B SR E A EAR S BRE S

(BB - #5)

ALZREL - W - BB ERE ARA K B3G RS

FHRHAALR/4(F) AER
4 30

B PREEITES LA
HRABE B I RE
el FANE S

BB Es AR SRR 1B H

HEHM A9 F9A1IBEINF9ARALL

g am:9223A38



FIH H#1H

FRAERR7:C09103791
~B O B W EF R E
v HE 101 S 2
A

EPERNGRER ~ 278 - TEED B S KRGS EBIGE

RN

HEEETEEEIAH
YN

B H 23442808
HEAE:

EFE HEEECEEGESAT THE BR
HIBER: Z8

B 5 B AR

HEHER: EEIFE 0B H-EEE0 H0BH

WEHS: ERRNREMBHOBH

SY¥EGR/H: H6,/Bi§ H6EfF

g  B3G,WCDMA,LBS,MNP,IponAir,FleetNet, Telematics

AARE. AN T SIEET RITHREEHMBBEN - S1E7 ERFEERE LR
HEARRBEFHTRLEEREFE - FrEvBERE - RR2ESE
REBTEIESEEWE OEAREL > HEmRSEEFRRE B =TT
EBERKCO B EHEHIEFE - RERSHERGTILREEFRHE
FRSEENF—RITHERBERE » TRIEABEEARERWCDMAE
HE R HAEBIGZ Afh - PR LNERR < 388 - WLANFI{TEERE IR %
& ~ OSATHTEIEZEERZT A - Ad hocHER& BT -~ FfEAR/ M (new air
interfaces)Z FHFEiEE) ~ BAGZ IRFSEEFER - fTE/EGES B s T—
R RS > REFNEERE - XS RRAAEER
A | RS T(E A FIRFET 223G and Beyond * OSA, OMA and other mobile
application platform issues ~ Number Portability2%58 : 2>BiNokia/Z\ EJHaT=2 3G
Strategy and Market Making ~ Vision for 3G Network Evolution * Beyond 3G |
Radio Researchz®#H K A EEE T /A F]Z Siemens’  View on Systems beyond
3G ~ Towards Distributed Network Architectures * FleetNet - Internet on the Road
EHE -

FXEFHRE HEENEREETE

http://report.nat.gov.tw/cgi-bin/cat_modify 2003/3/3



#H %

BBEFEEREAT—SBERBEERALETE > BAKkERE
At—FHIRA—BENB » £HARCEITE) > AL~ 58 -
B EE R R BIG i AR EMAH WCDMA R A A
B3G 2 A& 1P BolB 2R - WLAN FiT8H BB R E
A ~OSA#u 78 EXMEA T4 -~ Adhoc @RF L EE - LB
& (new air interfaces)Z M %758 - BAG ZRFBAERA ~ 78T
RETHEMER T - REAKEABIEREHE -

AREBUEARNZEE > &3 RRBHALE2IHARZ
3G and Beyond ~ OSA, OMA and other mobile application platform
issues* Number Portability %78 ; &~ # Nokia / 8) 531 % 3G Strategy
and Market Making + Vision for 3G Network Evolution ~ Beyond 3G
Radio Research # AN E B ®F]F /8 2 Siemens’ View on
Systems beyond 3G - Towards Distributed Network Architectures »
FleetNet - Internet on the Road % 3% 73 -



2 2~
E)

Ry

ANEAERERITEHBERGERAAR I ERHAE
FRE URHBENEAZIHAEREEREZFH - HENE
TERH > LRASEOHVEETHTHEHHBECALE S » KM
BEATEEHEIMAFE ZRAHEE 2H0CCG)E EHBHAZE
¥  ARFERINBRHNURBEPLPRBERRAEAN —RAH
RIARIE R T A# R E12 XBA B WCDMA #i# & £ 4 B3G
zZfA6 TP BoEBZER - WLAN fi8 S mpz 24 -
OSA #0478 T EA F4 ~ Ad hoc BB EEE - MELEN G
(new air interfaces)Z M X% - BAGZRBAEBEA - T7H T 2%
BTHEER T —RECERZERBEE  RENHELRE -

Ovum Fa4% 2003 56 A AT 23K 3G A A #4432 1140 ¥
2005 & A7 4% 3% fmif 6640 ¥ 0 £ 2007 & 1 A Ay 4442338 2.5 /& -Ovum
FlEfds g 0 BERIR 36 A MRk - Bt Rap@
15 /> 8 £ & # 3G and Beyond ~ OSA, OMA and other mobile
application platform issues ~ Number Portability 378 ; % 3 Nokia
/8] £ 3 3G Strategy and Market Making~ Vision for 3G Network
Evolution ~ Beyond 3G Radio Research 3578 ; W& B &FI-F 3 £
Z % Siemens’ View on Systems beyond 3G - Towards Distributed
Network Architectures - FleetNet - Internet on the Road % 3548 # 17
FR AITRARESHBALHLT

98018 -95028 * £
98028 -9R8028 Ericsson 2> 8] # £ B3G & NP H 47
9038 -95048 Nokia 2 8 # & 3G T3 # B R
98058 -9A8058 Siemens 2 8] & £ B3G A TH &
98068 -9 4068 # B NOC # ZermEsn ¥t £
9A078 -98088 B2

AREZWHHAENZERBREATHY > 25N 8 3G T
HERAY - BIGHRERF @ ~ RAETHENP)EH - REHK
EHRBRNEE  AEHRFAHEREHFREBAINZ TR
=R A8 -



AE
- F
- SR, -
I

B &k

3G THERMAE
AR %
KRNI
KRR R

B3G R R T @

— ~ 3G and Beyond

= - High Speed Downlink Packet Access (HSDPA)

= - HSDPA #3%

g ~ Wireless World Research Forum — WWRF B 4%
i ~

Research topics of importance

< B3G 8REMAR
+ ~ IPonAir/Wireless Routing and Mobility

A\

F=F

Beyond 3G Project Air Interface
478 B35 %A T #§ M (MNP) B

— A EERETHEEEZE

~

Eg\
i\

B EERSTHERERMALEZE

THBERETHMEDE]
TEHEHRAHTHEERE I
7% 8 % 3745 77 4§ 1+ Benchmarking

X TG TEESTEEREE RS X

4

¥wE

B EITEH T ERETHELERBITR
ERpEE R E

— ~ Inter-Vehicle Communications Platform
= ~ Applications
= ~Challenges

BR AR

M 8%

i

N SN DN

10
10
11
11
11
13
14
14

17
17
17
18
18
19
19

20

20
21
22

23
26



%—% 3G THRERAY

-~ RMBE TIHTRRA

LB 0 2002 % 3-8 Sonera fu B IL F Telefonica 44889 3G
e o7 AEBYEAERRAAE 3G EH RIAIMELSE
BB BERE - = ZHEATRMER 3G B HE - ERAFHK
BRIE o EHAREE 36 AEuRHT  HTSELARSHTR
B FrosAe E SEEH BAIGHRBOEXLFLICERE
RBWH B A G RAKBR 0 o REAIR I TS
BT GBRAAME EXHFKBHAEL EIFERMNELE
LEBRFIEE—8 c SHEMEEEFARER 1,500 BT
B 3G HBABEARE G  KAFEHE AN EMEER 3G
d 345 e § 3 BT E15 %% Telefonica & % 8 €12 ¥ & Sonera
BRATEH » A% 36 TEHE > FH US| B FRES
BB A RAERNAT S B M E SR c HEZF R 2KEF 30
BREHEX 3G AR AmB AT CHBERETERFEER
A& NTT DoCoMo KDDI~ 4 B SKT %V # SR % R KA 7 >
H R Ao R B 12 A 2003 £ % — F R 3G MRAF - FEHAT
BFERN  RHEZLHOEFATGEEAN 3G T3 54
15 (Ericsson) ~ 3% % (Nokia) - B4tH# (Motorola) ¥ 3%
BRBHSTER ) R EFRMHBEN 3G RRE - AEM
Bl RIR S AN EERBITELGRFRTHENEERS
£ 2 4 WCDMA % & F 4o cdma2000 3B & F AT » H4115 ~ 3%
A 7% 3% WCDMA A2 e ¥ 5 1 ST B X -&RMATH £ X312
HE K 2.5G B 3G BRF A A 12 RFH 20% K MATEHRE
AEEriRMmEST A 2.5G F0 3G BRI - RMATEHEHTH
B AR A B EEE 16 RALHEHACHES RIER F#Y
Wik 72% > 4338 1.9 A - EATHBEEA TH - SMS Z%—
B BEREER T oIk E T RA o #4445 WAP-enabled 4
3B 23% 0 B R A 3%EhiT 8 A HEA WAP -

BEAEEH AR EERER R BEEXERT
WU R RA o BB S MR R RB AT —RATH
FHALRER - BHREHTHENE FBRE > 12 3G RFF
BTHBESEARBAERENEEZHAE - R4 Ovum 17
402003 & 6 BRT 0 2FK 3G g9 £ R EHE 1140 ¥ 0 2005 F
45 3 hoik 6640 ¥ - E 2007 % 1 A AT#FAR8 2.51 4% - Ovum



Bis i BEMAEIR G R MR £ - @B EHALIGHESB L
BRBTHELRA MEMEARBEENAEAE  ¥3KT2HE
EREEPERITANFREN ARAKBHBBUAFS L
RAFE-H 3G HERABAELHA A 3GRERAN 2G>
B EZRFETHE-—MEAMN A IGEBZTLARE > &
AMEHERSEE - B4 ERRHNUTHACKE > ¥H LA
EEAHRBEME R —HERETESE - Bt —HBRETR
BRIBENBHZE  TRRHEARMRELE  RAHRERETX
ARH -

Worldwide subscriptions forecast (millions)
(As of May, 2002)

-
1800 Mobile
4
1500
1200
i Fixed
900 (POTS/ISDN)
600
+ R Fixed
300
Broadband
A : t : t——r
0 (Cable, xDSL,

2000 2001 2002 2003 2004 2005 2006 2007 (Ypas-ensiy)

=~ RRTHBERIH

BATERM R FAER FROASTALBER PC A 14
FHMM (SMS) AP HEBELLRBBEREITHMAL - 5%
2002 FATHBAEEBBEERESZE AT RAARBHGRELT
R 2R ¥ ERMnAREE R - =R TEZMAE
ZARE > ERRRAENCESHRGENEARRT XY E
¥ %5 /14 18 » any where - any time ~ any content ~ any one ~ any
medium ¥ < B A R BESE A BHRA—BSHEROER
IR R e iE 57 & ¥ % &) content $2 service #5 € ) St 42 4
R MR AR AR RAEK - EARXEEEER



o ERE -

% 3G B L4 > SO AE 5~10% 8 A T35
R2SCHMER HFHRLEREFRHBALTREANFT D F5%
BRI ARIN AL REMRNECTEHFENH25CHRRAER
Tk B E 3G IR 0 ARI|HEERR HEREHR
AR — RILE, °

