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TEMS Investigation Product Description

Introduction

Fil= VWiew Logfle Presentation Contral Configuration

TEMS Investigationisan air interface test tool for real-time diagnostics.
It lets you monitor voice channels as well as data transfer over GPRS,
circuit-switched (CSD) or high-speed circuit-switched (HSCSD)
connections. TEMS Investigation is equipped with basic testing and
inspection functions as well as powerful analysis and post-processing
features useful to the experienced RF engineer.

The TEMS Investigation package consists of a PC software application
that receives data from up to four TEMS mobile stationsinidle as well
as dedicated mode. A dedicated scanner mobile (TEM S Scanner) can
also be connected as well as a GPS unit for geographical positioning.
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For Help, press F1

Radio parameters

and C/I

S

The wealth of details on air interface parameters and signaling collected
by the TEM S mobile puts the analyst in an excellent position to tackle
thorny network problems. Getting at the roots of mattersis further
facilitated by the frequency scanning and dataimport functions. There

|Play: [0831_03_w Nao file open
Progress of recording/replay Status of

connected equipment
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TEMS Investigation Product Description 2

are also generous facilities for manipul ating mobile station settings and
signaling behavior in order to smulate various network modifications.

Datais presented in real time throughout. This makes TEMS
Investigation ideal for advanced drive testing sessions of trouble-
shooting, performance tuning, etc. All data can also be saved in logfiles
for purposes of post-processing.

The TEMS Investigation base package is composed of a CD with PC
software, a TEMS mobile station, a serial cable for connecting the
mobile to the PC, and various other items (compl ete listing on page 36).
The software is a 32-bit application running under Windows NT 4.0,
Windows 2000, or Windows 98.

Examples of Applications

Commissioning

Putting new cell sites into operation entails careful checking of the
added equipment. The predicted cell coverage must be verified,
handover behavior must be checked against specifications; al timeslots
must be functional; and most importantly, the speech quality must be
satisfactory. All these checks can be performed with TEMS
Investigation.

Network Optimization and Tuning

Tuning and optimizing the network typically boils down to tilting site
antennas, adjusting cell and location area boundaries, etc. TEMS
Investigation makes it easy to try out various tweaks and adjustments
and monitor their effect in real time, or log the data for later scrutiny in
the office.

Troubleshooting

Resolving tricky network problems calls for a dynamic analysis tool
where the user has great freedom to configure presentations and events.
The most crucial requirement, however, is that the analyst be ableto
obtain a detailed, while till lucid and readily interpretable, overview of
the course of events.

GPRS Verification

In deploying a GPRS network, the estimated data throughput must be
carefully verified, and the impact of air interface interference on the
packet data traffic ascertained. TEM S Investigation makes it easy to
locate spots with bad throughput where the network configuration must
be reconsidered.
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What's New in Release 3.1

Data Service Measurements (HSCSD)

Throughput, retransmissions, C/I by timeslot, and a number of other
parameters can be monitored for HSCSD as well as ordinary circuit-
switched data transfer. New information elements have been added
holding this information.

Channel Verification

This new utility allows you to check the availability of a set of traffic
channels, making callsin all relevant timeslots to verify each of them

Separately.

TEMS Pocket R520m 1.1

The TEMS mobiles are release 1.1 of the TEM S Pocket R520m phone.
The new release has added GPRS functions.

What Was New in Release 3.0

The most important novelty in the 3.0 rel ease was the introduction of
GPRS measurementsin live networks.

GPRS Features
+ Modified R520m GPRS mobile station used as TEM S mobile

» New information elements— notably throughput, resend/decode error
percentages, timeslot use, but also many others

* New events reporting on the GPRS connection —for example,
“GPRS Attached” and “ GPRS PDP Context Activated”

* New presentation windows

The GPRS performance predictor introduced in an earlier release of
TEMS Investigation, taking ordinary GSM network data as input, was
kept in thisrelease.

TEMS Pocket Functions in TEMS Mobiles

All TEMS mobilesto be used with TEMS Investigation are equipped
with afull set of TEMS Pocket functions (they are TEM S Pocket
mobiles).

License Handling Reworked

The old license handling system using CrypKey was abandoned. A
TEMS Investigation-specific mobile station is now required for real-
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time presentation and recording. Such a mobile (an R520m) isincluded
in the product package.

Automation and User-friendliness

The call sequence available in previous TEMS Investigation releases
was replaced by the command sequence. Like its predecessor, the
command sequence makes it possible to automate sequences of calls,
but it also enables control of logfile recording and handover behavior.

To the Navigator was added a Dashboard tab. Equipped with large
buttons for calling, recording, etc., it eases the task of operating the
application during drive tests.

Improved Text Format Logfile Export

The text-format export of logfiles was made more selective. Instead of
choosing groups of information elements, the user now picks out
individual information elements (and individual constituent parts of
complex elements) for inclusion in the export file.

Multiple Mobiles Support

TEMS Investigation now supports full logging with up to four TEMS
mobiles. A mobile functioning as scanner (or a TEMS Scanner) and a
GPS unit can aso be connected simultaneously, bringing the total
number of connectable external unitsto six.

New MTR File Format Supported
R8 MTR files are now accepted as uplink datafiles.

Pausing the Recording

Logfile recording can now be paused. On resumption, the recording
continues to the samefile.

Supported Cellular System Versions

TEMS Investigation GSM has triple band support: E-GSM 900,
GSM 1800, and GSM 1900.

