GmbH &Co. KG
Trade names are trademarks of the owners
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