3G F#MEBRNEH S EEAERB KB Nokia ¥ ¥4 F
o R e R A EH R BRABRRF SRR ML E 3G &
Rehiiz - 3G B RE > BR25G3GHEERA G TRY
L4 Bl N B FREEZHERARRNAE $FH 0 RERS
25G 2% A FEE 36 A4 FEBEROBEKAN  HEE
MREENEYFEHRE > wk 256G 3G BB FHAEES -
HGEELR AR &g 3G SR Bkt - 3846
B FHRBRAETE 2003 £ L¥HE MIGEAFRELTEL
2003 £ TF M ERIIABTAPERAE -

THREANAR  THEEURBETHETASAQKE &
MR C2C CHEZEMHEES) B2C(L¥RHE#) B2B( ¥
SA¥) - BZELESET) ARG ERZKMBEERER AT
HEEAHEMMAGEER AHERE - RRAURCERPAEH
R - Bk AREBLE - AEREE - RFREE LS
EHLEZERRES - A A BMEAF  KLFELFE - £
BHOBMEEX FREEERAS -

ERRBRHBUE
LA AR SR AR

AR 2G —F AL TEE, AX 3G HRIRA
#EA LA TBIE, ok BB ETEES 386K 2
oM thE 488y ADSL R4 8 - ¥R LT ERATHRFTR
BRAK HEESEANKRESRRETH  REMEHH A
AME R RBH AR R AT 8RR R — B
B - BAT&M 2G BT HR ot ARHMNA P B
BAELBU EHAR EHX R E ERRFHAER
Bt  cRARNNEEELECEFATHE-F  FBM
FhAHRBERBEL RERATEAREVRERED
ERM ATREG SR EEEAENBRXGERE TEESB



A B RIS I 0 Rl R AR AR B MA LI FRI
MR LI FARFELEEEAENEERENT N F
TR R A & 1 & o

A TRz ETAERAAC EANE 0 BREERS
(service) #o & Al (application) #4# X - F738 TIRF | # T &
A BN EREB AR A AR 2R B BGRB8 R
A BEEGRA ERERRENR L BATEEM 8 A0
BFREABRA TRASNBESFER@ELNAE LR
AEGEANEE  BEBRBRERT FHARRERBEL R
TOMABATERE ~uEs ~ AHM - TREFE -ARK - F
B BEBAITRZE Rt wfHEEIIANTHR
BhERERAELESENL ¥4 LS L F S BiEaH
BA RATHEBERBEAR=ZEBERAETRBEAORK -

R 2 e B B R B RO ETATE A P TR 893
EERRES - G BEHAENE I FEEHNARLTRRD
HRBETERBARTLEAHERART TR ERAPF A
SHMERBAEZRLARATH Bt BENHEZTRE
B&AM (Video) MRFs > & 42 48 IS 482 (Wireless Internet) ¥ &
RS BBBAY - HH ARG A FRMEE Internet B EHF
B o B LA TR 13 Ao IR 438 R 474 Wireless Internet AR
BRERAHIGCGHBRER -

2EZBMBAS

BN EZRITHREAGEBERSERRE - ZEX 5
WEER - RAEESH  BALESH BREEHS XA
BEERESE AUNRABELY  REBMTEIES
FE LM R AR -

AR 3CHREGSMEL  @RERTHL  FHE -3
B RERBAIL s kR 3GELFLRLELCAGRERE - F
M R RRFS I RR S AEB AR MA & EE
AME~ I ERIIAUBRBEAER - LR E =RTHELR
BRBER 83

(=) T8 L4 MRERRTHEBSLLERRRRRRY
RIBARR 0 BH EARLMITH EFE A LR AR
%o TS ERAERERAES TARE A -



(=) 4783/ % (Mobile Office) : 3G &S TH B LA 8
B(VPN) RS EE P TUMBGEbEESCERIE
%5836 FRITHAREE BFLPEEZTUEFRAR
T o

( =) 7% € F ¥ # (E-Commerce) : RAAATEHRAT THIRF
BIBY TR TEE  THEP TUEBREBLR M
@y -

(mw) 4&k4x B #1422 AR F%5(Location Based Service ; LBS) : LBS
TRAR S FEER - FIBIARE - B b -
TR B F R 248 B S RFE

(&) #4-3 A (Unified Messaging) : 24478 X F AN E
FH4 R HMEMS) - Y E(VMS)EREER
HEELTARHEBEHEUREREL S TILHNE -

(75) #R|(Telemetry) : Brdo 8 $8% & #4 ~ K&k ~ Esk -~ BIof
SRERARFREEHZITRRAE

() %7 & MR 4% 4 AR % (Entertainment Services) © ¥ i&
3G FH# > BB T A L@MEEr e - BT
o BWMKE/RAFFE A - EBRBI - RMBTITHR
TE > XTHEMPITLBEE -HELBRF REMK
HRITHERGEEBRE RETULERERMTRA
TR R RATAL R 4R % -

(A\) Hum - #HA 3G HEAENE ) FTRRBEE LB
M ATRME S BEHE RBBERRERE -
BRE KA SR R TR R R 3

TUMBHRBRERENSEE  RERABHFELEH &
BEUTHENOGEARMEAFTL MHAKREFE R £8ER
HE -HEAMBLEYTES A REABA LA
PR E R ERRE B BEALE MR 0 RAAEHHK -
—BRE ARAH TR CREINBATHAZM  EEHK
TYRKBAEK RARLRHLETRE - ETHRAARY
AERE PHEETHBEANAEHERMEYE -



F—F%F BIGHABRT®

— ~ 3G and Beyond

B3G 2R BHREBE A E UMM GSM X F

+ SAIR from Ericsson

- Advanced signal processing technique

- Interference rejection with only one antenna!
+ Adaptive Antennas

- Up to 200% more capacity

- Step by step migration

+ 20% penetration => up to 100% capacity gain

« Cannel Allocation Tiering (CHAT)

- Interference diversity

- Interference suppression

- Interference avoidance

= ~ High Speed Downlink Packet Access (HSDPA)

« Enhanced support for downlink packet data for WCDMA
- Higher peak data rates (~10 Mbps)
- Higher capacity
- Lower air-interface delay
+ New transport channel HS-DSCH
- High Speed Downlink Shared Channel
- Higher-order modulation
- Fast link adaptation and fast channel-dependent
scheduling
- Hybrid ARQ with soft combining
+ 3GPP Release 5 (March 2002)



pdf
Current WCDMA

HSDPA scheduling

Bit Rate

= - HSDPA ##

« Best-effort packet data service

. Co-exists with speech-service on same carrier
» Support High Peak-Rates

- 2-3 times higher system throughput

- Low delay ---> interacts well with TCP/IP

g ~ Wireless World Research Forum - WWRF B %

Secure momentum, strategic orientation, and impact for the
research on wireless communications beyond 3G ; Evolutionary
steps of 3G as well as new concepts.

A ~ Research topics of importance

1.Data rates for 4G
- Extreme peak data rates
- Target > 100 Mbps (downlink)
+ Good coverage for very high data rates
- Also for high speeds and substantial time dispersion

2.Continuing challenges
+ Multiple Access and Modulation
« Channel Modeling
« Spectrum Flexibility for 4G Radio Access
- Efficient use of the spatial dimension
+ Fast Resource Management

3.Multiple Access and Modulation
- The bandwidth of 4G might be 10 times larger than WCDMA



+ Candidate MA schemes:
- Single carrier DS-CDMA
- Multi-carrier DS-CDMA
- OFDM with spreading in the frequency domain (OFCDM)

4.Efficient use of the spatial dimension

« Interference management with multiple Tx and Rx antennas
integrated with radio network functionality
- Adaptive antennas, space time coding, MIMO transmission
- Combined with rich feedback and fast scheduling

« Different antenna concepts complements each other.
- When to use which scheme for what?

+ Advanced antenna solutions is a core component in the design
but optional to implement.

5.Fast Resource Management

« Resource management interacts closely with physical layer
- fast and characterizing measurements
- fast control and reconfiguration

« Adapt to instantaneous and not average radio conditions
- exploit multi user diversity
- exploit the frequency dimension
- exploit the spatial dimension

13



& ~ B3G # 4 &5 % (Radio Research)

1. Mobile Radio Systems Generations

1980 £ | 1990 £4 | 2000 4% | 2010 4

1G: BB EH |

|2G : $nBE RATH B

25G ¢ H A HER
Always connected

3G FHBARS
R

3G Evolution : IP #33%
& higher data rates

2. Nokia Z 3G Evolution

« Nokia 3G is clearly ahead of competition, Nokia WCDMA R4
is some 0.5 year earlier

« Nokia 3G product range is clearly the widest in the industry

« Nokia 3G solution has the most comprehensive functionality
and feature set

e Nokia is one of the most active companies in 3GPP
standardization

3. Nokias’ view of 4G Trends and Drivers

¢ 3G evolution is based on the combination of existing

technologies like cellular as main interface and WLAN for
hot-spot usage
¢ 4G (ak.a. Systems B3G or Systems beyond IMT-2000) is a

research topic for mew air interfaces and systems to be
considered after 2010

« Streaming and fast download of medium size entertainment
material(MP3, good resolution video clips, 3D)

o Transport and last hop transmission for very high throughput

are also issues but need to be developed for 3G evolution
already

4. 4G radio Research Positioning

e Up to 100Mbps/1Gbps carrier bit rates in wide/local area
deployments
e Bandwidth up to 100Mhz

14




e Multicellular efficiency of e.g. WCDMA-+HSDPA up to
0.5-1.0 bits/s/Hz

* Adaptability to different radio environments

o Efficient support of services with wide variety of QoS
requirements(RT, non-RT, etc.)