TEMS Investigation for Other Cellular System Standards

TEMS Investigation is also available for the following cellular system
technologies:

« CDMA
« TDMA
« WCDMA

ERICSSON Z



TEMS Investigation Product Description 5

Where to Find Out More

For additional information concerning TEMS Investigation or other
TEMS products, please visit Ericsson on the Web at
WW\W.ericsson.se/tems.
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Highlights of TEMS Investigation

GPRS: Evolution of Data Transfer Session

Measurements from GPRS networks can be presented in a variety of
presentation windows. The line chart is the natural choice for studying,
for example, throughput fluctuations and changes in timeslot allocation:

Throughput on downlink;
red = LLC protocaol level,
green = RLC protocol level

Number of timeslots used on downlink

GPRS Line Chart [M51]
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The chart shows typical FTP session behavior with near-constant
activity and non-zero throughput on the channel (for web browsing,
on the other hand, one would expect long uneventful intervals
interspersed with fairly short periods of intense data transfer). Note
the long stretch of downloading in the middle of the segment. The
maximum throughput is about 38 kbit/s.

At the instant indicated in the charts by the black vertical line,
coding scheme CS-2 is the one predominantly used.
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GPRS: Layer 3 Messages

GPRS Layer 3 messages are displayed in the Layer 3 message window
along with other Layer 3 messages.

EH Layer 3 M=l E3
| Source | Direction | Messzage AI

h51 Downlink,  Packet Uplink Ack/Mack —
k451 | plirik, FPacket Control Acknowledgement
k451 Downlink, - Packet Poling Request

k51 Dawnlink,  Packet Dawnlink Azsignment

k51 Uplink. Packet Downlink Aok /Mack

Downlink,  Attach Accept

MS1  Uplink  Attach Complete |

Just like ordinary GSM Layer 3 messages, the GPRS-related messages
can be inspected in plain-text format:

R adio priority for S5
Fadio priority level value : [4] Priority level 4 [1 = highest, 4 = lowest)
M51 Raouting area identifization
Attach Accept MCC : 240
Time: 11:32:51.09 MNC : 01
Latitude: not walid LaC : 1058 [Hex Ox0422]
Longitude: not walid Routing area code [RAC]: 1 [Hex 0:01]
Frame number; 1265663 P-TMSI zignature
Walue : 7596194 [Hex DR73E852)
Skip indicator : 0 Megotiated READY timer value
Protocol dizcriminator : (8] GPRS mability management messages Urit - [0] % alue iz incremented in muliples of 2 secands
Meszage type : 2 YWalue ; [22] 44 zeconds
Force to standby Allocated P-TMSI
Foree to standby walue ; [0] Force to standby not indicated Length of mobile identity contents : 5
Aftach result Odd/even indication : [0] Even number of digits
Result of attach : [1] GPRS only attached Type of identity : [4] TMSI/P-THSI
Periodic R4 update timer THMSI/P-THS] : Hex OxED31B341
Unit : [2] ¥ alue is incremented in multiples of decihours
Walue : [9) 54 minutes Meszage dump:
Spare half octet 0202014904 42601004 22
011973e8a2171618051H
ed 31 b3 al

GPRS: BER and FER by Timeslot

The bit error rate and frame error rate is given separately for the
individual timeslots used, enabling the user to pin down the extent and
also the causes of interference problems with greater precision.

EBE GPRS Timeslot [M51] [_ [O] =]

Element UL DL1stTS DL2ndTS | DL3dTS DL 4th TS
TS used TSE TS5 TSE TS7

TS Charnel Type  PDCH PDCH PDCH PDCH

BER/TS [%) 920 550

FER/TS (%] a3 20 a3

The error rates are highest on downlink timeslots TS5 and TS7,
while the problems on timeslot TS6 are less serious.
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Seeing the Big Picture: Uplink Data

Ordinary TEMS logfiles contain downlink data only. In TEMS
Investigation it is now possible to augment logfiles with recordings of
uplink data obtained by other means. (This requires that infrastructure
from Ericsson be used in the cellular network.)

The benefit of studying uplink dataisthat it yields a clearer picture of
what is going on in the network and thus permits the network analyst to
draw more informed conclusions.

Example 1. Handover

Decisions about handovers are made for the mobile station by the
network (normally in the BSC), and not by the mobile itself. The mobile
contributes in the decision-making process by reporting the signal
strength of neighboring cells, but the network bases the neighbor
ranking and the resulting handover decisions on other information as
well (independent measurements of signal strength, and also estimates
of radio quality and timing advance).

BH Uplink Neighbors M[=] E3
Cell Mame Ruley Ranking *falue | Ranking Type LAC Cl
THOOEEC 73 -20 F.-value 1100 aa3
WEI1IE 81 -29 F.-value 1100 13z
WEIZ2AC 83 -29 F.-value 1100 3243
THODBBA 86 -30 F.-value 1100 2
-82 1] IJndefined 4500 3073
-84 1] IJndefined 4500 3073
Y

Neighbor ranking

The TEMS logfile contains only the mobile’s own “advisory”
measurements, whereas the uplink dataincludes the final decision
arrived at by the BSC (expressed as ranking of neighbors). Therefore,
the uplink data shows more clearly how the mobile station interactswith
the network.
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Example 2: Handover and Power Control

The following chart exemplifies the interaction between the mobile
station and the cellular system.

Uplink Line Chart [M55] =] 3
-0 -0
Downlink RxLev —_ o o
X ok
= =
z z
s | e
S | E
Uplink RxLev [ E E
| -1zo | 120
o D
MS transmit power 15 31
attenuation T s 14
\ : |2
- Mﬂ—l 12 ]z
BTS transmit _‘_‘\-'—\-“"_u“""\,"\-‘\_f—“—\\] r' g g
power — H _ FTS =
attenuation o a°
o RIS
Kl _ I

The top chart shows uplink and downlink signal strength (RxLev),
and the bottom chart shows the transmit power of the base station
and mobile station respectively. A handover takes place at the
stage indicated by the hand symbol.

