| Digicel

Digicel (PNG) Limited
Section 494, Lot 1&2,
Kennedy Road, Gordons
PO Box 1618

Port Moresby

Papua New Guinea
www.digicelgroup.com

(675) 7222 2222
06 December 2019
Mr. Charles Punaha
Chief Executive Officer
National Information & Communications Technology Authority
Punaha ICT Haus
Corner of Frangipani & Croton Streets
Hohola
(PO Box 8444 Boroko 111)
National Capital District By Email & By Hand

Dear Mr._Punaha,

Consultant Paper - 2" round submissidn on Draft Rule on Telecommunications Quality of Service
Performance Monitoring

Digicel is pleased to review all the responses on the recent NICTA Public Consultation on the “Draft
Rule on Telecommunications Quality of Service Performance Monitoring”.

Please find enclosed Digicel's 2™ Submission to NICTA in response thereto.

We look forward to the next step in the consultation process. If you require any clarification or further
information p itime, please let us know.

Digicel (

.
el Henao

Head of Legal & Regulatory




DIGICEL (PNG) LIMITED

2"d Sybmission to NICTA

Consultation Paper on “Draft Rule on Telecommunications Quality of

Service Performance Monitoring”

Friday, 06'" December 2019




Contents

Executive Summary

1. Introduction

2. Comments on Submissions by Other Respondents
2.1 Bmobile

2.2 SPEEDCHECKER

3.  Summary

cOo oo v U»n Unn W




Executive Summary

Digicel welcomes this opportunity to review all the 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
commercial and business bodies as well as academic institutions and the like.

Two submissions have been reviewed:

i the SPEEDCHECKER response, and
ii. the Bmobile response.

Digicel offers the following comments.

The Bmobile response is surprisingly brief and there is in fact little technical comment or details.
Instead, bmobile appears to be primarily concerned about data confidentially, data collection
techniques, how NICTA will make 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, rural and Digicel agrees 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 this data, in turn made, is available to the public via websites and 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 where just 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, Digicel proposed the appointment of a NICTA-appointed neutral 37 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 meaningful format so that existing and potential customers can make informed decisions on their
network provider. Digicel would be more than happy to work with NICTA and 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.




1.

Introduction

Digicel welcomes this opportunity to review all the 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.

Comments on Submissions by Other Respondents

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

2.1

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

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
potential customers can make informed decisions on their network provider. Digicel would 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.

Any data 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 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
elsewhere that can be adopted for Papua New Guinea. Inits submission, Digicel provided some
guidelines based on international best practices that can form the basis of any such discussions.



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
basesi.e.:

e Urban,

e Semi-Urban, and

® Rurat.

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
they are. In Papua New Guinea, Digicel is clearly the market leader and all commentators 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. So
just how successful crowd-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 call data and voice traffic still accounts 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 well as 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 POLQA analysis as well as voice performance data such as
dropped calls, call setup failures etc.

Controlled surveys have a significant cost overhead, but the benefits can outweigh the costs
and allow operators and regulators to gain clear insights 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 well as drive routes. In this way, all networks 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.



Also attached is a product description for the 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 United Kingdom for controlled
tests is attached for NICTA’s information and consideration.

Summary

Like Bmobile and SPEEDCHECKER, Digicel agrees that all data should be collected in a way that allows
data for urban, semi urban and rural areas is collected separately. This will ensure the unique

hallenges-of providina-mebile-phone-service-in-Papua-Ney inea OrePe = ad

Digicel does 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 will be confusing to the people of Papua New Guinea, and issues with
subscribers being asked to subsidised the costs of running an app form their data bundles.

Instead, Digicel believes that a regular NICTA sponsored and organised controlled survey, perhaps
twice per year 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 way that the resulting measurements and data can be used
by the networks for network optimisation activities. The parties to the controlled test scan then agree
on how best to publish summaries of the collected data and its analysis to best give a picture of network
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* devices?. 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 1 January and 31 March 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 all four mobile networks across the UK.

What we have found

We found that just over two-thirds of the time (69%), people were connected to wifi rather than
cellular networks when using their mobile devices. When they were connected to cellular networks
(2G, 3G, 4G), 82% of the time was spent connected to 4G. This varied depending on where people
were and which mobile network they used. People in urban areas were more likely to be connected
using wifi — and in turn 4G — than those in rural areas, which can be attributed to the greater access
to wifi in offices and public spaces, and higher availability of 4G networks in urban areas.

But often a connection is not enough: the majority of mobile apps need access to data services in
order to provide full functionality. Our analysis shows that when people were connected to 4G
networks, they were able to use data services on average 98.8% of the time. This average was lower
for 3G connections, which were nearly four times more likely to fail than 4G connections.
Throughout the day the proportion of tests that failed on both 3G and 4G remained constant,
despite more people connecting to the network during peak times.

One thing that did vary significantly throughout the day was consumers’ data use. 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 wifi use was higher between 6 and 10pm when they were

more likely to be at home and have access to wifi.

1 The operating system used on iPhones (i0OS) 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.

2 Including mobile phones, tablets and other Android devices with a SIM card.




The amount of data used over wifi was much higher than on mobile technologies; only 10% of
people used more than 5GB of mobile data on average each month, compared to 47% on wifi. Just
under half of people used less than 500MB of mobile data each month.

Mobile calls remain an important means of communication for many people, with our crowdsourced

data showing that only six per cent of people did not make a call during the three-month fieldwork
period. For the 94% of panellists who did, almost a third made more than 50 calls per month.
However, calls were fairly short on average; over eighty per cent of calls were shorter than five
minutes, with the majority of these under ninety seconds, indicating that people are making
frequent but relatively short calls.
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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 call allowances are all important 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
discontinued in 018 and we have since licensed a dataset from P3, an independen
specialising in crowdsourced data collection® and international network 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.

Notes on the data included in this report

The upfront metrics in this report — network share and data service availability — are based on tests
run while the phone is connected to a network. These tests are run on the highest data network
technology at the time, as determined by the device, and recorded as either successful or
unsuccessful. We are consequently unable to state whether unsuccessful tests would have
succeeded on a lower data network technology, so 3G and 2G data service availability may be
underestimated. The metrics do not represent a measure of overall network coverage, as they only
reflect data availability when the phone is connected to a network, and because the levels of service
quality we use to measure coverage cannot be guaranteed.

All analysis is conducted at the wholesale mobile network provider (MNO) level. References to the
performance of the four MNOs (EE, 02, Three, Vodafone) may also include the performance of
panellists who are customers of mobile virtual network operators such as Tesco Mobile, GiffGaff and
Virgin Mobile.

The analysed metrics are only some of the factors that people may wish to consider when making
decisions about their mobile service. Price, handset type, quality of customer service, coverage and
contract terms are other relevant aspects that should be taken into account.

3 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.




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
Methodology and Annex 2: Statistical Methodology.




Network share

What is network share?

This metric provides an overall picture of how people are connecting to wireless networks, wherever they
are, with their Android mobile devices. More information on how this is measured is available in Annex 1:
Technical Methodology, and breakdowns of the data can be found in our interactive report.

How peop|e connect to networks 4G connection, and operators may revert consumers
to a 3G connection in weaker signal areas to provide

wifi rather than to a cellular network (2G, 3G or 4G). their network and ensure a good connection
This varied significantly by location and network experience for as many people as possible.

operator. People in urban areas were more likely
. - Average network share by network technology
than those in rural areas to be connected to wifi, o
which is probably due to greater access to wifi in ) 31% L

w0 2G
offices and public spaces. However, the majority of mib”e .36
daily wifi use is during the evenings, when people are o LS
more likely to be using it at home. Similarly, wifi e
share was higher at the weekends, when people tend
to spend more time at home, than during the week. Average mobile network share by rurality
For connections made via cellular networks only, the i
data show that people were connected to 4G 82% of 536
the time, with most of the rest spent on 3G (17% u 326G

compared to 1% on 2G*). This varied by rurality; : @ Rural W

people in urban areas were connected to 4G for 83% \
of the time as opposed to 76% for those in rural

— Average network share by mobile network

Panellists using the EE network spent the highest 67*% yodtene ‘

proportion of time connected to 4G (90%), while

those using the Three network spent less time on 4G sst Thiree QG
= mobile w

(78%) and more time connected to 3G (22%) than u36

i wifi |
those using either EE, 02 or Vodafone. This is likely to m% 0 “

be related to a combination of 4G network coverage
and network management. For many activities, such % EE
as reading the news or browsing social media, the ¥

performance of a 3G connection can be as good as a

4 Figures rounded to nearest whole percentage




Data service
availability

What is data service availability?

With mobile phones increasingly important for everyday tasks like checking emails, reading the news
and paying for groceries, people rely on being able to connect to data services wherever they are. This
metric shows the proportion of times people successfully access data services while connected to a
network. It is not a measure of coverage, but shows how well demand for data services was satisfied

when a network was available. More information on how this is measured is available in Annex 1:
Technical Methodology, and breakdowns of the data can be found in our interactive report.

Average data service availability, by technology and
rurality

When people can use data
services

99.0%

Wifi 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 identical to the 99.0% average success
rate for wifi connections.

94.8%

63.8% 71.7%

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

Average data service availability, by mobile
technology and mobile network

9% 8.6% 99.0%
— 98.9% 98.6% 97.5% %

is true of 2G connections, which represented less
than 1% of the total mobile records.

95.3% °9-2%
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.

CE
4G

EE

'
02

Three Vodafone




/ / \ Response time

What is response time?