“4 ~ IPonAir/Wireless Routing and Mobility

1.Main target: cellular ad hoc interworking, i.e.
Incorporating multihop communication into cellular networks
to realize the following benefits
e Load reduction in cellular networks (hot spot areas may be
congested; high data rate required)
e Coverage extension of cellular networks (no cellular
infrastructure exists)
« Efficient handoft and policy based routing

2.Technical Issues

* Description of IPonAir system architecture
* Multihop routing in cellular networks (Siemens)
Investigation of routing algorithms
Distributed routing, e.g. DSR, AODV and DSDV
Centralized routing, e.g. BS as a central controller
* Management of multihop communications
Network partition by using transmission power control
* Multihop routing for coverage extension (TU Miinchen)
Investigation of routing algorithms
Broadcast and anycast based routing algorithms
* Efficient handoff for coverage extension and policy based
routing (Uni. Bremen)
Efficient MIP handoff and hierarchical Mobile IP (HMIP)
Extensions of MIP for multihop routing algorithms support
(AODV)
Policy based MIP routing (multiple interfaces)

A\ ~ Beyond 3G Project Air Interface

1.Beyond 3G Research Projects in China

¢ Joint Research Beyond 3G (JRB3G) —
Start: August 2001
Funded by Siemens
Partners:

15



Three Chinese Universities
Three German Universities
 National 863 High-Tech project FUTURE (Future Technology
for Universal Radio Environment).
Start: May 2002
Funded by Chinese government & Siemens
Partner: Southeast University, Nanjing

2.Joint Research Beyond 3G (JRB3G) - Goals

The Joint Research B3G (JRB3G) initiative research between
Chinese and German Universities started in 08/01

Goals :
Identification of key requirements
Identification of and research in key areas
Contribute to world-wide standardisation bodies
Exchange of researchers

Key Requirements Envisaged :
Data rates up to 100 Mbps
Channel bandwidth: 20 - 100MHz
High spectral efficiency (GE 1bit/s/Hz/cell)
Support of mobility up to 250 km/h
IP optimised
Ad-hoc capability (self- organising networks)
Support of asymmetric services
Support of different Quality of Service (QoS) requirements
Large area coverage
Compatibility to 2G and 3G systems
Moderate receiver complexity (Moore’s Law)
Minimising risks for human health

3. FuTURE - Goals

¢ Development of an Air-interface for a B3G system
Key Design criteria:
System capacity 3 — 5 times higher than in 3G
Support of high speed mobility (250 km/h)
Support of backward compatibility to 3G
* Development of an Experimental system: GMC-TDD-xDMA
Initial set-up:
2 Mobile Stations
1 Base station



Multiple antennas at the receiver side?

GSM & WCDMA - the seamless network
- investment in 2G can be reused in 3G

Common Parts
GSM/GPRS/EDGE

WCDMA

* GSM/EDGE radio

® 800/900/1800/190¢
MHz spectrum

® WCDMA radio
¢ Initially 2 GHz spectrum

® Start in Urban areas

® Nationwide

17



F=F 78 T HHRAETHEML(MNP) B

478y & 355545 T #£ £ (MNP-Mobile Number Portability)<] & £
4 1 (1) Keep the same number within one country between operators
MSISDN - (2) services not included

— ~ 479 T 5% T 34 £ MNP(Mobile Number Portability)4% %

+ Standards tailored for a mobile network
« 3G TS 22.066
- Support of MNP ; Service Description - Stage 1
+ 3G TS 23.066
- Support of MNP; Technical Realization - Stage 2
+ Developed as TS technical Specification by 3GPP
- Accepted as standards within ITU, ETSI, ANSI and many
national standards

S AHEERBTEARBRBERELE

+ The ported subscriber can use exactly the same service as non
ported one
+ The services offered by donor network have no influence on
services provided by the subscription network
+ Handling of supplementary services is not affected
« The IMSI shall not be ported
- anew IMSI is issued to a ported subscriber

EAHTERBTHRYVE]

+ SRF Signalling Relay Functions (supported by FNR)

- Call related
+ Direct Routing
+ Indirect Routing
+ Indirect Routing with referance to the Subscription

Network

- Non-Call related
+ Direct Routing
+ Indirect Routing

18



“Direct Routing” - Call related message
MNP Call Related SCENARIO Exported/Other subscriber
Originating
Network

2.- SRIack with MSRN=PREFIX + MSISDN

MNP NON-CALL SCENARIO
“Non Call related message

Originating/Don Py standard scenario”
Network 7

Recipient
Network

Originating

Network
f a) From other network

b) Originated in own network

¢) Home & Imported numbers

d) Exported & Other numbers

W THEERETHRLYE 1O

+ IN Call Related (not supported by FNR, supported by another
product)
- Terminating Call Query on Digit Analysis
- Query on HLR Release
- Originating Call Query on Digit Analysis

19



E -~ 5% T % %E T Benchmarking : SRF Direct Routing

- SRF &%
- Support of non-call related features like SMS
- Shorter execution time
- Higher call handling capacity
- Higher number of transactions per second
- Complete solution implemented in one node
- Large customers base
- Follows 3GPP, ETSI, ITU standards
- Strategic tool for 2G to 3G migration
- Offers flexible usage of network resources

- IN 43
- Higher data Base Capacity
+ 50 millions individual for IN

+ 16-32 millions individual entries depending on processor
for SRF

N AR TERSTRERHRAT X

- Standardized solution uses Concatenated Addressing (I.e. a
prefix in ISUP addressing parameters), independently of the
approach

« The prefix is agreed in length and meaning among the
WCDMA/UMTS/GSM operators in the country, together with
the National Telecom Regulatory body

+ Operators exchange information about ported subscribers, either
directly among them, or by means also of a centralized national
database for ported numbers.

+ Some actions to wrongly updated info, or fees for usage of other
operators’ network resources to be agreed.

+ - HITHTERETRERBEIFR

« MNP may lead to an increased competition and quality and may
help increasing a total subscriber base
- MNP may accelerate service innovation

- Efficient use of numbering plan

20



FwE B HREEKE R (FleetNet - Internet on the Road)

Development of technologies for communication between
vehicles as active mobile Internet nodes free of charge - &4 B 4% &1,

#% :DaimlerChrysler AG, Fhl Fokus, NEC Europe Ltd., Robert Bosch
GmbH, Siemens AG, TEMIC TELEFUNKEN microelectronic

GmbH, TU Hamburg-Harburg, University of Hannover, University
of Mannheim, TU Braunschweig - &t % 3t & #A i Sept. 1, 2000 - Dec.
31,2003 -

Telematics Services Today Inter-vehicle Communications

Mobile cellular networks Decentralized by mobile ad hoc
networks

Charged for usage Buy and use for free

Access network Local network

Server oriented services Floating applications
Data is transmitted and consumed,
where it is generated and needed

— ~ Inter-Vehicle Communications Platform

1. Car-to-car direct

2. Car-to-car via relaying by intermediate cars
3. Car to stationary FleetNet gateway

4. Car - Internet via stationary FleetNet gateway

21



Inter-Vehicle Communications Platform

1. Car-to-car direct

2. Car-to-car via relaying by intermediate cars
3. Car to stationary FleetNet gateway

4. Car - Internet via stationary FleetNet gateway

Applications
® Cooperative Driver ® Decentralized ® User Communication &
Assistance Floating Car Data Information Services
® emergency ® dynamic ® Internet access
notifications navigation ® mobile office

® route weather

forecast -

® platooning

= ~ Applications

Cooperative Driver Assistance

Emergency notifications

Relaying of sensor data

High demands on transmission delay and security
High priority when related to passengers’ safety
Position dependent addressing

Decentralized Floating Car Data

Example: Provision of a traffic flow profile on the
anticipated route

Data from different routes may be evaluated and provided to
a onboard navigation system

Transmissions occur periodically

Communications based on broadcasts

Route weather forecast

User Communication & Information Services

Common Internet applications (Mail, Chat, WWW, ...)
IP-addressing and position dependent addressing

High bandwidth demands

Marketing along the road scenarios

22



= ~ Challenges

o Internet Integration
¢ mobility
e security

Position Based Routing

For inter-vehicle communications, addressing w.r.t. IDs and/or
geographic positions is required.

Radio Hardware and Frequency Bands

1. Funkwarn-System Robert Bosch GmbH 868 MHz

2. Radar systems 24,00 - 24,25 GHz

3. IEEE 802.11 Radio LANs  ISM-Band: 2,4 - 2,483 GHz
4. ETSI/BRAN Hiperlan Hiperlan bands at 5 GHz

5. UTRA TDD Unlicensed UMTS-Band: 2,010 -2,020 GHz

Medium Access Control and Radio Resource Management
Internet Integration

Internet - mobility - security

23
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AR

R EMREARE CEFET B3IG 28R BHRER
ik A3 e GSM 5 8- WWRF B 4Z: Secure momentum,
strategic orientation, and impact for the research on wireless
communications beyond 3G ; Evolutionary steps of 3G as
well as new concepts °

B3G ® B: 2 3k % L B # & :© Multiple Access and
Modulation ~ Channel Modeling ~ Spectrum Flexibility for 4G
Radio Access -~ Efficient use of the spatial dimension - Fast
Resource Management % -

RAETHRAERREEETHAOFRFAFT R HK
Flz— BREHEATICHELEH  BRUTHTE
REAETIHMMF - ITH TR BETHRERBTRERE
OIS ER W
» The ported subscriber can use exactly the same service as
non ported one
- The services offered by donor network have no influence
on services provided by the subscription network
+ Handling of supplementary services is not affected
+ The IMSI shall not be ported
+ anew IMSI is issued to a ported subscriber

T8 B3R TR Human £ A ZH35 5 » RN E1E KA
TR £ 35 A 2 Non-Human 7 35 Z #H5 - 3LE4
Telematics AR #% %8 Inter-vehicle Communications AR 5% B
B URMBEEFRERETZEHMEILR

1.Cooperative Driver Assistance

cRE&FMHEL
R B R
‘ERREZARCERERESE
cHBAMZAMRERLNE
* fi & 48 B 2 A
2.Decentralized Floating Car Data

* Provision of a traffic flow profile on the anticipated route

* Data from different routes may be evaluated and provided
to a onboard navigation system

* Transmissions occur periodically

* Communications based on broadcasts

25



* Route weather forecast

3.User Communication & Information Services
s — AP ER (Mail, Chat, WWW, ..)
o IP-5& 3 B A B A8 Bl € 42
*HEAER

* Marketing along the road scenarios

26



ERICSSON B

3G and Beyond

Jan Férjh
Director
Access Technologies and Signal Processing
Ericsson Research

Outline

- Capacity evolution
~ GSM/EDGE
~ WCDMA

= Wireless evolution beyond 3G
- WWRFWWI
- Research topics of importance

27




SRICSSON 2

Means to increase capacity in GSM

« SAIR from Ericsson

— Advanced signal processing technique

- Interference rejection with only one antennal
« Adaptive Antennas

— Up to 200% more capacity

— Step by step migration

+20% p enetration => up to 100% capacity gain

« Cannel Allocation Tiering (CHAT)

~ Interference diversity

— Interference suppression

— Interference avoidance

ERICSSON B

Channel Allocation Tiering (CHAT)

Available . 3
channaels Frequency hopping sequence 1
— * Training sequence 1
: (* Spatial direction 1)
Radio
rasources —
] Tier1
Tier 2

LLLIT

* Frequency hopping sequence 2
* Training sequence 2
(" Spatial direction 2}

28




ERCSSON =

CHAT Fractional Reuse

DL performance

Umens. Conre LA
e

—— MRS9 FR + AR
T3P { —- MRI9FR ¢ SAR + AA
5 CHAT with ARS9 FR + SAR + AA

» )i X L ;
o 30 oo 150
Frequency load [%)

High Speed Downlink Packet Access (HSDPA)

* Enhanced support for downlink packet data for WCDMA
— Higher peak data rates (~10 Mbps)
— Higher capacity
— Lower air-interface delay
* New transport channel HS-DSCH
— High Speed Downlink Shared Channel
— Higher-order modulation
— Fast link adaptation and fast channel-dependent scheduling
~ Hybrid ARQ with soft combining

+ 3GPP Release 5 (March 2002)

29
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ERIIBE0ON 22

Principal behavior
pdf Current WCDMA

4

HSDPA scheduling

Bit Rate

s o
ERMISE0N 22

High Speed Downlink Packet Access (HSDPA)

Characteristics !