In the new cell, the mobile begins at maximum transmit power as
always, causing the uplink RxLev to rise sharply. The dynamic
power control algorithm finds that this power level is excessive and
promptly lowers it again; in fact, to maintain the signal strength, a
somewhat lower power than in the old cell proves sufficient. That
the mobile’s receiving conditions are also better in the new cell is
evidenced by the rise in downlink RxLev.
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SQI — A Faithful Measure of Speech Quality

Actual speech
quality

SQl

RxQual

Speech quality in GSM networks is traditionally assessed by means of
the RxQual parameter. RxQual, however, suffers from a number of
drawbacks which make it an unreliable indicator of speech quality.
TEMS Investigation includes a more sophisticated quality measure, the
Speech Quality Index (SQI; Pat. No. WO-9853630), which is dedicated
to reflecting the quality of the speech as opposed to radio environment
conditions.

SQI is computed by an algorithm that imitates results from listening
tests, taking into account information on bit error and frame erasure
rates and their respective distributions, as well as handover events. The
SQI valueis updated twice a second.

Comparison of SQI and RxQual with actual speech quality as
assessed in listening tests. It is obvious that SQI is by far the better
approximation of actual speech quality.
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C/l — An In-Depth View of Air Interface Conditions

The carrier-to-interference ratio is the ratio between the signal strength
of the current serving cell and the signal strength of undesired
(interfering) signal components. This parameter is of prime importance
when it comesto judging radio network performance.

TEMS Investigation presents the measured average C/I for each of the
frequencies used in an ongoing call, data which enables the
identification of frequencies exposed to high levels of radio
interference. C/I is also measured in idle mode (on the serving cell
BCCH carrier). Such information can in turn be taken into account when
optimizing the frequency plan, so that the speech and data quality in the
network can be improved.

In GPRS mode C/I is calculated and presented separately for each
timeslot used (seefigure).

EH C/1 [M51] =] B3

C/1 for currently used channels and timeslots in a GPRS network
with frequency hopping. There is a fairly serious interference
problem on channel 22, timeslot 7.

See the document “Measuring C/I in TEMS Investigation”, EPL/T/R-
99:150, for more information about this feature.

See also the document “Interpreting the Information Element ‘C/I’ ”,
EPL/T/TN-00:022, in which various reasons for bad C/I readings are
discussed, among them the following:

» Co-channel interference

» Adjacent channel interference
» Blocking

* Noise

 Intermodulation products

» Timedispersion
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Survey of Functions

Presentation

TEMS Investigation has a number of different types of presentation
windows, the most important of which are the line chart, the map, and
the status windows containing tabular listings.

The predefined window types can be freely modified by the user. There
are also blank line chart and status window templates which the user
customizes from scratch.

Status windows are constantly refreshed to show the situation at the
current time instant, whereas maps and line charts accumul ate
information and display the whole history of the testing session. All
windows are synchronized: When the user selects an earlier time instant
inamap or line chart, the status windows are automatically updated to
show this older data.

Line Chart

The line chart visualizes how numerical information elements evolve
over time, while also displaying at what points events have occurred.

The Line Chart window is subdivided into a number of synchronized
panes. See page 13.

Map

Drive test routes can be presented graphically on a map of the
investigated area. Measurement data and events are plotted in symbolic
form. The positions of cell sites can also be drawn with the added
possibility of indicating the serving cell throughout the test drive by
means of successive connecting lines.

See the examples on pages 14 and 15.

Status Windows

The status windows present information el ementsin tabular form. There
are anumber of ready-made windows designed for presenting particular
categories of information (such as signal strength or SQI). In addition,
Thereisalso ablank template which can be used to compose status
windows of the user’s choice.

See page 16.
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Line Chart Example
An example of line chart presentation.

Serving cell signal strength (bars)
with neighbors drawn on top Scales used in chart

Line Chart [M51]

o] |10
n 4 =
& 2
= 1z
2 7=
o o
= 40
o z
Channel -120 | -120
with best — 4] | ]
Cil 30 25 25
2] 1 o 1 o
E = =
m
Channel i § 1z
with worst —
Ci 1 1
20 |5 |-
Bars: — 1] [+
Speech 4] * ’ | ] [ How |
ualit i
?SQI)y | IE /| Walue | sRFCN | BSIC|| MS | | IE | Walue | M5 |
® Rxlev Sub [dBm) -80 24 27 M51 || Time 03:03:08.42 M5
m Meighbor R=lLey [dBm][1]  -83 N e-F——hs1 50l g M51
= Meighbor RsLev [dBm)[2] -83 645 21 W31 | CAWeE 4.50/( M51
User-defined event: C/l Worst Handover Values at highlighted time
dropping below 9 dB instant (thick line in charts)

It is interesting to study what happens in the middle part of this
segment. One (at least) of the hopping frequencies (lower chart,
red) is suddenly subjected to intense interference. This triggers a
(user-defined) event, but at first does not affect speech quality (SQI
stays high). However, a little later the disturbance becomes so
severe as to cause a handover. That the handover is not due to
some neighbor becoming markedly stronger is obvious from the
upper chart, which shows no dramatic RxLev changes prior to the
handover.

ERICSSON Z



TEMS Investigation Product Description 14

Map Examples
Two examples of map use.

Cell site

Line identifying serving
cell for current route
segment

A
4 !
o ?f @
o
W

I=| % . \‘f_“
T
- |
r H—_\_\_I.-f
\\\ _//
e )

| [Lon 21142018, Lat 64 643838

Vehicle route: Circle = dedicated mode;
color = signal strength;
size = radio quality

The default settings for route markers (showing among other things
RxLev and RxQual) can of course be freely modified by the user. Each
route marker can code up to three information element values (size,

color and shape). Several markers can be drawn in parallel in order to
show more data.
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The exact data represented by a map symbol is easily retrieved by
clicking it. Selecting an area enables presentation of some statistics for
this area

@[] =4 Bl

& T S—
S T —

Information Element

M51 - G5M - FBulev Sub

MHumber IEEE z

Min |24 Max |70 ‘

Median |42 Mean [491283 [

Cloze Lo
™

[

| [Lon 20955142, Lat 64,753347

A multi-layer structure is used for the presentation data (as well as,
indeed, for the elements of the map image itself). The visibility of each
layer can be controlled separately.