Response time, referred to technically as latency, is a measure of how quickly a request for data is
processed and the information sent back to the user. A connection with low latency will ‘feel” more
responsive and give a better experience for certain mobile activities, such as web browsing or video
calling. Full breakdowns of the data can be found in our interactive report.

How quickly networks respond

to data req uests 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 100ms 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 Average response time {ms) by mablle wetwork ond

significant differences by rurality (62ms in rural network technology
vs. 57ms in urban areas). Looking at the data by

nation, connections in England were the most EE m ”

responsive, while those in Northern Ireland

were the least, on both 4G and 3G networks. 07 * .

4G connections were fastest on the EE network -

52

Three

and slowest on the Three network, while 3G

connections were the least responsive on the 02 ae
Vodafone

w
o

network.

W4G m3G6




Data use

How people are using data

Proportion of data traffic by time of day and
network technology

Our research shows that data use on mobile

and wifi technologies increased steadily
8.0%

through the day from around 6am. The 0o,

proportion of data used on cellular networks 6.0%
peaked between 5 and 6pm, when people >0%

4.0%
were likely to be travelling home from work, 3.0%
while the proportion of wifi use was higher 2.0%

1.0%
between 6 and 10pm When people were 0.0%
Connected at home 012 3 456 7 8 9 1011121314 1516 17 18 19 20 21 22 23

’ Time of day
Mobile =——Wifi

Average 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 Proportion of average monthly data use per
people used 5GB or more. person by network technology

As expected, given our data on the time spent ® mobile - wifi
on different networks, average data use on
wifi was much higher than on mobile 44%
technologies. People may also do their more
data-heavy mobile activities on wifi due to
their limited mobile data allowance, or lack of

30%30% 30%
information on how much data certain
activities use. The proportion of people with
monthly data use over 5GB was almost five
times higher on wifi than on mobile 150 16% 177“
technologies, while the proportion of those
using less than 500MB dropped by two-thirds 8% \ 6%}

to just 15% on wifi. 1 ‘ I 4%

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



Proportion of average monthly calls made per

person

@ 18% m1<5calls

>=5<10calls

15% \ \
‘ |13%)

m >=20< 50 calls

>= 50 to 100 calls

m >=10 < 20 calls

Voice call use

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 call during the three months
of the fieldwork period, and 96% of panellists
made or received a call.

m >= 100 calls

Proportion of calls by average call length

1%

&

# 10 < 20mins |
124% |

= under 90 seconds

90secs < 5mins

m 5< 10mins

20 < 30mins

m 30 < 60mins

Average call duration by city (mins:secs)

Liverpool 6:51
London 4:49

Leeds 4:41
Birmingham 4:14

Edinburgh 4:04
Manchester 3:41
Bristol 3:35

: '_:‘ ] f’el‘_\"" ] ]""l ( 3:1 5

The average number of outgoing calls each
month varied greatly from person to person. Of
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.

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
calls.

The average outgoing call lasted just over four
and a half minutes, with significant differences
by nation, rurality and day of week. People in
rural Scotland spent longer on calls than those in
other rural areas, while those rural Northern
Ireland had the shortest average call length
overall at 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.
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R&S®ROMES4
Drive Test Software
At a glance

MES4 drive test software, the unique
scanner and network problem analyzer (NPA) too
from Rohde & Schwarz, provides an all-in-one
solution for network analysis and optimization.

Universal software platform

R&S®ROMES4 is the universal software platform 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
all essential tasks involved in coverage measurements,
interference identification, performance 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.

Support of multiple protocols and standards
R&S*ROMES4 supports 5G NR, GSM/EDGE, WCDMA/
HSPA+, CDMA2000° 1xEV-DO Rev. A, WLAN
(IEEEB02.114, b, g, n), WIMAX™ (IEEE802.16e), LTE,
NB-loT/Cat NB1, 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
its-highly-modular structure, the platform can he expanded

Straightforward R&S“ROMESA4 drive test software user interface

EEER)
EEEEE

i

ey \....,‘Aj oo A @ D)
i
B

5761 %

ekt
%F&
is

P Traces Ooa

1

Dacennectng Smartphane...
Seccols & Dacomeczed.
g SO30 M. ...

Sze 16279374 Bptes

o ey
oot Bk Ao TS

at any time for new technologies. The test software runs
on a Windows 7/10 (64 bit) PC.

hone D $3778901 FABURLOT L.

Pate 14274 s

EoEETTTETT
an s ase
7061 S SR
ST 45800 D
ann Uy -

ALY W KDY AY -
M. W BEED M AKEY
e -

o

' BT

. lej 1*'!'—'"55! [ras

= pe_jdeany
=

ame =
4 @ ouna T M0 Dt 2
1 e ez e Dot §
557 Semmg Gatne 381 o T Pt 2
1 Irdermation | = &x
100 ML INE gt O
- Syutem dlomaten Bed 2 OO Dot 2
as Sriten triomaton Bok 3 et (3 ool
a Syvten bhormason Bo5 1011190323078
P -1 | | Symmn nfurmaton Bod 6 -wn (=2n e
- @ g POLALF - DXAIS2NE P10 =l Mskm DRODIIINN01ITIIINDN WD =l
1=, 10005 00,090 0005 25 000 [y




Combination with R&S®*TSMx scanners

When R&S*ROMES4 is combined with the R&S®TSMx
band-unlimited scanners, the measurements help typical
users (such as network operators, regulatory authorities,
service providers, chipset manufacturers and government
authorities) complete their work quickly and easily.

Key facts

1 One software for all technologies from a single source

1 Flexible software licenses that meet user requirements
reduce startup costs

1 Analysis of R&S°TSMEG and R&S®TSMAG 5G NR
scanner measurements and 5G Qualcomm and Samsung
(Exynos) based UE measurements

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

1 High-precision, fast RF test and measurement equipment
(Rohde & Schwarz scanners) delivers a large quantity of
reliable measurements and results

1 Automated analysis at the end of the measurement using
the integrated replay function or the network problem
analyzer (NPA) considerably reduces OPEX

1 Automatic identification of GSM interference
considerably reduces OPEX (up to 80% potential savings
compared to standard analysis)

1 Unique scanner for 5G NR, GSM, WCDMA, CDMA2000°
1xEV-DO, WIMAX™, LTE, NB-loT/Cat NB1 and TETRA in
all bands and decoding of broadcast information

R&S“ROMES4 running on a tablet
with an R&S“TSMAG scanner
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R&S®ROMES4
Drive Test Software
Benefits and

key features

Easy operation and high flexibility

1 Easy-to-use interface that adapts to the user's level
of knowledge

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

1 Easy system configuration with device manager and
wizards

1 Fast setup due to automatic channel detection

1 Support of numerous map data formats

1 Powerful analysis tools

> page 6

5G NR network testing

1 Analysis of R&S*TSMEG and R&S®*TSMAG scanner
measurements on 5G NR synchronization signal
blocks (SSB)

1 Analysis of 5G NR UE measurements

> page 8

Numerous application tests

R&S“ROMES4 with test devices

1 Creation of different application jobs
+ Data throughput measurement on a PC
» Innovative on-device testing with commercial
smartphones
1 Output of KPls and the most important network
parameters in a report
> page 10




Automatic handover and neighborhood analysis

1 Automatic detection of missing neighboring cells during
drive testing

1 Improvement of network coverage

> page 12

Testing of voice quality - incl. VoLTE
1 User-friendly configuration for checking voice quality
1 Complete end-to-end measurement from the
user perspective
1 Based on POLQA standard
> page 13

LTE broadcast (eMBMS) network optimization

1 R&S°ROMES4 in combination with a Rohde & Schwarz
LTE scanner and an LTE eMBMS test mobile

1 Network planning

1 Network rollout

1 Intersymbol interference detection

1 Network configuration check

Parallel spectrum measurement

1 Broadband spectrum measurement

1 Detection of broadband interferers, neighborhood
interference and uplink activities

> page 22

Location estimation of 2G/3G/LTE and NB-loT
base stations

1 Creation of a base station list during a drive test

1 Requires only scanners and GPS

> page 23

GSM interference analysis with automatic

interferer identification

1 Automatic measurement and identification of interferers
from own GSM mobile network

1 Evaluation of BCCH and TCH channels allows
full-featured analysis

1 Detection of adjacent-channel and co-channel interferers

> page 24

1 Network performance validation
> page 14

LTE downlink allocation analyzer (DLAA) and

uplink allocation analyzer (ULAA)

1 Allocation analysis of strongest eNodeB in
downlink and uplink

1 Wide range of applications

> page 16

NB-loT/Cat NB1 and LTE-M measurements

1 Combination with a Rohde & Schwarz scanner

1 Support of all operating modes defined in
NB-loT/Cat NB1

1 Simultaneous measurements of NB-loT and
other technologies

1 Layer 3 decoding

1 Combination with an NB-loT UE

1 LTE-M (Cat M1/eMTC) support

> page 18

Full overview of layer 1 and layer 3

1 Display of mobile phone activities in layer 3
1 Fast analysis of interrupted connections

> page 21

Indoor measurements

1 Stationary or moving measurements indoors without a
GPS signal

1 Combined indoor/outdoor measurements

> page 26

R&S®ROMES4NPA: analysis and evaluation of

network problems

1 Automatic detection, analysis and documentation of
trouble spots

1 Sophisticated algorithms to support users

1 Broad range of optional add-on modules for voice quality
and data tests as well as coverage and neighborhood
analysis

1 Comprehensive set of reporting functions

> page 27
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Ea Sy O p e rati 0 n a n d 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 overall volume of the modules

h I g h fl eXl b I I lty 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 Easy system configuration with device manager

level of knowledge and wizards

Featuring different user levels, R&S°ROMES4 can adapt to  Multiple wizards help users configure a test mobile

the user's level of knowledge. The different levels make it phone in order to perform application tests such as FTP

possible to adjust the displayed views and signals to what  or HTTP downloads. In just three quick steps, the user

is most important for the individual user. Experienced and is ready to start testing. The device manager integrated

novice users alike finish their work faster. in R&S*ROMES4 automatically finds and displays all
connected test mobile phones and R&S®TSMx scanner

Ready to use in no time thanks to workspaces options. With just three mouse clicks, the user can con-

and projects figure numerous application tests such as an FTP down-

Users can create a workspace in which to store all settings  load. After successfully loading the drivers, RRS° ROMES4
and loaded drivers. At the start of a new drive test, all they  automatically opens a selection of important windows that
need to do is load this workspace and the test system is display measured data. The test can then be started.

immediately ready to use.