Best-effort packet data service

Co-exists with speech-service on same carrier
Support High Peak-Rates

2-3 times higher system throughput

* Low delay ---> interacts well with TCP/IP

30



ERICSSON =

Basic Technologies and Architectural Aspects

Basic Technologies Architectural Aspects

Fast Link
Adaptation

Current
Scheduling,
Transport Format

“fast”
Fast HARQ ? ——>

Link Adaptation
Scheduling

Fast
Scheduling

ERICSSOM 25

HSDPA/RS

HS-DSCH Performance Enhancement Possibilities
by Employing
Advanced Antenna System Concepts
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ERICSSON 2

Fixed Beams Interference Level

. ~10-15dB

¢ > Angular Direction
20°-30°

“Helps All - appr. 5 dB”

Lower system level interference:
- add users AND/OR
- increase average throughput

ERICESON 55

Rich FeedbaCk Interference Level

h

Feedback {Channel characteristics)

- Feedback Delays
- UE Speed increase
“dB
> Angular Direction
s-10"

“Helps All - But How Much?”

Lower system level interference:
- add users AND/OR
- increase average throughput
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Transmit Diversity with Rich Feedback

High Power H

Low Power

m
-]
A
1
Wi
&
&

W

M I M 0 Interference Level

3
1000...
_—
v

011000101, \)< ‘& 011000101...
£

i
—_—
01011...

- d£I — N\

Angular Direction

“Helps Some - But How Often?”

Higher Peak Bit Rates passible
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ERICSSON 2

Positioning of the Concepts

Mbit/s A
(Peak)

207 MIMO (“2x2”)

104

0.384

GSM/EDGE

A 4

Coverage

ERICSSOM 22

Wireless access evolution beyond 3G

1G 2G 3G 4G ?
( J‘>

1980 1990 2000 2010
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A
ERICSSON 2

From
Frame work Programs 1989 - 2002...

Wireless Strategic Initiative — WSI

Wireless World Research Forum — WWRF

.To

...The EU FP6 2002 — 2006

“Wireless World Integrated Project”

P, a5
ERCIS0M o3

A Chain of Research programs
~ From basic studies to New System Concepts

. 2nd FP 3rd FP 4th FP 5th FP 6th FP
Race T Race I ] ACTS I IST Il
Several studles CODIT FRAMES wsi \4 /
Basic studies WCDMA concept WCDMA concept [:::]
Demonstration WWRF

89 90 91 92 93 94 95 96 97 98 99 00 01 02 o
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ERICSSON B

Wireless World Research Forum - WWRF

Goal: - Secure momentum, strategic orientation, and impact
for the research on wireless communications beyond 3G

- Evolutionary steps of 3G as well as new concepts.

#

~ Build on the resuits of the WS! Think Tank 2000

ERICSSON ;’ — More detailed investigation of the identified issues
NOKIA — Develop proposals to support international and national
Conwecroio Prar research programs

SIEMENS . o
— Discuss the implications of research results on spectrum
Motorola and regulatory issues
grcsson 2

Research topics of importance
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Data rates for 4G

« Extreme peak data rates
— Target > 100 Mbps (downlink)
« Good coverage for very high data rates
— Also for high speeds and substantial time dispersion

A

100 Mbps O 4G
O 3.5G (R5 HSDPA)
O 3G (WCDMA)
10 Mbps
2 Mbps ﬁ
384 kbps e e e o Epmpens==

Distance

Continuing challenges

+ Multiple Access and Modulation

+ Channel Modeling

« Spectrum Flexibility for 4G Radio Access
+ Efficient use of the spatial dimension

» Fast Resource Management

37




ERICSSOM 2

Multiple Access and Modulation

» The bandwidth of 4G might be 10 times larger than
WCDMA
« Candidate MA schemes:
— Single carrier DS-CDMA
— Multi-carrier DS-CDMA
— OFDM with spreading in the frequency domain (OFCDM)

A\

SRR

Channel Modeling
» Accurate channel models essential for design and evaluations:
~ Wideband, MIMO, Indoor and outdoor measurements

PLANAN Aoy Asbmth Pomatin CVLAR Ay Arlaoih Puipsvioy
»

2

]

P|.I:||;'Ar":,“_, A o | | 3 1 AL
a Do I D DN
T ———g [ Linear Arra
U ¥ a [a] a
\ NN
; i
| | = | | e | I | |
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Efficient use of the spatial dimension

* Interference management with multiple Tx and Rx
antennas integrated with radio network functionality
— Adaptive antennas, space time coding, MIMO transmission
— Combined with rich feedback and fast scheduling
- Different antenna concepts complements each other.
~ When to use which scheme for what?
* Advanced antenna solutions is a core component
in the design but optional to implement.

BCSSON 2

Fast Resource Management

* Resource management interacts closely with physical layer
— fast and characterizing measurements
— fast control and reconfiguration

L3: Network Layer

L3: Network Layer
| L2: Data Link Layer | | j'> L2: Data Link Layer

L1: Physical Layer
L1: Physical Layer

* Adapt to instantaneous and not average radio conditions
— exploit multi user diversity
- exploit the frequency dimension
— exploit the spatial dimension

39



ERICSSOM 2

Summary
« Evolution of GSM/EDGE and WCDMA ongoing

~ Advanced antenna Systems
— High Speed Downlink Packet Access

« Continuing challenges exists, e.g.
— Multiple Access and Modulation
— Channel Modeling
— Spectrum Flexibility for 4G Radio Access
— Efficient use of the spatial dimension
— Fast Resource Management

« WWRF and WWIP initiatives to cover issues for 4G
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! ONOKIA  Nokiu Company Presentation. NOKIA

The Roots of Nokia

Founded in Tampere in 1865.
Soon moved to neighboring town of
Nokia. First product was groundwood.

Finnish Rubber Works Ltd. Founded in
Helsinki in 1898. Soon moved to Nokia.
First product was rubber galoshes

Finnish Cable Works Ltd. founded in
Helsinki in 1912. First product was
imported copper wire coated with
rubber-impregnated textile layer.

Nokia Corporation formed in 1966

. through the merger of Nokia Company,
Fredrik ldestam (1838-1916) Finnish Rubber Works and Finnish
Founder of Nokia Cable Works.

President of Nokia Company 1871-1894

2 ©NOKIA  Nokia Company Presentation. ND K'A
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From Multibranch
to Telecommunications

Mobile Phones 72%

Infrastructure 25% b
Other 3% e Transmission

Intelligent n

Over 100-fold growth in 10 years

Mobile phone subscribers worldwide

1200
[ 1 Billion: 1st half 2002 |
:—l T
@ 1000 - |
S
E 800
E
¢
%
2 s00
<
wv
E=}
S
Z 400
5
E
i
(&) 200
o
1992 1993 1994 1995 1936 1997 1998 1999 2000 2001 2002e

O NOKIA FILENAMs PPT/ DATE / NN NDK'A
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Nokia - Key Figures 2001 (pro forma)

2001 2000 Change

EUR EUR %

Net sales (million) 31191 30376 +3

Operating profit (million) 5237 5861 -1
Operating margin (%) 16.8 19.3

Earnings per share, diluted, (split adjusted) 0.79 0.84 -6
Net debt to equity, gearing (%) -41 -26

Research and development (million) 2 985 2584 +16

Personnel (year-end) 53 849 60 289 -1

.Proposed dividend 0.27 0.28 -4

e s NOKIA

Balanced Global Market Presence

Net sales 2001
EUR 31.2 billion

Asia-Pacific
26%

Europe
49%

Americas
25%

* Biggest markets US, China and UK

1 EUR = 0.9026 USD (December 31, 2001)

6 ©NOKIA  FILENAMsPIT/ DATE/ NN N D KlA
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Nokia Networks
The Partner for the Mobile World

Net sales EUR 7.5 billion, personnel 19 392 in
2001

Leader in 2G networks. Leading 3G supplier.

Leader in cost-efficient all-IP networks for future
high capacity needs, including fixed broadband
access

Over 100 GSM customers around the world.
Targets at 35% market share in mobile networks.

Leader in TETRA networks for public safety and
security

World-class services for network deliveries,
integration and support; end-to-end solutions for

optimised network performance and increasing
1 EUR = 0.9026 USD (December 31, 2001) network usage

7 O©NOKIA  FILENAMs.PPT/DATE /NN NDKIA

Nokia Mobile Phones
The World Leader in Mobile Handsets

« Net sales EUR 23.2 billion, sales volume of approx.
140 million units; personnel 26,453 in 2001

« The world's leading mobile phone company since
1998 with about 37% market share in 2001

* One of the world’s most recognized and valued
consumer brands

« Constantly evolving product portfolio covering all
consumer segments and standards worldwide

» A world leader in development of mobile terminal
software and server solutions

1 EUR = 0.9026 USD (December 31, 2001)
] © NOKIA FILENAMs PPT/ DATE / NN NDK'A
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Category evolution is driven by
both style and function

Voice/SMS
Calling, Messaging

Entertainment
EE——T— -

Music, Games, Fun!

Communicator

§ Business Services

9 ©NOKIA  FILENAMs.PPT/ DATE/NN NDKIA

Strong Investments in R&D
R&D expenditure EUR 2 985 million in 2001
(9.6% of net sales)

EURm
—@~ % of net sales
3000 TN 9

2500 * Global network with 54

R&D centers in 14
countries

2000

1500

e Over 18 600 people in R&D
3 at the end of 2001 (35%
of personnel)

1000

500

1997 1998 1999 2000 2001

1 EUR = 0.9026 USD (December 31, 2001)

10 ONOKIA  FILENAMSMPT/ DATE /NN NDKIA
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Nokia's Largest Markets 2001

Net sales, EURm
6000

5000
4000
3000
2000

1000
0

1 EUR = 0.9026 USD (December 31, 2001)

11 ©NOKIA  FILENAMs.PPT/ DATE /NN NQKlA

Life Goes Mobile — Now!