Other map features include:

* Panning

e Zooming

» Labeling of map elements

» Choice between different projections (using GeoSet file)

Maps can bein Maplinfo, TIF or bitmap format. Note that map plotting
requires access to GPS data.
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Status Windows

Serving + Neighbors
The Serving + Neighbors window presents, in tabular form, the BSIC
and ARFCN of the serving cell and of up to 32 of the strongest

neighboring base stations. The window also presents the path loss and
cell reselection criteria, C1 and C2.

Serving cell —»

Neighbors ——»

BH Serving + Meighbors [M51] _ (O] x|
Cellname BSIC ARFCH | Rsley | 1 C2 -
D owentovn 25 [ 29 J

Airport Sauth 20 -89 el
Airport Morth el -0 20
Hozpital 20
Cheesebay 20 b
T -tover 22 9
Hozpital _2_4 9
s \ 0s
\ /_’ P 114 ;l

No BSIC decoded for these cells

Radio Parameters
Thiswindow displays radio parameters for the serving cell.

EH Radic Parameters [M51] !Elﬂ

Sub

Element Full

Ruley
FiuGual
FER

S0l

Co wharst[0]
TuPower
DT

TA 1
RL Timeout Counterfact) 20
RL Timeout Counter(kax] 20
M5 behavior modified 1

-85

2
]

Note that in this example, downlink DTX is activated, so the base
station does not transmit continuously. Therefore, for RxLev,
RxQual and FER, the seemingly alarming “Full” values are
irrelevant; the “Sub” values give the true picture.
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Frequency
hopping used

Serving cell
ARFCN

Adjacent
channels

Current Channel
Here, information about the channel currently used by the mobile station
islisted.

EH Current Channel [M51] =] 3
[Eemere  wvawe |
Time 13075914

Celname

CGI [MCC, MMC, LAC, CI) 240 01 1068 1007

Cell GPRS Support YES

BSIC 21

BCCH ARFCH 579

Mode Dedicated

TCH ARFCH

Tirne glot 3

Channel type TCHAF + FACCH/F and SACCH/F

Channel mode

Sub channel number

Hopping channel

Hopping frequencies

Mobile Allocation [ndex Offzet(MAal0)
Hopping sequence number [H5M)

Speech full rate or half rate verzion 2

YES

h: 573579
1

1]

CI/IA, CII
These windows show the results of adjacent channel scanning and
carrier-to-interference ratio measurements.

BH C/A [MS1]M[=] E3
Element | Cab,

Cit-3 B3

Cit-2 B1

Lt 23

15 -48

ChA+ 21

Cla+2 48

ChAA+3 25

BH C/1 [M51] =] E3

(compare page 11)
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GPRS Status Windows

GPRS PDP Context

Thiswindow summarizes the results of the PDP Context negotiation
between the user and the network. In other words, these parameters
describe the quality-of-service offered by the network to the user for the
duration of the current PDP Context.

BB GPRS PDP Context [M51] M=l E3
Element YW alue

Active PDP Contests 1

POP MSAPI 5

FOP LLC SAFI 3

FDP Delay Clazs Delay clagz 1

FDFP Reliability Claz=z Unacknowledged GTP and LLC; Ackn...
FDP Precedence Clazz  Marmal prionty

PDP Peak Throughput  Upto 256 000 octets s

FDP Mean Throughput 50 000 000 octetz/h

FDP Radio Priority Friority lewel 11 = highest, 4 = lowest)
FOF Access Point Mame
POF Adress 10.160.38.0

GPRS Status, GPRS Throughput

The GPRS Status window shows the state of the GPRS connection:
number of timeslots used, coding schemes on uplink and downlink,
Routing Area Code, etc.

The GPRS throughput window shows throughput and retransmission
figures.

BH GPRS5 Status [M51] Hi=] E3 B GPRS Throughput [M51] [[=] E3
[Element [ wvaue | [Elemert | vaue |
Mumber of TS Uzed [DL] 3 LLC Throughput DL 13.42

RAC | LLC Decode Erors [Z]DL 0O

Ghdbd State Feady RLC Throughput DL 3286

FF State FPacket Transfer bode RLC Decode Evorz [%]0L 0O

Cading Scheme LIL Cs-2

CS -1 DL Usage [%] 33 LLC Throughput L 0.39

C5 -2 DL Uzage [%] B7 LLC Retransmiszion [%] UL 0O

CS -3 DL Uzage [%] 1] RLC Throughput L na9

C5 -4 DL Uszage [%] 1] RLC Retranzmizzion [%] UL 88

GPRS Timeslot

Thiswindow shows the timed ots used on uplink and downlink, and the
performance (in terms of bit error rate and frame error rate) of each
timeslot.

BE GPRS Timeslot [M51] =] E3
Element L DL 1st TS DL 2nd TS DL 3rd TS DL 4th TS

TS used T56 T55 T56 T57

TS Charnel Tppe FOCH FOCH FOCH FOCH

BER/TS [%) 2.50 2480

FERATS [%] 20 10
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Status Window Template

The blank status window template allows the user to design his own
status window. In thisway any set of information elements may be

viewed together:
EH Metwork Compare =] 3
Element MNetwork A || Network B Unit
Signal strength [Sub] -78 -92 dBm
Channel Quality [BER] 0 0 %
Speech Quality [SQI] 30 21 dBQ
C/l [Worst] 20 16 dB
C/l [2nd Worsf] 20 dB
Time 12:06:28.37

In this window two networks, A and B, are compared with respect
to a number of parameters. A uses the EFR speech codec,
whereas B uses the FR codec. The speech quality, as might be
expected, is superior for A at the time instant shown. It can also be
seen that A uses frequency hopping while B does not (B has no
“2nd Worst” C/I, as only a single channel is used).