Overview of the R&S®ROMES4 graphical user interface

Overview of
key parameters Menu and tools Mobile activity LTE scanner
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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, LTE, UMTS, CDMA2000°/
1xEV-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 channel lists
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 Maplinfo 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 effort.

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 ideal tool. The base module for displaying
ETSI key performance indicators (KPI) and 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

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

http://www.openstreetmap.org/
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

coverage test data and neighborhood relationships as well
as delta and comparative analysis. LTE MIMO measure-
ments can also be analyzed and evaluated (see page 40
for more details).

L) ACD Sestus Viemd
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5G NR network
testing

i wWith

opf ion

lcamm support:
+ 5G device (Qualcomm chipset)
XSCROMES4QC

VIESANRO.

i 5G UE Samisung supirort:

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 LTE. 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.

Another essential building 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 UEs 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.

S ("f'\f;r:i; 'l)

Measurement setup example for 5G NR

aspe sae samesse '3



Analysis of R&S®TSMEG6 and R&S®*TSMAG6 scanner
measurements on 5G NR synchronization signal
blocks (SSB)

With the R&S® TSMEB-K50 or R&S°TSMAB-K50 option,
users can measure 5G NR synchronization signal blocks
(SSB) and 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 configuration), 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 PCl and
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 all SSB 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

5G NR UE measurements

With UE specific options (R&S*ROMES4QC and
R&S®ROMES4NRQ for Qualcomm based UEs or
R&S®ROMES4SAM and R&S°ROMES4ANRS for Samsung
based UEs) users are able to perform dual-port recording
for non-standalone (NSA) mode. 5G NR UE support pro-
vides LTE information related to 5G as well as the 5G spe-
cific NR serving cell information such as NR DL ARFCN,
PCl and SSB index, L1 measurement values such as RSRP
and RSRQ, L2 PDSCH and PUSCH information, and L3
signaling together with services testing data.

scanner,

R&S“ROMES4 5G NR GUI displaying the results measured with the R&S“TSMEG scanner
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Numerous
application tests

Requirements

1 R&S*ROMES4

1 Test mohile phone

1 R&S®*ROMES4QC (Qualcomm driver) or
R&S*ROMES4SAM (Samsung driver)

1 R&S*ROMES4QP (QualiPoc driver)

SCROMESACA or R&S*ROMES4CAU (carrier
aggregation drivers for DL or UL, OQualcomm)

» R&

*ROMES4LAA (licensed assisted access,
Qualcomm, requires R&S*ROMES4ACA)

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.

Data throughput measurement on a PC

The R&S®ROMES4 data quality analyzer (DQA) makes it
possible to perform 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 just a few mouse clicks to
generate the high data loads required for LTE CA and start

i DQA Report View:1

testing. By appropriately linking parallel and 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 individual job
list: SMS, email (POP3 and IMAP), ping, UDP, FTP, HTTP
and video streaming.

10

'DQA[1] <2560[3]> |
- - h a
DQA Session Report i
1. Connect Job
Modem: Z560[3]
Total Attempts to establish the Connection: 15 No Services: 0
Successful Attempts: 13 Good DQA Sessions: 9
Success Rate: 86.7% Blocked DQA Sessions: 0
Dropped DQA Sessions: 3
Application Errors: 2
Incomplete DQA Sessions: 1
Dialup Time: Min: 3719ms Max: 124985ms Avg. 15763.31 ms
HTTP Time:  Min: -- Max: -- Avyg -~
Setup Time:  Min: 3719ms Max: 124985ms Avg: 15763.31 ms
=
g 2
il = ~
= E g Apps
ic,:] s opped 21 4%
S | F | R
Setup Time
¥ The DQA report of a drive test quickly
o =l reveals trouble spots



Innovative on-device testing with a smartphone
When used together with a suitable QualiPoc Android
phone, the R&S® ROMES4QP smartphone option sends all
of the messages and analyses directly to the smartphone.
This ensures an almost exact simulation of user behav-
ior. R&S’ROMES4 GUI makes configuration easy and
convenient. Up to six wired devices can be controlled in
parallel. Depending on the device, voice quality analyses
and VoLTE measurements can be performed 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, FTP, HTTP, HTTP capacity test,
Call2AnyNumber, double-ended voice quality, MOC DL
voice quality, network performance tests and application
testing such as YouTube, Ookla, Facebook or WhatsApp.

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.

Innovative on-device testing with commercial
smartphones

Today's applications often call for 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
precommercial Android smartphones. Users can test data
throughput directly on the device without the limitations
imposed by a USB connection. For example, tests can be
performed on precommercial devices during initial testing
of new features (e.g. higher-order carrier aggregation ",
licensed-assisted access (LAA) and MIMO 4x4) in the

lab or field. The RRS® ROMES4 data quality analyzer sup-
ports on-device testing in both ADB mode for FTP, HTTP
and capacity tests and QualiPoc unrooted mode, where
R&S“ROMES4 executes a QualiPoc installation on the
connected commercial smartphone, delivering DQA tests
(Wi-Fi, VOLTE, ping, messaging and POLQA call tests) in
addition to those provided in ADB mode.

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

Automatic real-time analysis generates multiple reports
containing key benchmark data. ETSI KPls are calculated
automatically.

" 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 11



Automatic handover
and neighborhood
analysis

Requirements

1 R&S*ROMES4

1 R&S*ROMES4HOA

1 R&S*ROMES4ATTW or
R&S*ROMESATIE

I R&STSMW, R&STSME or R&S*TSMA scanner

1 R&S®TSMx GSM/UMTS scanner

1 Test mobile phone

1 R&SPROMES4QC (Qualcomm driver) or
R&S*ROMES4SANM (Samsung driver)

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 LTE) or system informa-
tion 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.

Improvement of network coverage

Unlike test mobile phones, the R&S®TSMx scanners see
all signals. These signals can be allocated to the relevant
neighboring cells. RRS®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

Detecting a missing neighborhood at a glance

&% UMTS Neighbourhood Analyser:1

Apply Fiter Fsmul?wlﬁacmf?zcm|l“nsm> 10 ml_Dual:aulm s [T #ofsampes>|s

may originate during the setup of a network and, in the
worst case, can terminate a call.

The SIB analyzer integrated in RRS°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
LTE, this functionality is included in the RRS* ROMES4NPA
network problem analyzer (see page 27).

| Probiem Hodef{Best Server] |Type | rime | petance | samples 5]
i 00:11:50,699 s\l - - -
B8 rowasal, SC:415 (SIBL1 Msmatdh) SB11
18 00:12:14,693 sBn. - - -
[E1%e MXUASOL, SC:415 [BS: MXUS 14, SC:275, Dist:2.38km] 0s(PL:0s,M¥:0s) 0.0m(PI: 0.0m, MN:0.0m PI: 1(100.0%), MN: 0 (0.0%), Total: 1 J
% 02:12:16,113 P2 00s 0om 1
B Mws14, SC:275 [S1811 Msmatch] SIBI1
8 00:13:05,264 sB1L
I8 MxUS14A, 5C:163 [SIBL1 Mamatdh] sB11
B 00:13:37,185 sBi1
B MUSI4E, SC:163 [SIB11 Msmatch] SB11
18 00:14:95,659 s\B11
EIE8 0UA42A, SC:448 [SB11 Msmatdh) SiB11
i® 00:15:00,528 sB1L
B8 MUAsE, SC:448 [SB11 Mamatch] SI511
410

RFON 53, BCC 4, NCC: 6: 875 found #
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Testing of voice
quality — incl. VoLTE

Requirements

I R&S*ROMES4

1 R&S*ROMES4QP

1 QualiPoc Android QA test mobile phone

t R&STROMES4QC (Qualcomm driver)

1 R&S*ROMES4SAM {Samsung driver)

i Optional: R&S*ROMES4VO (VoLTE driver)

User-friendly configuration for checking

voice quality

Mobile networks face increasingly high quality demands.
For testing voice quality, R&S® ROMES4 offers an innova-

Complete end-to-end measurement from the

user perspective

The measurements can be performed 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.

Based on POLQA 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 QA
connected to R&S®ROMES4 evaluates this received signal.
For the uplink, the R&RS° ROMES4 test system replays a
voice signal and the server uses a POLQA algorithm to
evaluate it.

tive, full-featured, end-to-end solution that exactly simu-
lates user behavior.

The test mobile phone is connected to the R&S°ROMES4
via USB and configured using a job list. A POLQA algo-
rithm (ITU-T P.863) 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
signal and the reference signal, the poorer the voice
quality. This is indicated by the usual mean opinion score
(MOS) and can lie between 1 (poor) and 5 (very good).