In the future, a major part

of personal communication

- be it voice, data, images, or video -
will be wireless {

The personal wireless terminal
will be the main application
platform and media!

12 ONOKIA FILENAM PFT/ DATE / NN NDKIA
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MMS for sharing personal moments

13 ONOKIA  FILENAMsPPT/ DATE/NN NDK'A

MMS for sharing personal moments

14 ©ONOKIA  FILENAM«PIT! DATE/ NN NGKIA
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Nokia 3G Strategy and Market Making

Hannu Pikkarainen
Nokia Networks

1 smoae NOKIA

Nokia Strategy

Three elements needed:

Mobile

Fixed

Voice Multimedia

2 T NOKIA 2002 IN®ETYAN
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-improving existing services
-enabling new services

-to deliver voice + data
services in high volumes

NOKIA

3 % NOKIA 2000

Global growth of creating a 3G mobile world

200

80% of all new subscriptions in the

104 - - - - - - e T WA - - - - -

1004 - - - - - - VR . . . . . w_
- ¥ WGSM
5 ECDMA
H OTDMA
= HCthers
504 - - - - .- - -
Source:
EMC Database
& o A P N F oS s i 8o 8o E & 2|
W o »"«b b \»"“0 a'ﬂp & & d’F“ 5’«& ?y» o
" Global Economies of Scale Will Drive Roll Out and
A Delivery, Enabling Low-cost Mass Market Services
o omam v d NEKIA
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Non-voice services make increasing ARPU impact

* Non-voice services 11.7% of total ARPU in Western Europe 2001

® Up from 7% in 2000, estimate 15% for 2002

Non-voice service usage in Western Europe (2001)

Game/entertainment

26%
Messaging
80%

Other 21%

M-Commerce

6%

Ringing-tone and icon downloading
47%

Sources: Yankee Group, Strategy Analytics, Forrester 2001
Vodafone Group quartely report, 4/2002

7 noonane NOKIA

Nokia end-to-end Service Enablers

i + GPRS terminal . CWCDMA[GSM terminal * EDGE terminal * WCDMA/EDGE terminal
* Smart messaging * Colour display ¢ Rich call, Instant .
* WAP Push * MIDP Java .. messaging, Presence * QoS 5}'_?1!'""‘,5} &
® Personal Java ¢ XHTML browse (WEB/V‘\I)AP) * IPv6 . E)OTrI‘)\S:dA“:}n;S
¢ SyncML . S hlonreal time SIP '
* Bluetooth . gaming
* DRM (MP3/AAC)

3GPP R99 netw! H i J x ; 3GPP Rel.6
* Wideband b - ® |MS/PSTN interworkiny

Network technologies
VolP PMR-solution

Positioning
¢ Cefl-based

Bearers - Bearers

¢ WCDMA: 38 { 3 * WCDMA: 10M
Advanced SIP service
capabilities

¢ Seamless access

Enhanced location service

WAP push . * Persistent sessions
Remote terminal * ; g ¢ Application driven QoS
management * Presence server * MB’S"Q'"Q support « Application distribution
* Mobile payments and * Content protection * Voice Browsing Server between terminal and
advertising * 36 Streaming Server ® Context sensitive content server
x ¢ _Downloadable JAVA games * GPS positioning * Multicast Service
. 2001
o NOKIA
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End-users are keen on new messaging services ...

Mobile Video Photo  Postcard Video

| think that it is a great idea
and will be a real
improvement

% | think that it is a good idea
| & and may be an improvement
| think that it is ok, but will
not be much of an
improvement

I do not think that it is a
good idea and will probably
not be an improvement

@ {do not think that it is just
a gimmick and has no real
value at ali

Source: Nokia Messaging Study (2001),
Base: 1862 mobile phone users in five countries (age 16 to 45)

2/3 of core target segment of mobile messaging thinks
multimedia messaging as improvement

NaKIA

9 5 NOKIA 2002

... and they are ready to pay more ...

Tariff-level that end-users would pay for messaging (eurocents)

End-users see different
multimedia messaging
applications 2-3 times
more valuable than
what is currently
charged for SMS

Mobile e-mail
Post Card
Photo
Video
SMS

Source: Nokia Messaging Study (2001),
Base: 1862 mobile phone users in five countries (age 16 to 45)

10 NOKIA 2002
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Looking into 2002

Rpplications
Y

Phonebo..  Logs

B @ @

Messages Services Calendar

Profies  Photos  Pinboard
Options + Exit

Options =~ Back

WS NOKIA 2002 INSKLA

End-to-End
With Nokia

12 S NOKIA 2002 Company Confidential NQK!A
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Nokia end-to-end capabilities
Example: MMS

© MMS capablie terminals
in two Ul classes for 1H/02

® c2e MMS solution including:
Legacy phone support
Email support
Voice clip support

® Optimised GPRS networks for MMS services

® e2e prepaid support for Nokia MMS solution
® Flexible tariffing models supported

© Open interfaces for 3" party content development

13 % NOKIA 2002 NDKIA

The first WCDMA 3G networks are opening this year

Mobile middleware and services

* Mobile middleware platforms built for GPRS will convert to 3G

* Multimedia Messaging Service infrastructure is up-and-running
for WCDMA 3G openings in 2H02

Mobile terminals

¢ Nokia will launch dual-mode GSM/WCDMA terminals in 2H02

Mobile networks

® Volume deliveries of network equipment started in September 01

® First 3GPP R99 commercial standard version voice call in
December 01 and packet data call in February 02

* Many operators are building networks now

17 £ NOKIA 2002
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Public Nokia WCDMA RAN / 3G

2002

Core References 29 April,
i is0h,

WCDMA RAN
G Core
I wcoma RaN + 36 Core

19 < NOKIA 2002 % Shared network (RAN + 3G Core) N@ 0/

Nokia customers are building 3G WCDMA networks

1
]
- e,$
i
I (S I ._
I N .
[ ]
I
24 roll-outs in 13
countries by end of
June 2002!
21 = NOKIA 2002 M@KDA
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Global evolution to 3G multiradio networks

GSM

22 % NOKIA 2000 NDK'A

Nokia All IP network architecture

Mobile Connection Servers Mobile Control Servers :
dio Common
Access  Resource MSS  HSS,
server  Mgmt Server CPS  GCS Home Agent

vE\ B NN

i
g Multiradio
- BTS

Wideband Wide-area
Muitiradio Access

Media
Network Provider (Operator) Domain Gateway

23 % NOKIA 2002 N@m
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Beyond 3G Radio Research

September 5th, 2002
Lauri Oksanen

Nokia Networks
Research, Standardization, and Technology

Nokia Proprietary and Confidential - © Nokia 2002 1 NDKIA

Contents

* Radio development trends
¢ Beyond 3G/4G radio research
® Spectrum issues

Nokia Proprietary and Confidential - ® Nokia 2002 2 NOKIA

56



Contents

» Radio development trends
Beyond 3G/4G radio research
Spectrum issues

Nokia Proprietary and Confidential - © Nokia 2002 3 NOK|A

i a
Radio performance seems to be > e

‘the main driver for new generatio b

3 Cost efficient IP based network, higher data rates

3G Evolution
Multimedia Messaging, Multiple services
3G
Packet data, always connected

2G Evolution

Digital voice, mobile data

2G
[BAnalog voice telephony
1G
80’s i 90’s | 00’s 1 10’s ]
s @ " Nokia Proprietary and Confidential - © Nokia 2002 4 NDKlA
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research target

Pedestrian

Stationary

100 1000
Data Rate (Mbps)
Nokia Proprietary and Confidential - © Nokia 2002 5 §OK|A

3G Radio Evolution Continues

» Current 5-MHz WCDMA
1 WCDMA Rel'99
2 WCDMA R5 with HSDPA
2 Potential performance enhancements with
beamforming and base station multiuser detection

—
WCDMA today §

» Enhanced 5-MHz WCDMA

Enhanced 5-MHz 2 New frequency bands 1.7/2.1 GHz and 2.5
WCDMA GHz
4 Uplink improvements for lower latency

4 Downlink HSDPA improvements for higher bit
rates

» Higher bandwidth 10..20 MHz WCDMA
10-MHz WCDMA 2 For boosting user bit rates
JHigher chip rate or multicarrier

Nokia Proprietary and Confidential - © Nokia 2002 6 __,NOKIA
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_~Nokia in 3G Evolution

'okla is committed to 3G and its evolution

2 Nokia 3G is clearly ahead of competition, Nokia WCDMA R4 is
some 0.5 year earlier

4 Nokia 3G product range is clearly the widest in the industry

2 Nokia 3G solution has the most comprehensive functionality and
feature set

2 Nokia is one of the most active companies in 3GPP
standardization

Nokia Proprietary and Confidential - © Nokia 2002 7 ___NDKIA

W N is a Hot Spot Technology

y tly WLAN (802.11) is a cost efficient hot spot coverage and
¥apacity solution for best effort data

mprovements can and will be made in
O Bit rate (100 Mb/s study ongoing)
2 QoS support

a2 Security

* But to maintain low cost, ease of deployment, and backwards
compatibility
2 WLAN should not be developed towards a wide area, high mobility
system

Nokia Proprietary and Confidential - © Nokia 2002 8 J_!\IDKIA
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Contents

£ Radio development trends
Beyond 3G/4G radio research
e Spectrum issues

Nokia Proprietary and Confidential - © Nokia 2002 9 NDK'A

4G Trends and Drivers

y definitions for the term 4G exist. Nokia's view:

3G evolution is based on the combination of existing technologies like
cellular as main interface and Wireless LAN for hot-spot usage

1 4G (a.ka. "Systems Beyond 3G" or "Systems beyond IMT-2000") is a

research topic for new air interfaces and systems to be considered after
2010

® Radio performance and higher throughput/lower delays identified as
major drivers for 4G
2 Streaming and fast download (instant gratification) of medium size
entertainment material (MP3, good resolution video clips, 3D)

~ System needs to serve at least up to 2020 and user interfaces will develop
radically

4 Large size down-loads (e.g. mail-box synch.)

Transport and last hop transmission for very high throughput are also

.

W ssues but need to be developed for 3G evolution already

Nokia Proprietary and Confidential - © Nokia 2002 10 ‘MNDKlA
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4G Radio Research Positioning

‘go towards 10/100 Mbps (wide/local area) (with WLAN

oviding the 100 Mb/s hot spot capability) - 4G should be clearly

~better

1 Up to 100 Mbps/1 Gbps carrier bit rates in wide/local area
deployments

21 Bandwidth up to 100 MHz

® Clear cellular capacity improvements over 3G (best effort packet)
- Multicellular efficiency of e.g. WCDMA+HSDPA up to 0.5-1.0
bits/s/Hz
1 4G
~ Single cell efficiency up to 5-10 bits/s/Hz
~  Muilticell efficiency >> 1 bits/s/Hz
* Adaptability to different radio environments
4 Parametrized solution yielding optimal or close to optimal
performance in different radio conditions (wide area, local area)

lcilg?t sup)port of services with wide variety of QoS requirements (RT,
R RT, etc.