Two mobiles are used for the measurements, one for each
network.
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Some Information Elements

These are some of the most important data items presentable in TEMS
Investigation.

GSM

Downlink information elements (from TEMS mobile).
N: Also available for neighboring channels.
S Frequency scanning data collected in special information elements.

ARFCN of BCCH "
ARFCN of TCH S

BSIC"S

C/A for channels+/-1, 2, 3
Cl

cin ca"

Cell names"

Cdl Globa Identity

DTX percentage on downlink
FER, full and sub values
Hopping frequency list
Mobile station transmit power
Radio link actual timeout
Radio link max timeout
RxLev, full and sub values " (also for adjacent channels)
RxQuial, full and sub values
SQI, Speech Quality Index
Time

Timing advance

Timesots used

Uplink information elements (from MTR files)

Base station transmit power
DTX percentage on uplink
Neighbor ranking values
Neighbor RxLev

Uplink RxLev, full and sub
Uplink RxQual, full and sub

GPRS
(from TEMS mobile)

» Throughput (LLC protocol level, RLC protocol level; uplink and
downlink)

Timedots used

BER by timeslot

C/l by timeslot

FER by timeslot

Coding scheme usage
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Details on active PDP context(s): precedence class, delay class, peak

throughput, etc.

Percentage of blocks resent on uplink

Percentage of blocks erroneously decoded on downlink
C31, C32

Neighbor C31, Neighbor C32

GPRS Prediction
(calculated from data reported by TEMS mobile)

Predicted throughput
Predicted block error rate (BLER)
Predicted best coding scheme

HSCSD
(from TEMS mobile)

Throughput (RLP protocol level; uplink and downlink)
Timedlots used

BER by timeslot

C/l by timeslot

FER by timeslot

Percentage of blocks resent on uplink

Percentage of blocks erroneously decoded on downlink

Data from Positioning Equipment

Altitude (meters and feet)
Heading (degrees from north)
Latitude

Longitude

Vehicle speed (km/h and mph)
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Mobile Station Control

TEMS Investigation hasrich facilities for controlling and modifying the
behavior of the mobile station:

» Customization of mobile station behavior
» Recording of call sequences
» Monitoring and control of Layer 3 signaling

These functions are very important when it comes to simulating
problems or trying out changes in the network configuration.

Customization of Mobile Station Behavior

Among other things, TEMS Investigation provides functions for
manipulating cell selections and handovers. All the functions can be
accessed from a multi-tab property page; the most important ones also
have their own toolbar buttons as shortcuts.

Mobile Properties for M51

Band control | Quality | SIM1 | SIM 2 | SIM 3 | Speech codec |
Cal | Capabiites | PDPContest@oS | Idemode |

Dedicated mods I CAs - T scan | Paower class
Function
ITarget HO j ™ Multiband reparting
Filter Mo af channels |2_
| Celfile =l
Source channels Target channels
11 T -tower ; > 23 Th-hower
14 Downtown —I
27 birport Marth
28 Hospital K |
43 TV -tower

44 |

Drefault |

Fezet | Qk I Cancel | Lpnli |

Idle Mode Functions

When the mobile station isin idle mode, that is, no call is currently in
progress, it can be locked to a specific control channel. Thisinhibits all
control channel reselections. The selected control channel will then be
used independently of the signal strength and quality of current
neighboring cells.
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Dedicated Mode Functions

When the mobile station is in dedicated mode, that is, acall has been
established, its handover behavior can be manipulated in various ways:
» Force handover to a particular frequency

» Prevent handover to specified frequencies

» Disable handover altogether

GPRS Functions

The set of GPRS capabilities that the mobile will report to the network
can be edited. By changing these settings you can simulate a mobile
with more restricted capabilities than the R520m.

Thelevel of quality-of-service (specified in the subscription) that the
mobile station asks for in its PDP Context Requests can be changed.
That is, the reliability class, peak throughput, etc., can be set to avalue
different from the default.

HSCSD Functions
Like the GPRS capabilities, the HSCSD capabilities reported by the
mobile to the network can be modified.

Other Functions

» Redialing of last call/termination of ongoing call

» Redialing on dropped or blocked call

» Automatic answering of incoming calls

» Switching C/A and C/I measurements on and off

e Simulation of higher power class (e.g. Class 4 or 5 for a 900 mobile)
» Force use of frequency band (900, 1800)

« Additional quality measurements giving more accurate RxQual

* Viewing and editing of SIM card information

» Selection of speech codersto be enabled in the mobile station (EFR,
FR, HR)
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Command Sequences

Command sequences are used to automate testing. They allow the user

to record in advance all the commands that are to be given to the mobile
stations during adrive test. The command sequence can govern not only
calls but also cell reselection and handover behavior, aswell as C/A and
C/1 scanning. If several mobiles are used, they can be made to call each
other automatically.

Thisisthe dialog used to compose commands. Here, the mobile station
MS1 isinstructed to perform cell reselection to the control channel with
the best C/1 (according to the measurements of MS1 itself).

L MST >

Lammand I Forze reselection from |E j
IE T/l Eest ARFCN

Argument I 0 j
M3 [M51 |

Cammand line

tM51 Force rezelection from [E: C/l Best ARFCH O #5717

tadpbove | | AddBelow |

Cloze |

Example of Command Sequence

Etummand Sequence: [ping_pong.czq]

B == INEE e et T
| M5 | Command | Stahus | Fepeat counter |
ST Dial: 000703202545 Finizhed 1[20]
M52 Answer call Finizhed 1 [20]
= M51  wait 31 [90] Rurning 0720
M51  Endcall Mat Started 0 [20]
= ALl Senchronize Running 0 [20]
M52 Dial: 0007052911143 Mot Started 0720
MST  Answer call Mat Started 0 [20]
M52 Wait 40 Mot Started 020
M52  Endcall Mat Started 0 [20]
Sequence Started [nterval 000005

e MS1 makes a call to MS2. MS1 ends the call after 90 sec.