Voice quality measurement (MOS) with a Samsung Galaxy S5

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.

= _ _ S— e —— __
7 ETSI QoS View1 =8 o
| SN S:sung Galaxy S4 (GT-19S0SX(SMPI2]
ETSTP Liss
NA-CS: 98.73% SA-T: 100.00% CCR-CS-T: 100.00%
o System Response Time [s] o). Call Setup Time [s]
E 104 I I
| |
= ] @ = 2 b1 o [] < e = o a4 k3 °? 2 = ® < 2
-
Seq Start End Result MOS Tx S-RT[s] C-ST[s) Cl(Start) CI{End) MCC MNC.. Mede Type i :
o 111 10:50:41,945 10:52:18,161 Good 397/3564 -153 dBm 445 26859 - 262 3 UMTS Smartphone (MOC) 1
o 112 10:52:42,047 10:54:18 423 Good 380/3.77 -268 dBm - 529 20482 38915 262 3 LTE->UMTS Smartphone (MOC)
e 13 10:54:42,021 10:56:18,213 Good 3507373 -238 dBm - 530 18279 38915 262 3 LTE->UMTS Smartphone (MOC)
e 114 10:56:42,019 10:58:18,144 Good 385/385 -29.2 dBm 515 4209 49665 262 3 LTE->UMTS Smartphone (MOC) |
e 115 10:58:41,981 11:00:18,216 Good 4047392 -9.8 dBm 452 23179 - 262 3 umMTsS Smartphone (MOC) |
e 116 11:00:42,005 11:02:18,256 Good 3817364 -89 dBm 535 65281 65281 262 3 LTE->UMTS Smartphone (MOC) =
o 117 11:02:42,015 11:04:18,141 Good 3977342 39.0 dBm - 456 33439 51539 262 3 UMTS->GSM Smartphone (MOC) {
a 118 11:04:42 009 11:06:18,258 Good 417/326 GSM - 6.05 27000 27000 262 3 GSM Smartphone (MOC)
e 119 11:06:42,017 11:08:18 486 Good 343367 330dBm 452 28579 33879 262 3 UMTS->GSM  Smartphone (MOC)
e 120 11:08:42,026 11:10:18,.323 Good 395/394 33.0dBm - 4.58 44229 - 262 3 UMTS Smartphone (MOC)
(=] 121 11:10:41,999 11:12:18 227 Good 399/382 -5.6 dBm - 457 50239 262 3 UMTS Smartphone (MOQ)
e 122 11:12:41,998 11:14:18 217 Good 382/395 81 dBm 464 28599 262 3 UMTS Smartphone (MOC)
[~ ] 123 11:14:42,022 11:16:18 241 Good 392/39 -9.6 dBm - 439 25569 262 3 UMTS Smartphone (MOC)
e 124 11:16:42,031 11:18:18,266 Good 390/3590 -30.7 dBm - 477 61889 252 3 UMTS Smartphone (MOC)
(] 125 11:18:41,947 11:20:18,225 Good 3807372 -76 dBm 467 46079 262 3 UMTS Smartphone (MOC) -
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LTE broadcast

(eMBMS) network

optimization

Requirements

R&S*ROMES4

R&S*ROMESATIW or

R&S*ROMESATTE

R&S*TSMW scanner with
R&S“TSMW-K29 and R&S*TSMW-K32 or
R&STSME scanner with
SME-K29 and BR&S®TSME-
TSMA scanner with
RRSCTSMA-K29 and BRSCTSMA-IKI2

-~
o
N
o

GEX:
| S

R&S®ROMES4 in combination with a
Rohde & Schwarz LTE scanner and an LTE eMBMS
test mobile

LTE broadcast, using the evolved multimedia broadcast
multicast service (eMBMS) feature 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.

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-performance broadcast services. The broadcast
network consists of a virtual single frequency network
(SFN) inside the LTE network, where a set of eNodeBs that
are part of the same broadcast area transmit the same
downlink signal at the same time. This requires accurate

Optional for test mabile support:
tS*ROMES4QC and R&S®ROMESAENMO
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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
interference.

R&S®ROMES4 in combination with an LTE 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.

Typical measurement setup with R&S“ROMES4,
R&S“TSMA and an eMBMS smartphone




Network planning Network configuration check

With the scanner, the LTE network can be baselined in The scanner decodes the SIB2 and SIB13 broadcast mes-
the planning phase, and the network synchronization can sages that include information on the eMBMS configura-
be checked against GPS. This allows the network planner tion in the network, such as MBSFN subframe configura-

to predict potential areas of intersymbol interference and tion from SIB2 and MCCH configuration per MBSFN area
allows planning of the MBSFN area IDs, similar to PCI from SIB13. Engineers can check that the network is con-
planning in an LTE unicast network. figured correctly in the field.

Network rollout Network performance validation

During the network rollout and tuning of the broadcast While the scanner allows optimization of the RF environ-

network, the scanner can measure the power (RSRP) and ment, it is also crucial to validate the network performance
quality (SINR) of each MBSFN area. The engineer can then  with a test mobile. RRS® ROMES4 supports eMBMS test
check the validity of the network planning by comparing it  mobiles with a Qualcomm chipset, so the engineer can

to the results from the field. test the connection to the eMBMS network, view layer 3
and flute messages, capture the IP trace and analyze prob-

Intersymbol interference detection lems in the broadcast network. While testing eMBMS, it

The scanner can also be used to detect intersymbol inter- is important to continue testing the unicast services (data

ference. Due to the impulse response measurement and VoLTE) to ensure that service quality stays at a high

per PCl, it can also detect which eNodeB is causing this level when introducing the eMBMS feature.

interference, allowing the engineer to take corrective

measures.

R&S“ROMES4 eMBMS scanner view with intersymbol interference analysis

1P LTE Scarner eMBMS Viewsd =R o]
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P D Namo Power [dBm) SUR [B]  WEBRSKP [d... WBSINR (8]
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LTE downlink
allocation
analyzer (DLAA) and

uplink allocation
analyzer (ULAA)

Requirements
1 R&SE*ROMES4
i R&S°ROMESATTW or
R&S*ROMESAT1E
i For DLAA
+ R&S®TSMW scanner with
R&SETSMW-K29 and R&S®TSMW-K31 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-IK31
1 For ULAA
+ R&S®TSMW scanner with
R&STTSMW-K29 and R&S®
R&S*TSME scanner with
R&STSME-K29 and R&S*TSME-K33 or
R&S®*TSMA scanner with
R&S®TSMA-K29 and R&S*TSME-K33
1 Optional: R&S*TSMW-K27/R&S*TSME-K27/
B&S®TSMA-K27 RE power scan

TSMW-K33 or

efodeB ID: 20646/11 PCL: 228

B Wand (MCC:222,MNC:88) @ 6200 (796.0008Hz)
etiodeB ID: 122132/7 PCL: 205

6 Telecom Itata Moble (TIM) (MCC:222,MNC:1) @ 6300 (806.000MHz)
ehiodeB ID: 500215/8 PCL: 442

2%

eflodeB D; 500128/2 PCE 416

6 Vodafone Omnzel N.V. (MCC:222,MNC:10) @ 1850 (1870.000MHz)
efiodeB ID; 29253/31 PCE: 54

B H3G (MOC:222, MNC:99) @ 1325 (1817.500MKz)
etiodsB ID: 21484/1 PCI: 268
eNodeB ID: 21762/2 PCE: 157

B Telecom Itala Moble (TIM) (MCC:222,MNC:1) @ 1500 (1835.000MHz)
efodeB ID: 500076/3 PCL: 89

Sched. TP [kBivs]

I

ST

== RB U:age [%]

= Avg MCS

S By o oo Es
odeB T
B Vodafone Omntel N.V. (MCC:222,MNC:10) @ 6400 (816.000MHz)

eliodeB ID: 29095/12 PCE: 313 %

o o il -
2 2 g 3
= 5 % s
& 2 H g H S
z g 8
RNTI
= Sched TRREH]

Fast overview of resource block allocation, average MCS and target throughput of various RNTIs
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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, RRS°ROMES4 offers a unique feature

that allows analysis of the downlink and uplink allocations

(up to Release 12) of the strongest eNodeB during mea-

surements. The following information is included:

1 Number of RNTIs (UEs) scheduled by the eNodeB for
data reception

1 Modulation and coding scheme (MCS) and throughput
for each detected UE

1 Cell allocation

Information is provided per TTl 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
counters

Wide 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 before renewing the lease with the
network operator.

DLAA: RNTI allocation overview

Allocations are shown
for the selected PCI
or for the PCl to

eNode8 ID: 103602/0 PCI: 103

hich th UEi _RAS LTE Scanner...| = —
whic e tESt 1S Folow LE: Sammung Gélaxy S I (GT-13305)({2] b
connected eNode 8 &
B LTE Channel 4 @ 1300 (1815.000MH2) 2
eNodz8 ID: 103602/0 PCI: 103
L‘st Of eNOdeBS etlodes 1D: /- PCI: 104
elodeB ID: /- PCL: 102
UE/RNTI (99) RB Usage [%] Tle I
| 32.56
List of RNTls; ~ =—————samsung Gty 5 10 14.69
connected test UE = :5‘2;; gzg
is highlighted s o5
47521 on |
35389 0.a1
13817 0.07
49935 0.04
41249 0.04
32562 0.04
1258 0.04
5265 0.00
30014 0.00
16573 2.00
19709 0.00 |
50600 0.60
62011 0.00 E
7886 0.00 .
triih ad

™y 3

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

Color: allocation per RNTI;
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 NB1
and LTE-M
measurements

Requirements

i R&S*ROMES4

1 R&S°ROMESATTW or
R&S“ROMESAT1E

1 R&S®TSMW scanner with
R&S*TSMW-K29 and
R&S®TSMW-K34/R&S®TSMW-K35 or
R&S*TSME scanner with
R&S®TSME-K29 and
BRSETSME-KIA/RESETSME-K35 or

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 NB1 and LTE-M are 3GPP standards for connecting a
huge number of things such as smart meters to the inter-
net (loT).