Nokia Propri-e!zry and Confidential - © Nokia 2002 1 NOKIA

Nhy 100 Mbps/1 Gbps ?

ute numbers are not that important but target setting is !

 will go towards 10/100 Mbps (wide/local area) - 4G should be
clearly better

* No application may need that high bit rates but the system may need
it in order to
3 Serve many high bit rate users simultaneously
2 Maximize throughput/capacity
2 Minimize latencies

¢ There may be an optimum bandwidth which will maximize the spectral
efficiency of a wireless system
2 Research target must be set high to "capture” that optimum

A * Short distance radio bit rates will go towards 1 Gbps and users expect
wide area coverage service level to be fairly close

Nokia Proprietary and Confidential - © Nokia 2002 12 “,,!\IOKIA
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, Wg-re are the Capacity Limits ?

pie analysns of cellular capacity limit based on "Nilsson, O.

ol indamental limits and possibilities for future telecommunications.

" IEEE Communications Magazine, vol. 39 no. 5, May 2001, 164-167 pp".
1 Bandwidth = 100 MHz

u Carrier frequency = 2 GHz

4 Density of mobile terminals = 1000 per km?

R g e e e ey

* Although analysis is idealistic
— very high capacities per cell
— seem to be possible
— * Additional (possible) capacity
increase by MIMO solutions not
included !
Noki:;r:nprietarv and Confidential - © Nokia 2002 13 4__L\|°K|A

S-CDMA vs. TDMA capacity

was a good choice for re-use 1 system operating at low SNR
®Uoes a cross over point exist where DS-CDMA is no longer the right choice?
Verdu” shows the spectrum efficiency for CDMA with increasing Eb/N,:

4

35 (- Bluc- CDMA optimum deiection

Black - CDMA RAKE detection
3 b

25 r Vs

- TDMA with reuse 4

Spectral efficiency (bps/Hz)

2 0 2 4 6 8 10 12 14
EbN °
*Verdu’, S and S, Shamai, “Spectra Efﬁclznq of COMA vt Random
Spreading,” IEEE Transactions on Inform;
b i i Nokia Propnctary and Conﬁdentlal "% Nokia 2002 14 NGKIA
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~Role of Multicarrier

IR=1/2 channel code
" Symbol rate of 50 Million per second
P>~ 3 4 bits per modulated symbol

¢ Typical cellular channel has 2 us of memory
2 2 us channel memory = 100 symbols of memory
4 Optimal (ML} equalization requires 16'® operations per decoded symbol
2 Single carrier (GSM style) TDMA is computationally intractable

¢ Multicarrier systems create parallel streams of data such that each independent data
stream sends a fraction of the overall required data rate

Data Out
Data Stream

Communication |*
Channel

181435 03 [3}[eled

[ j31eieq o1 (euag

= Filter bank Filter bank

nclusion: A parallel bank of single channel equalizers spanning small number

abols is less complex than one equalizer over many symbols
. Nokia Proprietary and Confidential - © Nokia 2002 15 '__"_\\IOKIA

Multiple transmit and
receive antennas

Spatial multiplexing is a
type of MIMO that creates
multiple simultaneous radio
channels between the base
station and mobile station
2 Placing muitiple antennas
on a "terminal” becomes
easier with higher carrier
frequency

Nokia Preprietary and Confidential - © Nokia 2002 16 “__!\IDKIA
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4G Targets and Multiantennas
he ultimate:66und for achievable spectral efficiency and data rate

g T,‘énd Ny, are the number of transmit and receive antennas

e SNR(Ny,, Np,) is the signal-to-noise-ratio with given number of
antennas

e Capacity in bps/Hz

C ~ Min(Ny,, Ny, )-log, (1 + SNR(N,,, Ny, )

» [f either N, or Ny, equals 1 = capacity increases logarithmically
(=slowly) when SNR increases

® If Ny, and N, both are larger than 1, capacity increases much faster

Nokia Proprietary and Confidential - © Nokia 2002 17 NDKIA

4G.Targets and Multiantennas

Same number of Tx & Rx antennas

30 —r—
| 1 ' 1
I 1 1 '
! 1 | b
______ e S S
,_,25}' ] ' [ [
5 1 ! ! [
g 1 b 1 1
I ' ' i
EW0F-—---- rTooTT o TooooT TS m T AT T
1 1 t 1
§ i 8x8 | ' 1
2 ! ' v |
215F--— -~~~ e R A= m
o I 1 - 1 I
o
a ) 1 axa ! |
8 ) s | 1
3 i 1 ] i)
g10}'“’"”’T‘"‘*‘T“'-"T“"'_"u ______
8 1 1 1 22
F=3 g
S i 1 1 ' L
| i 1 T
S5F-z=--~ Fomm—-= t----=- B e
I T xt |
| T ( |
T I 1 1
[ L 1 ) - 1
o 5 10 15 20 25
SNR [dB]

nclusion: 1 to 10 bps/Hz at reasonable SNR can only be achieved with MIMO

Nokia Proprietary and Confidential - © Nokia 2002 18 NUKIA
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Current Likely Direction for 4G Radio
P Research

Wechnology conclusions

3 Spread spectrum (and CDMA)

may not be optimum for

achieving upto 10 bps/Hz

4 Multicarrier is needed to
contain receiver complexity W
and allow fiexibility in use of
available spectrum

2 Spatial multiplexing (MIMOQ)
will play an important role in

Nokia Proprietary and Confidential - © Nokia 2002 19 NUKIA

Contents

Radio development trends
® Beyond 3G/4G radio research
® Spectrum issues

Nokia Proprietary and Confidential - ® Nokia 2002 20 ,NOKIA
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4G and Spectrum

g®rum is a scarce resource and need long term planning

Topics requiring careful consideration
2 Frequency range
~ Preferably under 5-6 GHz
2 Pairedfunpaired band
~ Unpaired bands are easier to find
2 Dedicated/shared bands
~ Capability of spectrum sharing would be beneficial
2 Minimum width of a frequency block
~ Spectrum efficiency important
Number of bands
~ Should be minimized

2 Global harmonization
~ Globally common bands should be sought after as much as possible

(9

Nokia Proprietary and Confidential - © Nokia 2002 21 NOKIA

AG Spectrum: Next Steps

RC-2003 agenda item 1.22: "to consider progress of the ITU studies concerning
future development of IMT-2000 and systems beyond IMT-2000, ...."

Draft WRC-2006 agenda item 2.16: "to review the requirements for future
'| development of IMT-2000 and systems beyond IMT-2000, ...."

¢ At WRC-2003 we should get a proper agenda item agreed to the
WRC-2006.

* |n the meantime international view needs to be shaped positive
towards identifying new spectrum for systems beyond IMT-2000 in
WRC-2006

* Need must be justified
a E.g. traffic requirements

Nokia Proprietary and Confidential - ® Nokia 2002 22 _!\IOKIA
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Conclusions

ontinue to evolve after initial deployment

Wolution towards IP-based core networks with multi-radio access, integrated 3G and
LAN will offer data rates from 10 to 100 Mbps

In parallel, a revolution may happen within 10-15 years

One key driver for 4G systems: high data rates everywhere -> hyperavailability of al!
media

® Unused spectrum does not exist - long term planning necessary to make spectrum
available
1 WRC-2006 expected to consider requirements and identification of spectrum for
4G systems

® Possible 4G solutions and system will compete with evolved 3G => research targets
must be set high
2 Peak data rates of 100 Mbps/1 Gbps in wide/local area access

Early research points to multicarrier and MIMO techniques in 4G radio

Target is for initial standards to be ready around 2010, subject to the outcome of WRC-
006

Nokia Proprietary and Confidential - ® Nokia 2002 23 NOK.A
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CONNECTING PEOPLE
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FNR Number Portability

Visit to Ericsson
By National Telecommunication Program Office,
Taiwan
Stockholm September 2-3, 2002

Antun Samukic
Strategic Product Manager FNR
Flexible Numbering Register Server

Antun Samukic Ericssan Stockholm 02 Saptember 2002

AGENDA

General Overview

¢ Key elements of MNP
- SRF method
e Call related feature
* Non-call related feature
- IN Method

¢ Some Comparision

s Conclusions

s Additional Commercial Functionalities
« Contacts

Antun Samukic Ericsson Stockhaim 02 September 2002
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Base for FNR MNP Mobile Number Portability
Standards

« Standards tailored for a mobile network
+ 3G TS 22.066
— Support of MNP ; Service Description - Stage 1
+ 3G TS 23.066
— Support of MNP; Technical Realization - Stage 2
« Developed as TS technical Specification by 3GPP

— Accepted as standards within ITU, ETSI, ANSI and many national
standards

Antun Samukic Ericsson Stockholm 02 September 2002

ERICEON 25

MNP Mobile Number Portability

* Ability for a UMTS or GSM mobile subscriber to change a
subscription network
— within a portability domain
— whilst retaining original MSISDN

* Accompanied with certain administrative actions as a part
of porting process

Antun Samukic Ericsson Stockholm 02 September 2002
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MNP Mobile Number Portability
Service Aspects

+ The ported subscriber can use exactly the same service
as non ported one

+ The services offered by donor network have no influence
on services provided by the subscription network

» Handling of supplementary services is not affected

* The IMSI shall not be ported
— anew IMSI is issued to a ported subscriber

Antun Samukic Ericsson Stockholm 02 September 2002
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WHAT IS A MOBILE NUMBER PORTABILITY?
KEEP THE.SAME 1»}gﬂa o TwITRIN T

> MSISDN ONE COUNTRY
L~ BETWEEN OPERATORS
\\‘—’/

M ND’ATFD BY REGULATION SERVI’G}S NOT\INGI:U'BED
— LT

Antun Samukic Ericsson Stockhoim 02 September 2002
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MOBILE NUMBER PORTABILITY DEFINITIONS

» Network types
— Donor network
~ Recipient network
~ Other network
= Subscriber types
— Home subscriber
— Exported subscriber
— Imported subscriber
— Subscriber in other network

Antun Samukic Ericsson Stockhoim 02 September 2002
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MOBILE NUMBER PORTABILITY
Types (1)

» SREF Signalling Relay Functions (supported by FNR)
— Call related
« Direct Routing
* Indirect Routing
* Indirect Routing with referance to the Subscription Network
— Non-Call related
« Direct Routing
« Indirect Routing