» The two mobiles are synchronized before the next call.

« MS2 makes a call to MS1 and ends it after 40 sec.
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The execution of a command sequence can be conditioned by the
occurrence of events (predefined or user-defined). A number of ready-
made command sequences for common tasks are delivered with the
application.

Monitoring of Layer 3 Signaling

Layer 3 messages sent and received by the mobile station are listed in a
message window. Individual messages can be inspected in unabridged,
plain-text format:

EH Layer 3 M[=] E3
Source | Direction | Meszage AI

k51 [ plirk, Handover Access
M5 1 I plink. Handover Failure

k51 Downlink,  System Information Tepe 5
k51 [ plirk, b eazurement Re ¥

eszage Details

k51 Diownlink,  Systemn Informatic

k51 [ plirk, b eazurement Re

k51 Downlink,. Synch Channel MG 1

k51 Downlink,  Synch Channel | Handowver Failure
k51 Downlink,  Systemn Informatic| Time: 07:58:34.93
M51 plink. Measurement Be Latitude: M 65423440

k51 Downlink  System Informatic Longitude: E 02747 9857
Speed: 28.140111
Frame number: 9396302

Cause: 111, Protocol erar, unspecified

hezzage dump:
0B 28 &f

Control of Layer 3 Signaling

The GSM version of TEMS Investigation provides a number of waysto
control and manipulate Layer 3 messages exchanged between the
mobile station and the network. Operations such as* Send”, “Discard”,
“Delay” and “Modify” are applied to individual Layer 3 messages, and
these operations are arranged in sequences. The execution flow of such
sequences may be modified by introducing loops, unconditional jumps,
and anumber of other constructs (see below). The operation sequenceis
downloaded to the mobile and is run there.

Layer 3 operation sequences can be saved to file and reloaded or
distributed among other TEMS Investigation users.
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Available Operations
Uplink and Downlink

Observe: The application waits for the message to appear before
proceeding.

Discard: The message iswaited for and then discarded.

Modify: The message is waited for and then modified according to
user instructions.

Uplink only

Delay: The message is delayed for a specific length of time.
Send: The message is sent.

Auxiliary operations

Repeat: A part of the operation sequence is repeated a specified
number of times.

Wait: The execution of the operation sequenceis halted for a period
of time and is then resumed.

Sgnal: On reaching thisoperation the user is notified, for instance by
an audio signal.

Attributes of Operations
Attributes can be added to operations in order to alter the execution
flow.

Go to Line: Unconditional jump.

Or: Combines the operation with the following one (several Or’s
may be used in succession). Operations joined by Or’s are treated as
aunit, and the one whose message appearsfirst is executed, the other
ones being skipped.

Filter: An operation (or a series of operations) tagged with Filter is
executed repeatedly until a message arrives which triggers the next
operation in the sequence.
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Example of Layer 3 Operation Sequence

The effect of the following example sequence is to change the
Classmark of the mobile station. The mobile will register asaClass 1
mobile, although it is actually Class 2.

E Layer 3 Control Mi=] E3

A =2 = | = N e e B B2
J Seq | L3 Meszsage | Command | State | Attrib
|j 1 Ch Service Request bodife UL Tl ig ignaored nore OR
|j 2 Location Updating Request  Modify UL Tl iz ignored nore OR
|j 3 IM5SI Detach Indication bodife UL Tl ig ignaored nore
4 Mot Meszage Bazed Repeat from seq. 1to 3, BB535tme:  none

Changing the Classmark is done by applying a Modify operation to
one of the messages in lines 1 through 3. These messages are the
ones that involve registration: CM Service Request (initiation of a
connection), Location Updating Request (network registration), and
IMSI Detach Indication (network deregistration).

The Or expression waits for any of the three messages to appear,
and when this happens, the Modify operation alters the
encountered message (by setting the “Revision level” to “Phase 1”;
see GSM 04.08, section 10.5.1.5).

The Repeat on line 4 causes lines 1 through 3 to be repeated
indefinitely (that is, until the operation sequence is stopped).
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Channel Verification

The Channel Verification tool alows you to check the availability of a
set of FR or EFR traffic channels, typically those used in acell or site.
Each timeslot can be verified separately. TEM S Investigation lets one or
several TEM'S mobiles make calls repeatedly on the chosen channels
until all timeslots of interest have been tested.

Verification is either manual or automatic. If you choose manual
verification you monitor each call in your preferred manner, for instance
by listening to the downlink quality, and indicate yourself whether a
timeslot is acceptable or not. If you choose automatic verification,

TEMS Investigation decides whether to accept the timeslot, basing its
decision on a check of the call setup signaling.

Verification sessions are prepared and run in this window:

Ehannel ¥ ernfication =] &3
Cller| & ElEEE Bl Bl &) )
‘M3 | BocH | TeH | TS0l Ts1) Ts2) Ts3| TS4| T55| TS6| T57) Status |
=+ M51 13 13 _ _ 2B 3= 4 5B £ B 7 Testing
=+ M51 13 a7 1] 1 2B 3= 4 5B £ B 7 Testing
=+ M51 13 43 1] 1 2B 3= 4 5B £ B 7 Testing
M51 25 25 _ _ 2 3 4 ] B 7 Mot tested
M51 25 ]| 1] 1 2 3 4 ] B 7 Mot tested
Confirmation mode: Manual Test phone number: 454

The cell described by the first three rows (tagged with blue arrows)
is under test. Manual verification has been chosen. Frequency
hopping is used in this cell (as shown by the h symbols), so any
timeslot tested will be verified for all three TCHs at once.

At this point, the user has accepted the performance of timeslots 3
and 6 (green markers), while rejecting timeslot 7 (red markers).
Timeslot 4 is currently being tested, which is indicated by question
marks.