While traditional LTE standards are mainly aimed at
increasing throughput and network capacity, NB-loT/
Cat NB1 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 (CINR)
measurements for each available physical cell ID.

R&S®TSMA scanner with
R&S°TSMA-K29 and
R&SCTSMA-K34/R&S®TSME-K35
1 R&S®*ROMES4QC and R&S®ROMES4ANBQ for
Qualcomm NB-loT support
1 RRS"ROMES4NREBN for Neul NB-loT UE support
I R&S*ROMES4QC for Qualcomm LTE-M support

NB-loT scanner TopN view.

PCI, power and carrier to
interference and noise ratio
(CINR) based on S-SYNC

Frame structure type, cyclic
prefix information and NB-loT
carrier center frequency

Power, quality, CINR and RSSI based on
reference signal measurements for both
eNodeB antenna ports (TX0, TX1)
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Support of all operating modes defined in
NB-loT/Cat NB1

The NB-loT/Cat NB1 standard defines three operating
modes to integrate NB-loT carriers efficiently into the
available spectrum. R&S°ROMES4 supports all three
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 LTE PRB. The other
operating modes — guard-band and standalone — allow

NB-loT deployments independently of the LTE spectrum.

MNBoT scanner Tonhl sianals
. =

Simultaneous measurements of NB-loT and
other technologies

NB-loT measurements can be performed simultaneously
with measurements for other technologies such as
GSM, LTE or (W)CDMA. During network optimization or
troubleshooting, the impact of the NB-loT spectrum on
adjacent GSM/LTE/(W)CDMA spectra and vice versa can
be validated.

NB-loT UE overview view

s, NBloT Scan
s R&S NB loT Scanner (TSME)[1]
TopN <Aulo>@3747[1)
e TopN <Auto>@3747(1] Number of Members[1]
€ 1. TopN <Auto>@3747[1] TopN Element
1. TopN <Auto>@3747[1] TopX(1]
. TopN <Auto>@3747(1] TopN Decision NSSS Power[1]
. TopN <Auto> @3747(1] TopN Decision NSSS CINR(1]
. TopN <Auto>@3747[1] TopN Decision NRSSI[1]
. TopN <Auto> @3747(1] PCI[1]
. TopN <Auto> @3747(1] NRSSI[1]
. Topl <Auto>@3747(1] NSSS CINR[1)
. TopN <Auto>@3747[1] NSSS Power(1]
TopN <Auto>@3747[1] Center Frequency(1)
TopN <Auto> @3747[1] NRSRP (Tx0) [1]
TopM <Auto>@3747[1] MNRSRQ (T=0) (1)[0]
TopN <Auto>@3747[1) NRS CINR (Tx0) (1){0]
. TopN <Auto> @3747(1]1 NRS RSS! (Tx0) (1)(0)
. TopN <Auto>@3747[1] NRSRP (Tx1) [1]
. TopN <Auto>@3747[1] NRSRQ (Tx1) (1)[0)
. TopN <Auto>@3747[1] NRS CINR (Tx1) (1){0]
. TopN <Auto>@3747[1] NRS RSS! (Tx1) (1)[0]
. TopN <Auto>@3747(1] Frame Stiuct. Type[1]
. TopN <Auto> @3747[1] Cyclic Prefix[1]
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Layer 3 decoding

The NB-loT scanner supports layer 3 BCH demodulation
(MIB/SIB1). Layer 3 BCH data offers deep network con-
figuration insight and helps optimize troubleshooting. De-
modulation is performed on the fly during standard NB-loT
synchronization and reference signal measurements.

BCH/broadcast messages include master information
block (MIB) and system information block (SIB) messages.
They are demodulated for each cell/PCl and 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 performance and service quality measurements
in NB-loT/Cat NB1 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 (UL) channel performance) and the
random access channel (RACH) procedure.

LTE-M (Cat M1/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. LTE-M is
standardized for the LTE in-band mode only. By performing
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
LTE-M data transmission. In combination with an LTE-M
device, R&S°ROMES4 can deliver traditional UE based
mobile network measurements (UL/DL RF conditions,

UE state, operator information, serving cell information,
RACH procedure). LTE-M specific measurements sup-
ported by R&S°*ROMES4 include, for example, decoding
eDRX, power save mode and coverage enhancement (CE)
mode parameters.

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

20

NB-loT measurements with R&S“ROMES4
and the R&S*TSMA autonomous mobile network
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Full overview of
layer 1 and layer 3

Parallel jobs are configured with simple graphics

Requirements

1 R&S°ROMES4

1 Test mobile phone

1 R&S°ROMESAGSIVI (GSM driver) or
R&S*ROMES4QC (Qualcomm driver) or
R&S®ROMES4SANM (Samsung driver) or
R&S*ROMES4QP (QualiPoc driver) or
R&S*ROMESATET (Sepura TETRA driver)

Display of mobile phone activities in layer 3
The basic functionality of R&S*ROMES4 in combination

e 0 @) Wwith the drivers for test mobile phones provides a large
BdH +0 89 aA3@E O amount of information from layers 1 and 3. Users can see
o = the radio conditions (GSM or WCDMA, channel, voice
X codec, etc.) for phone calls at a glance.
x
If measurements are also taken by a scanner, the scanner's
f measured data is displayed in the same window, allowing
* ” “p ; “||__a direct comparison.
e i J
Voo Srreeing Layer 3 View displays all the messages, sorted by up-
Fam— link and downlink. Each message is decoded and can be
opened if necessary.
Fast analysis of interrupted connections
v In addition to protocol messages, interrupted/blocked and
- n c“: successful connections are also displayed. When jumping
to a trouble spot, all views will show measurements taken

Layer 3 protocol messages for uplink and downlink
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at this point in time. This makes it considerably easier to
find the cause of a problem.

In addition, a filter function in Layer 3 View enables users
to evaluate only specific messages.

Overview of all important network parameters

® UMTS/GSM Overview View:1

,;
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MNC 2 ==
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350 | —— R 8§ 00
o 100
-0 200
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Parallel spectrum
measurement

Requirements

1 R&S*ROMES4

1 R&S®*ROMES4ATIW or
R&S*ROMESATI1E

R&S®*TSIMIx scanner with
R&S®TSMU-K17 RF power scan
R&S®TSMx scanner with
R&S®TSMW-K27 RF power scan
R&S*TSME scanner with
R&SPTSME-K27 RF power scan
R&S*TSMA scanner with
R&S®TSMA-IK27 RF power scan

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.

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.
All the 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 signal faster.

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-
mits very fast spectrum measurements without the usual

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
perform a spectrum scan. The user can select up to

32 frequency ranges from 80 MHz to 3 GHz (R&S°TSMW.
30 MHz to 6 GHz; R&S°TSME/R&S*TSMA: 350 MHz

to 4.4 GHz). 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.

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.

A special threshold 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.

Spectrum measurement

** RF Power Scan Specirum View:1

Povier dBm
8

Svaep 1 2:GSM 300 UL 3: GSM 300 DL 4

| Five user-selectable frequency ranges for
spectrum measurements

5: UMTS 2100

e swmitad (Ve

Markerl: disabled HarkerZ: dissbled Harker3: disabled
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Location estimation
of 2G/3G/LTE

and NB-loT

base stations

Requirements

1 R&S®ROMES4

i R&S“ROMES4LOC

1 R&S®*ROMESAT1W or

) R&S*ROMESATIE

1 R&S®TSMW scanner ar
R&S®TSME scanner or

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,
CDMAZ2000° 1xEV-DO, LTE and NB-loT base stations in
parallel.

Requires only scanners and GPS

For the calculation algorithm, all that 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.

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

R&S®TSMA scanner

L% Raute Track:|

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
(approx. 200 m) that is also exported. Base stations can be
filtered based on the accuracy of location estimation.

Results of the measured geographic position of
base stations using the R&S“ROMES4 software
and the R&S*ROMESALOC driver
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GSM interference
analysis with
automatic interferer
Identification

Requirements

1 R&S®ROMES4

1 R&S*ROMES4COI

t R&S®ROMES4ATTIW or
R&S*ROMESATTE

1 R&S®TSMx GSM scanner

1 Test mobile nhone

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.

The evaluation is performed in three steps:

1 Automatic detection of an interference situation (type,
length, location)

1 Automatic analysis of the detected interference (test on
BCCH and TCH)

1 Classification of the actual interferers on the basis of the
individual interference situation and pinpointing of the
interferers on the street map (interfering base station
with channel indication: BCCH, TCH, adjacent channel)

1 R&S®ROMES4QC (Qualcomm driver) ar
R&S*ROMES4SAM (Samsung driver)

GSM interference analysis with automatic interferer identification — map display.

The map shows the position of the interference (crosshairs), the cell currently providing coverage (S) and the four interfering

cells (11, 12, I3 and 14). The markings N1 to N6 show the current neighboring cells. The color of the route indicates the received

signal strength of the GSM maobile phone.