Antun Samukic Ericsson Stockhoim 02 September 2002
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MOBILE NUMBER PORTABILITY
Types (2)
« [N Call Related (not supported by FNR, supported by
another product)
— Terminating Call Query on Digit Analysis
— Query on HLR Release
— Originating Call Query on Digit Analysis

Antun Samukic Ericsson Stockholm 02 Septamber 2002
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“Direct Routing” - Call related message

MNP SCENARIO 1 Exported/Other subscriber

Originating
Network

Recipient
Network

2.- SRIack with MSRN=PREFIX + MSISDN

Antun Samukic Ericsson Stockhoim 02 September 2002
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“Indirect Routing” - Call related message

Donor

Network
Recipient
Network

\ a} Home s

% g b) Exported numbers

3b.- SRIack with MSRN=PREFIX + MSISDN

Antun Samukic Ericsson Stockhoim 02 Saptember 2002
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“Indirect Routing with reference to the subscription network”
Call related message

Donor

Network
Recipient
Network

Originating
Network

LY

= ,
% 4.- SRIack with MSRN=PREFIX + MSISDN %
3b.- SRI relayed with SCCP CdPA =PREFIX + MSISDN

Antun Samukic Ericsson Stockholm 02 September 2002
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MNP NON-CALL SCENARIO

“Non Call related message
Originating/Donor standard scenario”
Network

Recipient
Network

Originating
Network

%f b) Originated in own network

c) Home & Imported numbers
d) Exported & Other numbers

Antun Samukic Ericsson Stockholm 02 September 2002
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Non-Call Related Signalling
MSISDN is used to route message: (exemples 23.066)

« Delivery of SMS
* International SOR
— Support of Optimal Routing
* Any Time Interogation
CCBS Call Completion on Busy Subscribe
— Busy Subscriber is a Ported Subscriber

Antun Samukic Ericsson Stockhoim 02 September 2002
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Delivery of SMS to a Ported Number

Direct Routing, lllustration 23.066

National interrogating Network

SRI_for_SM {MSISDN)
CdPA = RN (+MSISDN), TT:

MNP
SRFA

SRI_for_SM (MSISDN)
CdPA = MSISDN, TT=0
CgPA = SMS-GMSCA adare]

CgPA = SMS-GMSCA -ddld.n

SRI_for_SM ack (VMSCB address)
CdPA = SMS-GMSCA address
CgPA = HLRB address

Subscription

Network Visited Network

HLRB

SRI_for_SM (MSISDN)
4) CdPA =HLRB address
o CgPA = SMS-GMSCA address

MNP
SRFB

SMS-
sSMsC 1 GMSCA -®— VMSCB {(7)-»{Ms8
Forward_SM Forward_SM (VMSCB8 address)
{MSISON)

Antun Samukic Ericsson Stockhoim 02 Septsmber 2002
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Delivery of SMS to Non-Ported Number
Direct Routing, lllustration 23.066

National Interrogating Network
= Subscription Netwark

- By

SR1_ter_SM (MSISDN)
CdPA » HLRS addvess
CGPA = MNP-SRED addrase

SRLfs_3M ach (VHSCA address)
CAPA = MNP-SNFB addrees
CaPA + HLAB addrens

SRI_for_SM (NSISON)
CdFA Y MSISON, TTed
CgPA = SMS-GUSCA addrass

SRI_for_SM ack (VMSCB aderass)
CdPA ~BMI-GMSCA acaress
CPA & MNP-SRFE addrers

@

Visited Network

i
H

o) —
Forward_SM [VMSCB sddress)

Antun Samukic Ericsson Stockholm 02 September 2002
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DATABASE MISMATCH DETECTION

Donor

Network
Recipient
Network

!

b) Exported or Other numbers

/ a) Home or Imported numbers ‘E

Antun Samukic Ericsson Stockholm 02 Septsmber 2002

MNP Database Structure

Individually:

other_range_dn - own_nw_prefix -> ‘imported’
other_range_dn - other_nw_prefix ->'ported
Using DN Series:
own_range_series - own_nw_prefix -> ‘home’ 15
other_range_series - other_nw_prefix -> ‘not-known to be po

Antun Samukic Ericsson Stockholm 02 September 2002
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IN Call Related Scenarios
Not Realised by FNR

« Two following two scenarios are used for illustration
— not part of FNR product
— part of IN product

Antun Samukic Ericsson Stockholm 02 September 2002

Call related message

Network

Visited
Network

Originating
Network

Antun Samukic Ericsson Stockholm 02 Saptember 2002
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“Query on HLR Release" -Indirect Routing Call
related message

Recipient
Network

Antun Samukic Ericason Stockholm 02 September 2002

MNP Benchmarking
SRF Direct Routing - Most Used Methods

« SRF Advantages
— Support of non-call related features like SMS
— Shorter execution time
— Higher call handling capacity
— Higher number of transactions per second

» IN Advantages
— Higher data Base Capacity
» 50 millions individual for IN

+ 16-32 millions individual entries depending on processor for
SRF

Antun Samukic Ericsson Stockhaim 02 September 2002
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FNR CONFIGURATIONS
-

S—— FNIR

FRNIR FRNIER
N

FEILERR @T@ Stand alone configuration

Mee—
GISIEY

GSP: General Signaling Platform

. . STP: Signaling Transfer Point
Co-Located configuration FNR: Flexible Numbering Register
HLR: Home Location Register

Antun Samukic Ericsson Stockholm 02 September 2002

MNP SOLUTION

» Standardized solution uses Concatenated Addressing (I.e. a prefix in ISUP addressing
parameters), independently of the approach

» The prefix is agreed in length and meaning among the WCDMA/UMTS/GSM operators in the
country, together with the National Telecom Regulatory body

»  Operators exchange information about ported subscribers, either directly among them,
or by means also of a centralized national database for ported numbers.

+ Some actions to wrongly updated info, or fees for usage of other operators’ network resources
to be agreed. ,

Antun Samukic Ericsson Stockhoim 02 September 2002
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MNP OPORTUNITIES

+ MNP may lead to an increased competition and quality
and may help increasing a total subscriber base
— MNP may accelerate service innovation

- Efficient use of numbering plan

Antun Samukic Ericsson Stockhoim 02 Septamber 2002

Advantages SRF (FNR)

« Complete solution implemented in one node
— Call related features and non-cal related features

- Large customers base '

« Follows 3GPP, ETSI, ITU standards

+ Strategic tool for 2G to 3G migration e

« Offers flexible usage of network resources|

» Offers full co-operation capabilities with future Numberlng,'
Naming and Addressing technologies
— depending on regulation and standardisation

Antun Samukic Ericsson Stockholm 02 September 2002
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Other Commercial Features

and

Configurations

Antun Samukic Ericsson Stockholm 02 September 2002
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WHAT IS FLEXIBLE ALLOCATION OF MSISDN?

Break the MSISDN-IMSI
relationship in the HLR

Within one GSM network operator

L2

HLR nodes balancing

Antun Samukic Ericsson Stockhoim 02 September 2002
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NETWORK WITHOUT NETWORK WITH
FLEXIBLE ALLOCATION OF
SON NOMBERS FLEXIBLE ALLOCATION OF
Ms MSISDN NUMBERS

Antun Samukic Ericsson Stockhoim 02 September 2002

APLICATIONS

« SIM CARDS/NUMBER MANAGEMENT
— SIM replacement no matter which is the concemned subscriber number:
theft / lost card
*malf unction / destruction
— Possibility to choose any subscriber number from the WHOLE network:
*VIP /go lden numbers

+addit ional numbers belonging to Series not used to be tied to a given
HLR

* NETWORK CONFIGURATION

~ HLRs’ balance (memory and signaling) based on IMSI Series
independently of MSISDN Series

Antun Samukic Ericsson Stockhoim 02 September 2002
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WHAT IS A MOBILE NUMBER MIGRATION?

TDMA/CDMA to GSM/UMTS

KEEPTHE SAME NUMBER 2G - 2G, 2G-3G
MSISDN
/

~——

[Access to new services]

with the same number

PDC to UMTS
2G - 3G . CHANGING NETWORKS
AT SINGLE OPERATO!

AN
SERVICES NOT INCLUDED T~

Antun Samukic Ericsson Stockholm 02 September 2002
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FRAUD PREVENTION OF SM

2a Message relayed
(Home or imported)

MO_Forward_SM
CdPA: SC address

1
slm/

Antun Samukic Ericsson Stockhoim 02 September 2002

83

EEM/TD/MX-01:253 Rev A

12/11/01



12/11/01

o ey O
CRMISEON 2

Py

FNR File Input / FNR File Output

* File Output reads all or a subset of the data stored in the FNR
database and stores them in a file on an external device

* File Input reads the data stored in the file generated by FNR
File Output or by an external tool and administrate them
(initiate or end) in the FNR database

* FNR File Input & FNR File Output can be used to keep the
consistency among all the FNR databases in a network
operator or belonging to different operators inside a country

Antun Samukic Ericsson Stockholm 02 September 2002

it g g e
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Areas of FNR Development

Mobile Number Portability

FNR & Network migrations
Migration TDMA to GSM/UMTS/WCDMA
Migration PDC to GSM UMTS/WCDMA
SMS TDMA/GSM Interoperability, FNR + MG, ...

Service level, Pre - paid, VPN, MMS,...

Numbering - Naming Interactions, ...

FAM Flexible Allocation of MSISDN

Antun Samukic Ericsson Stockhoim 02 September 2002
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Strategic Product Manager:
Antun Samukic
antun.samukic@ece.ericsson.se

Antun Samukic Ericsson Stockhoim 02 Septamber 2002
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FleetNet - Internet on the Road

% &

Contents

——> Introduction
Application Classes
Objectives and Partners

Challenges
- Postion Based Routing
- Radio Hardware
- MAC and RRM
- Internet Integration

Summary
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DAIMLERCHRYSLER

> o
Vision Development of technologies for communication between
vehicles as active mobile Internet nodes free of charge

Partners B 5

mmsae
DaimlerChrysler AG / BOSCH Eanits j
Fhl Fokus m
NEC Europe Ltd. TeEmic
Robert Bosch GmbH DAIMLERCHRYSLER
Siemens AG RAERNE
TEMIC TELEFUNKEN microelectronic GmbH NEC L ¥l
TU Hamburg-Harburg Universitdt Hannover

s 4y, !