On completing the cell with BCCH ARFCN 13 the test will proceed
to the next cell, which has BCCH ARFCN 25 (last two rows).

At any stage of test execution, an HTML report can be generated
summarizing the results obtained so far. The test can also be saved to
file, complete with results and current execution status.

It is possible to speed up the verification process by letting multiple
mobile stations make callsin paralel.

ERICSSON Z



TEMS Investigation Product Description 29

Frequency Scanning

Using either a TEM S mobile or an external frequency scanner (the
TEMS Scanner), the user can measure and monitor the signal strength of
agiven set of radio frequency carriers (channels). The channels are
identified by their ARFCNSs; the BSICs of the base stations transmitting
on the channels can also be decoded.

Channels sorted by
decreasing signal strength Decoded BSIC

A=
e = ) Pl dal ») ¥ v

Chanrel | 55 (dBmi|  BsIC| ]

23 94 28

a0 -85

21 A o =

Ci-2  Chad Clas+l Clas2

-2 24 A3 28
Device | Measurement Settings | Charinel 14
gal M51  Manual selected 55 [dBm] B2
”MS2 MNat assigned

|

Current tasks of mobile stations C/A values for selected
channel (14)

The set of carriers to scan can be defined in a number of different ways:

* All channels (i.e. as many as the mobile or scanner is capable of
scanning simultaneously)

* An arbitrary static set of channels

» All channelsin use within a specified radius of the vehicle's current
position (requires cell definition file and GPS unit reporting speed)

» The adjacent channels of another mobile
In the last two cases the channel set is dynamically redefined according

to the movements of the vehicle and the behavior of the master mobile,
respectively.
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Three
strongest
scanned
channels

Advanced Scanning Options

BSIC decoding

Adaptation of sample rate to vehicle speed (requires GPS data) or to
an assumed fixed speed

Sample averaging in mobile station

Presentation Options
Bar chart (default) or line chart (see below).

Frequency Scanner

e T e

Bar Chatt #, Line Ghart

Channel

ETY
105

31
108
07
39

108
109
an
108

104
-1n2 T

3

Cia-2 C/A Cia+l

Device | Measurement Settings

4

I MS1  Manual selected

Chanrel
S5 [dBm)

Channel display options:

All scanned

All stronger than a dBm threshold
All weaker than adBm threshold
N strongest

N weakest

Serving cell BCCH and, in dedicated mode, TCH (the whole list of
TCHsif frequency hopping is used) + adjacent channels of the
BCCH and each TCH

Handpicked set of channels

Channel sorting options:

By channel number
By decreasing/increasing signal strength
By frequency

By the neighbor list of amobile: First serving cell BCCH, then
neighbors by decreasing signal strength, and finally remaining
channels by decreasing signal strength
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Predicting the Performance of a GPRS Network

In GSM networks not yet offering a GPRS service, TEMS Investigation
can estimate the performance achievable on afuture GPRS packet data
traffic channel. Thisis done by analyzing measurements taken on the
GSM speech channel, which is sufficient since GPRS shares the
infrastructure with the ordinary GSM network and, crucially, uses
exactly the same radio interface.

TEMS Investigation presents estimates of throughput and block error
probability for each of the four GPRS channel coding schemes.

GPRS Prediction [M51] M=l E3

g

Kl | o)
| IE | W alue |
m Pred. GPRS C5-1 throughput (kb= timeslats]] a.00

m Pred. GPRS C5-2 throughput (kb= tlimeslats]] 11.39

m Pred. GPRS C5-3 throughput (kb= timeslats]] 11.70

m Pred. GPRS C5-4 throughput (kb= timeslats]] 273

1] | |

This line chart compares the performance of the GPRS channel
coding schemes (CS-1 through CS-4). In the first half of the shown
time interval, the radio quality is good, but towards the end it
deteriorates considerably. This is reflected in the curve for CS-4,
which offers the highest peak throughput but also gives the
weakest error protection. CS-1 and CS-2, on the other hand, are
very robust, maintaining a near-constant throughput. CS-3 lies in
between these two extremes.

The bottom pane shows the throughput values at the time instant
highlighted by the thick vertical line.

For further information on GPRS performance prediction, see the
document “ Estimating GPRS link bit ratesin TEMS Investigation”,
EPL/T/R-00:051.
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Logfiles

o B n |G

Recording toolbar

Recording of Logfiles

All collected data can be recorded in logfiles for later analysis. Datais
written to filein a manner that minimizes therisk of losing datain case
of, for instance, power failure in the PC. The following options exist:

» User comments can be entered after concluding arecording

» Filemarksfor tagging interesting segments (free text or, if preferred,
simply integers)

» Pause/Resume: The recording can be paused and on resumption
continued to the same logfile

* Quick logging: Thelogdfile nameis created automatically, and the
logging starts at once

» Lodfile swapping: Thelogfileis closed after reaching a specified
number of messages, and the logging continues to anew file

Replay of Logfiles

Logfilereplay is handled from a toolbar which provides the customary
“tape recorder” functions, aswell as some others:

El M El El Replay toolbar

« Play at ordinary speed (customizable)

* Sepone TEMS mobilereport at atime

» Fast-forward the logfile

* Rewind to beginning of file

* Find: Search for atimeinstant, event type, Layer 3 message, Layer 2
message, or mode report

File replay is stopped automatically on reaching the end of the logfile.
Once the wholefile is loaded, browsing the fileis carried out in the
presentation windows and not from the toolbar.

Export of Logfiles

Logfiles can be converted to the following formats:
» Plain-text (ASCII) file

» Plain-text scan data (. scn) file

The text files have tab-separated columns and are thus conveniently
viewed with a spreadsheet program.
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Logfile Reports

From one or several logfiles the user can generate areport in HTML
format which summarizes the data in the logfiles. When the report is
ready it is opened in the default web browser.