T —~— g,
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To optimize interference analysis, more than just selectable
trigger thresholds (e.g. RxLevFull, RxLevSub, RxQualFull,
RxQualSub, FER) are used. Some of the test mobile
phones supported by R&S*ROMES4 also provide a C/l
value for the traffic channels being used (TCH). Because
the SIM connection only allows the test mobile phone

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 Slot), making it possible to identify not
only interfering BCCH channels but also TCH interferers.

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.

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 all selected RF channels (BCCH)
and demodulate the BCH information. As a result, all the
data from the BTS transmitting the signals is available. This
is especially relevant when performing measurements in
the vicinity of national borders (faulty frequency allocation,
roaming, etc.).

GSM interference analysis with automatic interferer identification — detailed display.

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

map was 17.7 siin 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
(green) as well as the measurement of the interferers (red). The list shows the individual interferers 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
measurements

Requirements

1 R&S*ROMES4

1 R&S*ROMES4IND

1 Test mohile phone and/or scanner

1 R&S®*ROMES40C (Qualcomm driver) or
R&S*ROMESASAIVI (Samsung driver) or
or R&S*ROMESATET (TETRA driver)

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, RAS°ROMES4 offers an alternative to con-
ventional navigation display (GPS data on a map).

Combined indoor/outdoor measurements

The R&S°ROMESAIND 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

Display of a floor plan in hot spot mode

ROMES - Indoor Baul2 EG.rexks - Recording 0:\OATEN\Hy ROHES\HeasDataUindoor Lrscmd [Expert] - [ROMTSHAP Raute Track View]
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Fuleeft - Nk €T v e E1CED
Top Moo Leyer

DX HALASLrORT/08E

ftoorsasmuttiptetayersomthe map—The-wide-support

of georeferenced and non-georeferenced map formats
(tab, jpg, tif, bmp, png) 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.
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R &S@ R O M ES 4 N PA ] Automatic detection, analysis and documentation
o of trouble spots

. The sheer volume of recorded data makes individual and
a n a | S I S a n d manual analysis impossible. The data (from R&S°ROMES4
y or QP files, after conversion in the latter case) is therefore
. automatically analyzed by the R&S®*ROMESANPA net-
I -t f work problem analyzer, which outputs a list of all detected
eva u a I 0 n 0 trouble spots and displays them on a map using Google
Maps, OpenStreetMap (OSM) or user-defined maps.

n etWO rl( p rO b I e m S SjjsgeRghfhisngﬁ:fO provides information about the

Sophisticated algorithms to support users

Requirements The easy-to-use interface guides the user through the

i R&S®*ROMESANPA process, from reading in the measured data (from one
(included in R&S*ROMES4 or as standalone) or more drive tests) and selecting the analysis criteria to

1 R&S°ROMESANT1 retrieving the automatically generated list of trouble spots.

1 R&S*ROMES4N15

1 R&S®ROMES4ANTY Right-clicking a problem automatically opens

1 R&S*ROMESAN1S __R&S®*ROMES4 and positions the replay of the measure-

i R&S*ROMES4N19 ment file just ahead of the trouble spot in question so that

1 R&S ROMESANZ0 the user can perform a detailed check if required. The

i R&S®ROMESAN21 result is displayed in HTML in a clear report that can be

1 R&S®ROMESANZ22 printed. An export to Excel allows easy data processing.

t R&STROMES4N23

1 R&S*ROMESAN30 The measurement data is analyzed according to specific

t R&S®ROMESAN31 criteria that depend on the modules selected. In all mod-

i R&S*ROMES4AN34 ules, the analysis criteria can be adapted to user-specific

limit values and settings.

The R&S°ROMES4NPA base package includes the

following modules:

1 NQA (network quality analyzer) for voice calls, base
module including KPIs

1 DQA (data quality analyzer) for PS data connections,

base module including KPIs
Start screen of R&S*ROMESANPA
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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®*ROMES4N11

NQA for GSMAVCDMAJTETRA veice calls, expansion
far prohlem spot detection

This module enables analysis of voice calls for network
problems, which can be selected from more than 140 dif-
ferent problem categories, and delivers a list of the prob-
lem spots including the type and cause of problem.

R&S®ROMES4N15

Coverage module with display of coverage data on
a raster map

Coverage data (GSM, WCDMA, CDMA2000° 1xEV-DO,
TETRA, LTE, LTE-M) 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

R&S®ROMES4N17

Neighborhood analysis module for automatic

classification of neighborhood relationships into one

of the following categories

1 (Potentially) missing neighbor: a cell with high signal
strength and good quality (both thresholds can be set)
has been measured but is not contained in the currently
defined neighbors

1 Unused neighbor: a cell is configured as a neighbor but
has not been detected during measurement

1 Approved neighbor: a cell has been classified as a
(potentially) missing neighbor and is contained in
the neighbor list. Analysis of intra-RAT handover in
the network problem analyzer (NPA) is available for
GSM, UMTS, LTE and TETRA. Inter-RAT handovers are
currently limited to GSM and UMTS, but will soon be
available for LTE as well.

overshooting problems. Optimizations can be checked
using a before-and-after comparison.

Initial overview of scanner measurement content
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R&S®ROMES4N18

Spectrum analysis module for automatic detection

of strong transmitiers in a spectrum thought to

be empty

1 Easy verification that a purchased spectrum is clear and
that no other emitter still occupies part of that band

1 Fast confirmation that part of a spectrum can be used for
refarming purposes

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

1 Automated and configurable (bandwidth, duration,
power) analysis from potential narrowband and wideband
interferers

1 Detailed analysis by drilling down to the corresponding
measurement file

R&S®ROMES4N19

BTS evaluation — summary of key 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 well as the mobile network
as a whole must be documented and evaluated. The

BTS evaluation on the NPA performs these tasks reliably,
quickly and cost-effectively.

R&S®ROMES4N20

Data module for ERDGE, HSPA+, LTE and LTE-M
data links 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
|P-based data traffic and associated problems. When |P-

Display of all neighbors of a cell
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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 (RSRP, RSRQ,
etc.) for each carrier as well for investigation purposes.

R&S®ROMES4N22

VoLTE analysis

LTE is also increasingly used for voice transmission. IP-
based telephony via VoLTE 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. This module automatically analyzes SIP
and layer 3 messages as well as call setup KPIs and spots
problems if there are timing issues at the SIP level.

R&S°ROMES4N23

Carrier aggregation analysis (uplink)

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 well as the uplink through-
put and number of resource blocks used.

R&S*ROMES4N30

Delta and comparative analysis of R&RS*ROMESA4
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 R&S*ROMES4N34

LTE MIMO and downlink allocation analyzer NB-loT analyzer

LTE MIMOQ analysis is performed based on the condi- This module delivers dedicated coverage and problem spot
tion number (CN) and rank indicator (RI) values mea- reporting as well as cell statistics for NB-loT analysis based
sured by the scanner. If mobile device data is available on scanner measurements.

for the analysis, the efficiency per Hz or resource block

is also included in the analysis. Any inconsistencies in R&S®ROMES4N35

the condition number, efficiency per resource block or NB-loT UE analyzer

condition number matrix are displayed as problem spots This module delivers dedicated coverage and problem spot
on the map and designated in tables. reporting as well as cell statistics for NB-loT analysis based

on UE measurements.
The result analysis from the downlink allocation analyzer
lists the cell throughput per TTl and operator as well as
maximum and average cell throughput in a table and
graphically.

NPA analysis identifies LTE MIMO 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 (benchmarking).

A further way to evaluate analysis results in greater detail
is to use sophisticated filter algorithms (e.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-
ical areas, polygon filters can easily be drawn on the map.
The result analysis and statistics are automatically tuned to
the active filters.

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

R&S*ROMES4ANPA uses sophisticated algorithms to help
users find problem causes. More in-depth analyses can
be performed at any time. A large amount of measured
data can be automatically and quickly processed; reports
(for management and for general documentation) are
generated without requiring user interaction.

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

various application
scenarios
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R&S“FR4-CORE with mounted

mobile phones and scanner

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 (including 5G millime-
terwave and LTE 4x4 MIMO), it is ideal for network opti-
mization, benchmarking and cellular network analysis. Its
benefits include the following:

Well thought-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*TSMAG 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
sturdy construction is shock and vibration proof in line

with automotive standards and can be used in any vehicle
type.

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.

Scanner and technology support

The R&S®FR4 fully supports the R&S®TSMx scanner
family as well as GSM, WCDMA, CDMA2000°,
1XEV-DO, WIMAX™  LTE, NB-loT, LTE-M, PowerScan RF,
CW channel power scan and 5G NR.