University of Hannover .»"":ﬂu"‘r.
University of Mannheim

TU Braunschweig . i"n

&
Ay s® ya

Eoachay o
Telematics Services Today  Inter-vehicle Communications

Mobile cellular networks wc——"> Decentralized by mobile ad hoc networks

e

Charged for usage 0C=mT> Buy and use for free
Access network e Local network
Server oriented services  jp———~. Floating applications
[ —s Data is transmitted and consumed,

where it is generated and needed

Sowrce: DaimlerChrvsler AG __ Author Dr. W, Franz
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Inter-Vehicle Communications Platform

1. Car-to-car direct
2. Car-to-car via relaying by intermediate cars
3. Car to stationary FleetNet gateway

Intemel 4. Car - Internet via stationary FleetNet gateway

Applications X
» Cooperative Driver * Decentralized * User Communication &
Assistance Floating Car Data Information Services
» emergency notifications * dynamic riavigation * Internet access
* platooning * route weather forecast * mobile office

Sourge: DaimlerChryslar AG _Author: Dr W, Franz

Inter-Vehicle Communications Platform

1. Car-to-car direct

2. Car-to-car via relaying by intermediate cars

3. Car to stationary FleetNet gateway
4, Car - Internet via stationary FleetNet gateway

Source: DaimlerChovsier AG _ Author, Dr W Franz.
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Contents List

Introduction
r—>  Application Classes
Objectives and Partners
Challenges
- Postion Based Routing
- Radio Hardware
- MAC and RRM
- Internet Integration

Summary

Application Classes

e Cooperative Driver Assistance
e Decentralized Floating Car Data

e User Communication and Information Applications

89
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Cooperative Driver Assistance Applications

e Relaying of sensor data

e High demands on transmission delay and security
e High priority when related to passengers’ safety

e Position dependent addressing

7

A

L Souce; DaimierChysier AG . Autor O W Franz

+ Example: Provision of a traffic flow profile on the anticipated route

+ Data from different routes may be evaluated and provided to a onboard navigation system
+ Transmissions occur periodicaily

« Communications based on broadcasts

Source: DaimierChrysler AG . Author, Dr W Frapz
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» Common Internet applications (Mall, Chat, WWW, ...)
« IP-addressing and position dependent addressing
+ High bandwidth demands

» Marketing along the road scenarios

User Communication and Information Applications

FlastNa

7

v

Contents List

Introduction
Application Classes
Objectives and Partners
Challenges

Postion Based Routing
Radio Hardware

MAC and RRM

Internet Integration

-

Summary
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Objectives

Communication Platform
-> Standards on ad hoc radio protocols
-> Standards on basic applications

Demonstrator
-> Implementation of communication protocols
-> Implementation of selected applications

Source: DaimlarChrysler AG __Author, Or W Franz

Project Partners

Sept. 1, 2000 - Dec. 31,2003

Temic
BOSCH B
SIEMENS NEC I

& Bundesministerium
Partly funded by the German Federal I filr Bildung

und Forschung
Ministry of Education and Research

R

92

18.09.2002 - Seite/Page 7



DAIMLERCHRYSLER

Contents

Introduction
Application Classes
Objectives and Partners
Challenges
- Postion Based Routing
- Radio Hardware
- MAC and RRM
- Internet Integration

Summary

Technical Challenges

Design and Implementation

FieetNet Radio Subsystem

Integration into the car
HM interfaces
User Acceptance

TCP/UDP/IP

Position
Data

Forwarding A::r';'::?"

MAC/LLC

FleetNet Physical Layer

Source: DaimlerGhrvsier AG _ Authar: Dr W Franz
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Protocol Architecture

Internet-Application
FleetNet Non-Aware Appl.

TCPAP, UDP/IP

FlestNet Aware Application|

Management
Plane
FlaetNet Network Adaptation
L Cantrol
ayer Cantrol FleatNet Network Layer
FleetNet Link
Layer Control FleetNet Data Link Control Layer
FlaetNet PHY

FleetNet Protocol Functionalities

FleetNet Network Layer
Control

» Beacon generation

« Position update table
(routing,address mapping
= Power control

FleetNet Network Layer
+» Forwarding
*» DLC service selection

FleetNet FleetNet Link Layer
Management | Control
* Radio ressource mgmt
* Dynamic channel
allocation

FleetNet DLC

«LLC: Buffering, ARQ, segm.

*MAC: Frame synchronization,
random access,
priorities, reservation

FleetNet Phy

94
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Position Based Routing

For inter-vehicle communications, addressing w.r.t. IDs and/or
geographic positions is required.

rUnique ID (Geographic POSitiO’J L3 address of a Fleetnet node

Forwarding according to positions:

Neighbor Table:

ID Pos

2 5,0 lDest: 6 at position 15,1; Src: 1 at position 0,1]

4 10,0 /"\

5 113
3) ®

@ ®
Source @ 4

Destination

Position Based Routing: Requirements & Advantage-s"‘ -
Requirements:

- Each node has to be aware of its position & position of its 1-hop neighbors
- Location Service maps node IDs to their current geographic position
- Strategies to handle positional errors

- Greedy forwarding strategy plus recovery strategy

Advantages of Position Based Routing

- no route setup/maintenance needed
- forwarding hops determined ‘on the fly’
- thus, works in highly dynamic networks

- Geocast addressing easily supported Greedy Routing Failure

95
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Radio Hardware and Frequency Bands

1. Funkwarn-System Robert Bosch GmbH 868 MHz

2. Radar systems 24,00 - 24,25 GHz

3. IEEE 802.11 Radio LANs ISM-Band: 2,4 - 2,483 GHz

4. ETSIUBRAN Hiperlan Hiperlan bands at 5 GHz

5. UTRATDD Unlicensed UMTS-Band: 2,010 -2,020 GHz

Most promising candidate: UTRA TDD

UMTS Standard

Supports high speeds and sufficient user bitrates
Unlicensed frequency band of 10 MHz (2010 - 2020 MHz)
Technical problems can be solved

UMTS - mass market anticipated

oA wN S

Medium Access Control and Radio Resource Management
FleetNet Ad Hoc Mode - UTRA TDD Ad Hoc

Transmitter-concept: One transmitting node per time slot and multiple codes
1Frame =10 ms

Slot no. 1 7 17 4
oo (T I T I TII T LTI )

e
gx;rgep;e v @ Time slot 1
Code1: —p ‘ N Time siot 7
Code2: = -p iy 2 4 Time slot 12

Code3: e > @ .
—

>

e Equal power for all codes
e PC mechanism like in pure TDMA systems can be used

Source: Siamens AG. Author, M. Lot
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Reservation of Capacity

~ without collisions o~
—— T ST~ — !
States ) ~ ™~ R,/A'ng;‘jf ~ Circuit ~/ m_}sﬁ ,'/P;cket>~-..<,§\ Piggy-
ofa ( Idle ) {  Switched ) ( switched ) ) back
. ~ . / . Rigete 3
station - - = \M‘fﬂﬁ/\fj‘\/) ~.Mode -
Nam )
. /

® Reservation of Circuit-switched Broadcast Channel (CSBC)
o CSBC is a permanently reserved resource

e Capacity reservation by means of inband-signaling on CSBC
® Periodically usage of reserved slots as long as needed

> Performance similar to R-ALOHA without collisions

Resource Management

e Broadcast of slot status (reserved / free) on CSBC
o Hidden stations can be combated

MAC und RRM

e Frame and slot structure like UTRA TDD (TDMA/CDMA/TDD)

1 Superframe =40 ms
Slotno.: 1 6 1

I N 1 I M B

Code /= >
1Frame=10ms
l :E",‘icp:,m <‘+‘> Pa-demand Jyﬁunﬁc reservation phase i l

‘1 Flexible boundary 10 15
defined by slot structure

Reservation of Circuit-switched Broadcast Channel (CSBC)
CSBC is a permanently reserved resource

Capacity reservation by means of inband-signaling on CSBC
Periodically usage of reserved slots as long as needed

=» Performance similar to R-ALOHA without collisions

® & o

e Broadcast of slot status (reserved / free)
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FleetNet - Synchronization (1)
Coarse Time Synchronization

e To ensure a reception of bursts without overlap (allign nodes to
commonly used frame structure)

T1 Transmission Tﬂ Guard r _l
En ommiater 7 Ta]
a8 R« S e
Atsym: Atsync

e Realization: Using external time reference coming from GPS:

- accuracy: < 1 ys (Sufficient for coarse time synchronization)

- one clock reference for all FleetNet nodes
Fine Time + Frequency Synchronization (One-Shot Sync.)

e Realization: Correlation with reference midamble

Additional schemes without GPS are under investigation

Source: Siemens AG / TUHH Author, A Ebner

FleetNet - Synchronization (2) =5

One-shot Synchronization

e Each received burst has to be demodulated and decoded without any prior
knowledge of the respective transmitting FleetNet node

e Task s to estimate

1. time offset, caused by different propagation delays and imperfect coarse time
synchronization

2. Carrier frequency offsets, caused by doppler shifts and frequency offsets of the local
oscillator

User data field 1, Code | User data field 2. Code 1

User data field 1, Code 2 Midamble User data field 2, Code 2| Guard

e Realization: Using the received midamble field for

1. Fine Time Synchronization (search max. correlation with reference midamble)

2. Frequency Synchronization (search max correlation with modulated version of
reference midambie)

Source; Slemens AG / TUHH. Author. A Ebrat
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Internet Integration

Goal

% Vehicles should be able to access the Internet using FleetNet

Achieved by a gateway architecture

*x Gateway functionality provided by FleetNet node
* E.g., road-side station (,,FleetNet Gateway")

x FleetNet Gateways offer Internet access as a service

Challenges for efficient communication

x Temporary (short-living) Internet connectivity
x Mobility of vehicles

x Discovering FleetNet Gateways

x  Support of legacy applications

Internet Integration — Communication Architecture

Approach: Combination of Mobile IP and Proxy
x Mobile IP supports mobility of vehicles

* Transparent to upper communication layers!

x Proxy within the Internet separates connections
= Allows deployment of new transport protocol
= Enables Caching
* Allows a transparent Internet access

* Legacy applications within vehicle supported

Service Discovery

x Vehicles can find FleetNet Gateways

x Applications can choose ,best“ gateway
% Enable marketing along the road
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Contents

introduction
Application Classes
Objectives and Partners

Challenges
- Postion Based Routing
- Radio Hardware
- MAC and RRM
- Internet Integration

u—> Summary

HloathNaet

TR
Summary

Ad hoc radio networks will provide new applications
e Which will complement todays telematic services based on cellular networks

Application Fields

e Cooperative Driver Assistance Applications

e Decentralized Floating Car Data Services

s User Communication and Information Services

FleetNet - Internet on the Road

e Communication platform based on mobile ad hoc radio networks
e Objectives: Standardization and Demonstration

e Results will be open

e Further Information: www.fleetnet.de
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&= Cars on the Internet was yesterday
r. j mmE
NP Cars as Internet is tomorrow e
DAIMLERCHRYSLER 2 s} FQKUS:
Temic ’
Further Information: This project is partially funded by '@ I Bundesministerium
the German Ministry of Education for Bildung
www.fleetnet.de and Research (BMB+F) ! und Forschung
]
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