Report Contents
» Date and time of report generation
» Names and total duration of logfiles

» Bar chartsfor SQI, RxQual, RxLev, TxPow, and TA (see example
below)

* The number of times SQI, RxQual, RxLev, TxPow, and TA have
satisfied user-specified threshold conditions (up to two for each
parameter)

« Event statistics: number of call setups, dropped calls, blocked calls,
handover attempts, handover failures

100
a0
80
70
&0
&0
40
30
20
10

Cumulative
relative
frequency

Ya

Mo of samples

RxLev chart in logfile report.
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Import of Cell Site Data

TEMS Investigation can present data on the cell sites of the
measurement area. This requires loading of a cell definition file:

EEE“ Definition - [Network A_cel]
D=3l BleE
Marme | Bsic |arFch | o | ac | Muc | MEC | Lat | Lan | Meighbors | =]
Hospital 21 12 1383 1038 1 123 N BOS0.0510 E 021147470 yes —]
Th-tower 21 34 1384 1038 1 123 N BOS0.0E10 E 021141270 yes
Downtown 21 634 1385 1038 1 123 N B0505240 E 021151920 yes
Airport Morth 22 16 1401 1088 1 123 N B043.0110 E 02117.3570 yes
Airport 5 outh 20 23 1402 1068 1 123 N B043.0110 E 02117.3570 yes
Highway E4'west 21 31 1418 1068 1 123 N B100.4640 E 02114.3150 yes =
In the presentation, the cell site data shows up in the following places:
* Map window: Site positions along with indication of current serving
cell (see page 14)
» Serving + Neighbors status window (see page 16)
The cell definition file, which isstored in text format, can be built up by
entering the cell site information directly in the Cell Definition window.
However, for large sets of cellsthisis cumbersome, and it isthen more
convenient to assemble the cell definition file with some program
suitable for editing text files (for instance a spreadsheet program).
Events

Events signify various interesting occurrences, mostly relating to the
operation of the mobile station. Events are presented

» as symbols on the map (see page 14)

» assymbolsand vertical linesin line charts (see page 13)

» (optionally) by means of audio signals

A number of common events are predefined: see below. The user can
also define his own events by composing logical expressions, which
may contain the following types of trigger conditions:

* Occurrence of other event

* Appearance of Layer 3 message

» Changein value of information element

» Value of information element meeting threshold condition
(>,=0r<)
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Allowed logical operators:

« AND
* OR

« XOR
* NOT

Example of User-Defined Event: Noise Indication

C1 Wrst < 10
AND
RxLev Sub (dBm < -99

Two common causes of poor C/I values are co-channel and
adjacent channel interference. In certain circumstances, however,
the main problem is not interference from other callers, but the fact
that the signal is overwhelmed by assorted random disturbances —
i.e. what is usually called “noise”. This means thermal noise
generated within the circuits of the mobile station, as well as
external background noise from a plethora of sources, including
other man-made signals so faint that they merely add up to a quasi-
random disturbance.

The event above gives a rough indication that the poor C/I is
probably due to a noise problem: the poor C/I coincides with a very
low signal strength.

Some Predefined Events

» Blocked Call

» Cal Answered

o Cadl Setup

» Cadl Hangup

* Cell Reselection

» Dedicated Mode (i.e. dedicated mode entered)
» Dropped Call

* Handover

» Handover (Intracell)

» Handover Failure

* IdleMode (i.e. idle mode entered)
e MS Connected

» MS Disconnected

* GPRS Attached

* GPRS Detached

* GPRS PDP Context Activated

* GPRSPDP Deactivated

* GPRS Routing Area Updated
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Product Package

Accessories

The TEMS Investigation base package holds the following components:

CD with TEMS Investigation GSM PC software

TEMS Investigation-specific TEM S mobile station (R520m),
including battery and wall charger

Dual port seria cable

Cigarette lighter adapter

Car holder, HCH-22

Triple band magnetic mount external antenna
External antenna connector, HCE-12

TEMS Investigation user manual

TEMS Pocket R520m user manual

A troubleshooting package and a drive test package are also available.
Please contact Ericsson for further information on these.

In addition to the standard packages the following optional items can be
delivered:

Additional TEM'S mobiles (R520m)
TEMS Scanners

Equipment cases (Slim Case, Drive Test Case)
Serial cables

Cigarette lighter adapters

Vehicle phone holders

Externa antennas

Internal antenna adapters

GPS units

PC cards with serial ports

USB hub with seria ports

Pen tablet computers

Please contact Ericsson for further information on the available
accessories.

ERICSSON Z



TEMS Investigation Product Description 37

Hardware and Software Requirements

GPS Protocol

IBM compatible PC

For a single mobile station and a GPS unit:
Pentium 11 266 MHz, 128 MB RAM

For afull configuration (four mobiles, one scanner, and a GPS unit):
Pentium [11 500 MHz, 256 MB RAM

Ports: One serial port for each connected external device, except
GPRS mobiles, which require one serial port for TEMS Investigation
and one for connecting to GPRS

Sound card and loudspeakers

Graphics: 800 x 600 (SVGA) with at least 16 bit colors (High Color)
Windows 2000, Windows NT 4.0, or Windows 98

Internet Explorer 5.0 required for Report Generator and online help

The following GPS protocols are supported:

NMEA-0183
TAIP
TSIP

However, some other GPS units not using any of these are al'so
compatible with TEMS Investigation. See below.

Recommended GPS Receivers

Training

Trimble Placer 455/DR

Garmin GPS 12 XL

Garmin GPS 35

Garmin GPS 45

Magnetti Marelli RoutePlanner NAV 200
Bosch/Blaupunkt Travel Pilot RGS 08 Professional
Bosch/Blaupunkt TravelPilot DX-N Professional

For information about training, please visit Ericsson on the Web at
WWW.ericsson.se/tems/contacts.shtml.
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