User-specific cabling




For 5G NR millimeterwave, it offers a measurement R&S®ROMES4 configurations
bandwidth of up to 100 MHz. LTE MIMO measurements R&S®ROMES4 and the connected measuring equipment

support up to 4x4 MIMO. (test mobile phones, R&S®TSMx scanners, etc.) can also
be used and delivered in the following configurations on
esigned for the toughest environmental conditions request:
The system has been designed for indoor and outdoor use. 1 User-specific cabling
Active ventilation with silent fans allows operation in hot 1 As a test suitcase

climates. The coating protects the backpack against splash 1 As a turnkey test vehicle
water ingress in rainy conditions, and the light color of the 1 As a TETRA backpack solution based on the
coating minimizes the impact of solar radiation. R&S®MNT-CORE2

R&S“FR4-BP backpack

Turnkey test vehicle
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R&S®FR4 Freerider 4 specifications in brief

Environmental conditions

Temperature

Damp heat

Connectors

Power rating
Supply voltage, DC

Power consumption during operation

Maximum inrush current
Product conformity

Electromagnetic compatibility

operating temperature range

permissible temperature range

storage temperature range

equipped with R&S°NCM2;
2 R&S®TSMES, 8 UEs performing a real
measuring task

EU: in line with EMC directive 2004/108/EC

0°C to +560°C

-10°C to +55°C"

-40°C to +55°C

+25°C/+55°C, < 95% relative humidity, cyclic,
non-condensing, in line with EN60068-2-14

1 power in

1 5 x LAN (5)

1 16 x USB (optional)

10Vto 19V
typ. 90 W

1MAat19V

applied harmonized standards:

1 EN55032: 2012/EN61326-1: 2006
(home location, class B)

1 EN55024: 2010

1 EN61000-6-2: 2005/EN 61326

Electrical safety

Dimensions

Weight

EU: in line with directive 2014/35/EU
USA
R&S®FR4-CORE (layer 1 and 2)

R&S®FR4-CORE plus R&S°FR4-EXTEND
(layer 1 to 3)

depends on installed devices
without devices/batteries, layer 1 and 2
without devices/batteries, layer 1 to 3

typical weight
(1 R&S®TSMAG and 4 test mobiles)

(industrial location, class B)
EN 61010-1

UL61010-1

485 mm x 356 mm x 146 mm
(19.1in x 14.0in x 5.7 in)
485 mm x 356 mm x 191 mm
(19.1in x 14.0in x 7.5 in)

approx. 3.2 kg (7.1 Ib)
approx. 4.0 kg (8.8 Ib)
7.9kg (17.4 Ib)

R&S®FR4 Freerider 4 is optimized for the software applications R&S°ROMES4, SmartBenchmarker and R&S®NESTOR. Only one of them can be

installed.

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

System requirements

Recommended:

1 Intel Core i7

1 8 Gbyte RAM for Windows 7/10, 64 bit

1 255 Gbyte SSD

1 DVD ROM drive

1 USB 2.0 and LAN ports

1 15" monitor with a resolution of 1024 x 768 pixel
1 Windows 7/10, 64 bit

Recommended notebook
1 Dell Latitude E6540 (or newer)
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Application: TETRA

emenis

*TSME/R&S*TSMEG
d

o \AYRF KO0 TETD A Frar cramt 4
5*TSMW-K2G6 TETRA option for scannet

TSMW scanner or R&S

ainner or R&S*TSMA/RES®TSIMIAG scanner
ROMES4

ROMIE!

ATTW or R&S®ROMESATIE
scanner driver)
S *ROMES4ATET

R&S®ROMES4 is the software platform 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.

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:

1 Mobility and speed — use in vehicles, helicopters and on
foot

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

1 Spectrum analysis for identifying interferers

1 Measurement and identification of TETRA base stations

1 Subsequent problem analysis — uncovers problems in
the TETRA network and analyzes them based on the test
data obtained with RRS*ROMES4

The R&S*TSME scanner, TETRA radios and other accessories controlled by R&S“ROMES4 in a backpack. The sound drivers are ASIO compatible.
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In the downlink, measurements performed using the
R&S®TSMW in the D-CT and D-CTT operating modes
include the following:

1 100 MHz to 1000 MHz frequency range, with parallel
measurements of all channels in a 10 MHz block

1 25 kHz channel resolution (with QPSK)

1 Automatic detection of the broadcast synchronization
channel (BSCH)

1 Up to 20 Hz measurement rate for carrier measurements
of up to 2 x 600 channels simultaneously (10 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

The R&S®*ROMESATET software option controls Sepura,
EADS and Motorola radios via the standardized PEl 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 KPIls of QoS measurements,
including handover and neighborhood analysis.

The R&S*ROMES4ANPA network problem analyzer
completely supports analysis of TETRA QoS using
R&S®ROMES4NT1 and R&S®ROMES4N15 for coverage
and interference and R&S“ROMES4AN17 for handover and
neighborhoods.

= Constellation diagram

» BCH demodulation, incl. decoding of neighboring cells
» Measurement of co-channel interference

= Channel impulse response (channel sounder)

The TETRA spectrum scan displays all channels ina 10 MHz band.

= TETRA Scanner Spectrum View:1

|/ R&s TETRA Scanner(1] ]

8504

rH s e v

|- MmEP

1000

11050+

=
Inband Power [dBm]

1100

1150

12504

T T T T T
20 3840 3660 3580 3700
Carrier Index

T
3720

4 Camer Main Carrier (&
3609

6661 -102.6 -96.3 4.6 0.0 0.0 4“4 5.4

1
6 3633 3633 6657 -101.8 -105.5 16.6 0.0 0.0 63 68
8 3704 3704 671 1127 -93.8 21.0 0.0 0.0 48 3.6
‘ 1. 3744 3744 €658 -88.9 -77.9 304 0.0 0.0 48 15
9 3I7H 3739 €70 -117.6 -12.7 10.6 0.6 33 k3 106
4 ®2 3622 6659 -101.6 -101.0 21.0 06 0.0 4 S.2
7 %3 3639 6663 -116.0 -111.6 135 0.6 67 58 1.7
3 3%1S 315 6673 -1128 -103.8 18.0 0.0 0.0 35 5.3
2 3613 3613 6666 -119.1 -107.4 15.0 0.0 0.0 4 8.2
5 3624 3624 6669 -114.9 -1115 1.5 00 0.0 49 1.9
. ™

RSSI[dbm]  SAR(dB)  Pre-VRBER[%) AACHBER(%) FreqEmoHz] PhaseEmod(®] Delay Speeadis]

Rohde & Schwarz R&S°ROMES4 Drive Test Software 39



Application: LTE

Reguirements
1 R&SCROMES4
1 R&S*ROMES4SAN (Samsung driver)
1 R&S°ROMESAQC (Qualcomm LTE driver)
1t R&S®ROMESATTW or
R&S°*ROMESAT1E (scanner driver)
1 R&S®TSMW scanner or
R&S®TSME scanner or
R&S®TSMA scanner

Coverage analysis with Rohde & Schwarz scanners
This essential analysis 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 (RSRQ) and the sig-
nal to interference plus noise ratio (RS-SINR) for 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.

Data throughput measurements with an LTE test
mobile phone

R&S®ROMES4 collects scanner data and measurement
data from a Qualcomm or Samsung LTE test mobile

TopN View shows eNodeB signals sorted by strength

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 MIMO. 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.
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In addition to measuring data throughput, measure-

ment data of layer 1 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.

VoLTE measurements

LTE is also increasingly used for voice transmission. IP-
based telephony via VoLTE 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 VoLTE and identify the cause of errors.

Interference analysis

LTE is a single frequency network (SFN) that is identified
by a reuse factor of 1. This means that neighboring cells
use the same frequency ranges. Interference is therefore
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/l 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.

Display of measurement data from a Qualcomm chipset based LTE data stick

Be fea Nelese lecvoiges Boy Tish Do b
H Ela e N TR
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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 (CIR) 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, LTE 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 (ISI). The effect man-
ifests itself in a low SINR. 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-
sions 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,

Demodulation of eNodeB broadcast information
The R&S*TSMW, R&S*TSME and R&S“TSMA can scan
LTE signals and demodulate broadcast signals. The broad-
cast information from previously detected eNodeBs is de-
modulated (MIB and SIBs) 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-RAT
and inter-RAT) and handover thresholds are also visible.
All these values make it easier to classify the signals and
detect problem spots.

Subband measurements

The LTE wireless communications standard permits chan-
nel bandwidths of 1.4 MHz to 20 GHz. While the synchro-
nization and broadcast information is contained within a
bandwidth of approximately 1 MHz 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

e.g. by adding eNodeBs.

performed on the LTE scanner. The SINR of the reference
signals is determined for every resource block (12 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 (echoes) together with

a cell's cyclic prefix
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MIMO measurements

MIMO plays an essential role in achieving high data rates
in LTE networks. Ideally, using MIMO 2x2 will double the
data rate and MIMO 4x4 will quadruple 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 MIMO 2x2 or

a set of R&S°TSME for MIMO 2x2 and 4x4 together with
the R&S®TSMW-K30 MIMO option. The scanner receives
the eNodeB reference signals from all transmit 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 MIMO.
The MIMO and SINR measurements can be used to ex-
plain the data rates achieved with the test mobile phone.

Decoding LTE BCH information with the R&S*TSMW LTE scanner

J' LTE Scanner BCH View:1

|~ BTSs with estimated position only

2 ¥ Provider: 1

¥)-<) BTS unknown
<) BTS unknown
<)) BTS_______unknown
<) S262_002__20502787
AAAAA .“xs MIB

118

{15 SIB 2

--{13 SIB 3

----- {1} siB4

=< $262_002__20585730
----- 1§ mIB

SIB 1

¢ SIB2

SIB 3

{ia SIB 4

<) $262_002__21075969
<) $262_002_ 22002173

Frequency: | 806.000 MHz (Vodafone-Germany) _'J

{2 System Information Block 1
B} cellaccessRelatedInfo
B plmn_IdentityList
El plmn_Identity
| Bemee
i .MCC_MNC_Digit 2
-MCC_MNC_Digit &
.. MCC_MNC_Digit 2
E-mnc
{.. MCC_MNC_Digit 0
.. MCC_MNC_Digit 2
. cellReservedForOperatorUse (1) notReserved
- trackingAreaCode (0xbbS4) '10111011100101008
. cellldentity (0x138d9030) '0001001110001101100100000011'8
- cellBarred (1) notBarred
- intraFreqReselection (0) allowed
- csg_Indication 0
[ cellselectionInfo
i..q_RxLevMin 64
- freqBandIndicator 20
[ schedulingInfolist
i si_Periodicity (1) rfi6
E\ sib_MappingInfo
(0) sibType3
i-si_Periodicity (2) rf32
B sib_MappingInfo
i (1) sibTyped
-si_WindowLength (6) ms40
- systemInfoValueTag 5
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Ordering information

R&S*ROMES4 drive test software

Platform for measurement and replay R&S°ROMES4 1117.6885.04

Software replay version R&S®ROMES4REP 1117.6885.34

Software maintenance contract and single software update

Software maintenance contract for one year R&S®ROMES4UPC 1510.8140.02

One-time software update within the R&S“ROMES4 generation R&S°ROMES4UPS 1510.8140.03

One-time software update from the previous R&S*ROMES generation R&S°ROMES4UPG 1510.8140.04

Scanner and receiver drivers

R&S“TSMW driver R&S°ROMESATIW 1117.6885.02

R&S®TSMEB, R&S®TSME, R&S®TSMA and R&S®TSMAG driver R&S°ROMESATIE 1117.6885.82

R&S®“TSME30DC downconverter driver R&S°ROMES4T30D 4901.1004.02

Test mobile phone/data card drivers

Qualcomm LTE/WCDMA/GSM R&S*ROMES4QC 4900.5241.02

Qualcomm 5G NR UE R&S°ROMES4NRQ 4900.5341.02

C2K Qualcomm CDMA2000° 1xEV-DO R&S°ROMES4C2K 1117.6885.06

WILAN Windows R&S°ROMESAWEF2 1522.8211.02

Samsung 5G New Radio Exynos R&S°ROMES4NRS 4900.5370.02

Samsung LTE/WCDMA/GSM R&S°ROMES4SAM 1529.8100.02

Qualcomm eMBMS R&S*ROMES4EMQ 1527.2034.02

Qualcomm NB-loT R&S°ROMES4NBQ 4900.5258.02

LTE carrier aggregation, downlink R&S°ROMES4CA 1117.6885.90
LTE carrier aggregation, uplink (Qualcomm) R&S°ROMES4CAU 4900.5270.02

LTE licensed assisted access R&S°ROMES4LAA 4900.5312.02

VolTE R&S°ROMES4VO 1522.8186.02

Neul NB-loT R&S°ROMES4NBN 4900.5287.02
TETRA drivers (PEl) from Sepura including L3 R&S“ROMESATET 1506.9930.02
QualiPoc test mobile support

QualiPoc single phone support R&S“ROMES4QP 49.00.5235.02
Special measurements and options

Automatic channel detection R&S°ROMES4ACD 1506.9869.03
GSM interference R&S®ROMES4COI 1117.6885.56
Position estimation R&S®ROMES4LOC 1117.6885.32
KPI enhancement: generation and measurement of user-specific KPls R&S°ROMES4KPI 1117.6885.66
Handover/neighborhood analysis for 3GPP (HOA/NBA 3GPP) R&S®ROMES4HOA 1117.6885.22
Indoor R&S°ROMES4IND 1117.6885.24
360 degree panorama measurement with R&S*HE300 R&S°ROMES4PAN 1117.6885.78
Remote control of scanner measurements R&S®ROMES4RCO 1506.9917.02
Network problem analyzer (NPA)

Network problem analyzer, base package R&S°ROMES4ANPA 1510.9276.02
NPA extended NQA plugin R&S°ROMES4NT1 1510.9299.11

Coverage plugin R&S®ROMES4N15 1510.9424.02
Neighborhood analysis plugin R&S°ROMES4AN17 1510.9299.17
Spectrum analysis plugin R&S*ROMES4N18 1117.6885.74
BTS evaluation R&S°ROMES4N19 1522.8940.02
2G/3G/AG data plugin R&S®ROMES4N20 1510.9299.20
Downlink carrier aggregation analysis plugin R&S“ROMES4AN21 1521.5360.02
VoLTE analysis plugin R&S*ROMES4N22 1521.5377.02
Uplink carrier aggregation analysis plugin R&S“ROMES4N23 4900.5306.02
Delta and comparative analysis plugin R&S®ROMES4N30 1510.9299.30
LTE MIMO and downlink allocation analyzer R&S®ROMES4N31 1510.9299.31



NB-loT analysis plugin R&S°ROMESA4N34 4900.5206.02
NB-loT UE analysis plugin R&S°ROMES4N35 4900.5264.02
loT test device

Exelonix NB-loT/LTE-M Qualcomm module R&S°TMS-R410 3637.0473.02

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

Related products
Mobile network scanners

R&S®*TSMAG6 ultracompact drive test scanner

Combination of the technology of the R&S°*TSME6

multitechnology network scanner with

a high-performance Intel CPU based PC

The R&S®TSMAG scanner supports the measurements

of all supported technologies from 350 MHz to 6 GHz

simultaneously. The future-proof architecture and in-field

upgradability for both hardware and software allows

e up to MIMO 4x4 measurements and supports 5G NR
technology requirements.

v No limitation in 3GPP frequency bands up to 6 GHz
(e.g. 5G NR, LTE, WCDMA, GSM, NB-loT), including a
multi-GNSS receiver for uninterrupted location tracking

1 Integrated high-performance Intel i7 CPU based PC

R&S®TSMEG6 ultracompact drive test scanner

All bands, all technologies simultaneously,

ready for the future 5G NR standard

The R&S®°TSMES 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®TSMES is a state-of-the-art T&M
instrument.

+ Multiband support from 350 MHz to 6 GHz
« GSM, WCDMA, LTE FDD, LTE TDD, CDMA20007, 1xEV-DO,
TETRA, WIMAX™ and spectrum analysis simultaneously in

one scanner
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R&S®TSME30DC ultracompact downconverter

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,
1 Ultra broadband RF frequency range for downconversion unattended operation.
(24 GHz to 30 GHz)

1 Parallel millimeterwave and sub-6 GHz measurements

with a single scanner

R&SSTSMA autonomous mobile network scanner

Walk and drive testing with flexible connectivity

The compact R&S®TSMA autonomous mobile network
scanner offers all the 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. Multitechnology and multiband measurements
1+ Multiband support from 350 MHz to 4.4 GHz provide full flexibility.
i Parallel GSM, WCDMA, LTE FDD, LTE TDD, CDMA2000°,

1xEV-DO, TETRA, WiMAX™ measurements and spectrum analysis

in one scanner

i+ Connects to Windows PC, Android UE or tablet

R&S®TSME ultracompact drive test scanner

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 full flexibility and an
optimal price/performance ratio for drive and walk tests.

& ROHDELSCHWARZ 1o

ks O3

+ Multiband support from 350 MHz to 4.4 GHz

1 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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R&S®TSMW universal radio network analyzer:

Scanner for drive tests and I/Q streaming
r— The R&S®TSMW universal radio network analyzer is
il _ a platform for optimizing all conventional wireless
il - communications networks. Two frontends for any
il e input frequency from 30 MHz to 6 GHz, preselection
Wil and software-defined architecture offer unsurpassed
Hm . i } performance while providing maximum flexibility.

. In addition to functioning as a scanner for wireless
communications networks, the R&S*TSMW is also an
1 User-definable input frequency range from 30 MHz to 6 GHz ideal digital I/Q baseband receiver.

« Parallel measurements in GSM, WCDMA, LTE, CDMA20007,
1xEV-DO, TETRA and WIMAX™ networks with the
R&S“ROMESA4 drive test software

R&S®TSML-CW radio network analyzer

Drive test scanner for CW measurements

The R&STSMI=CW Tadio network anatyzer is idealfor
distance triggered CW measurements.

1 Wideband receiver (80 MHz to 6 GHz)

1+ Support of distance triggered CW measurements

Test mobile

QualiPoc Android

Smartphone based product for optimizing
mobile networks
QualiPoc Android is based on the latest commercial
Android smartphones. It supports all mobile network
technologies used worldwide, and covers multiple protocol
layers as well as 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/QoE) within a
Rich set of service tests for voice quality, mobile network.
data, messaging and video quality to

reflect the real end user experience
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Rohde & Schwarz

Service that adds value The Rohde & Schwarz electronics group offers innovative

1 Worldwide solutions in the following business fields: test and mea-

1 Localiand personalized surement, broadcast and media, secure communications,
niCostomizodrandifiexble cybersecurity, monitoring and network testing. Founded

1 Uncompromising quality . .

1 Long-term dependability 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 portfolio 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
O
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www.rohde-schwarz.com/mnt

Sustainable product design

1 Environmental compatibility and eco-footprint

1 Energy efficiency and low emissions

1 Longevity and optimized total cost of ownership

Certified Quality Management Certified Environmental Management

1S0 9001 IS0 14001

Regional contact

1 Europe, Africa, Middle East | +49 89 4129 12345
customersupport@rohde-schwarz.com

1 North America | 1 888 TEST RSA (1 888 837 87 72)
customer.support@rsa.rohde-schwarz.com

1 Latin America | +1410910 79 88
customersupport.la@rohde-schwarz.com

1 Asia Pacific | +65 65 13 04 88
customersupport.asia@rohde-schwarz.com

1 China | +86 800 810 82 28 | +86 400 650 58 96
customersupport.china@rohde-schwarz.com

Trade names are trademarks of the owners
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