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Introduction to wireless and mobile Internet  
¶ 5ŜŦƛƴƛƴƎ άƳƻōƛƭŜ ƛƴǘŜǊƴŜǘέ 

o No single definition, but consists of several ideas 

o Location-independent access 

o Wire-free access 

o Internet access 

o Seamless access 

o ISP-independent access 

¶ Evolution in telecommunications technologies 

o Telephony ς wired, wireless, cellular 

o Internet ς fixed, wireless, mobile 

o An increase in: 

Á Number of services 

Á Time/space accessibility 

Á Number of applications 

o Network traffic ς voice, text, data 

¶ Trends 

o Fixed to mobile access ς fixed access for voice service nearing saturation 

o Voice to data ς ǘƻŘŀȅΩǎ ƛƴǘŜǊƴŜǘ ǳǎŜǊǎ ŀre potentially future mobile internet users 

o We see less and less time required to get the first 50 million users 

Á Service tariff and device price 

Á Accessibility and ease of use, and number of applications available 

¶ Future telecommunication systems 

o Support new and existing applications 

o Horizontal communication between different access technology 

o Connected through a common, flexible, seamless (IP-based?) core network 

o Global roaming and inter-working between different access technologies with both horizontal (intra-

system) and vertical (inter-system) handover 

Wireless cellular data networks  
¶ Mobile circuit vs packet switching 

o Circuit switching 

Á Dedicates a channel to the data even when not in use 

Á Low system efficiency and low data rates 

Á Good real-time QoS, and build on existing wireline CS networks 

o Packet switching 

Á More suitable for burst data traffic 

Á Higher system efficiency and higher data rates 

Á Needs change to existing CS core networks 

Á More difficult in providing real-time QoS to multimedia applications 

2G cellular data services  
¶ Cellular digital packet data (CDPD) 

o Peer multiprotocol, connectionless network 

o Shares unused channels in existing AMPS (later PCS) to provide 19.2 kbps data 

o Data transmission for mobile-mobile, mobile-fixed, fixed-mobile, fixed-fixed users 
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o Using mobility tunnel based on the connectionless network protocol (CLNP) 

¶ High speed circuit switched data (HSCSD) 

  
o Allows GSM system to use >1 timeslot per TDMA frame, for up to 8x faster than the usual 9.6kbps 

o Supports either UL/DL symmetric or asymmetric transmissions (can be renegotiated) 

o No need to change air interface or access network 

More recent cellular data services  
¶ Wireless application protocol (WAP) 

  
o A universal, open standard designed to work with all technologies (GSM, CDMA, etc) 

o Based on existing Internet standards (IP, XML, HTML, HTTP) 

o Designed to deal with wireless limitations including: 

Á Processor power and memory capacity 

Á Battery life 

Á Small and limited display 

o Includes security capabilities 
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o WAP infrastructure translates HTML to WMP, and converts WML to compact binary WML 

  
o WAP programming model 

Á Simplified architecture: Client, Gateway and Original Server 

Á HTTP used between Gateway and Original Server 

Á Gateway used as a proxy server for the wireless domain 

¶ i-Mode service 

  
o Introduced in Japan by NTT DoCoMo in Feb 1999 for mobile web access 

o Pricing is based on volume of data rather than connection time (as with WAP) 

o Access to public Internet and dedicated leased-line circuit for security (e.g. m-commerce) 

o Wireless TCP (WTCP) to better handle the wireless channel; iHTML used similar to WML 

¶ FOMA 3G service in Japan (Nov 2001) 

o An enhancement to the i-mode to handle more multimedia content 

o Downlink/Uplink speeds of 384/64 kbps 

o Uses WCDMA, spread spectrum and Rake receivers 
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Cellular mobile net works (GPRS, EGPRS, UMTS, cdma2000) 

EGPRS 

¶ Enhanced general packet radio service (EGPRS) 

o Defined by ETSI 

o An evolution of GSM, using 

Á TDMA-based packet switched radio technology with 200kHz channels 

Á A time frame structure similar to GSM 

Á An evolved packet-switched GPRS core network 

o First implementation phase is GPRS 

o EGPRS is enhanced in both the air interface (EDGE) and the core network (packet only) 

¶ GPRS 

o Packet-switched core network for more efficient IP-based services 

o Consists of 2 types of routers: 

Á Serving GPRS supporting node (SGSN) ς connected to BSS as an access router to the network 

Á Gateway GPRS supporting node (GGSN) ς gateway router to other packet data networks 

o Data-friendly protocol design to support the burst nature of data traffic 

o Re-uses many existing GSM infrastructure 

  
o GGSN 

  
Á Gateway between GRPS PLMN and other packet data networks (IP, X.25, etc.) 

Á Message screening, collect billing data, relaying, routing, address translation, GTP, mobility 
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o SGSN 

  
Á Authentication, admission control, relay, routing, encapsulation, tunnelling, mobility, cipher, 

compression, subnetwork-dependent convergence protocol 

¶ EGPRS 

o Continues to use GPRS core network 

o New air interface ς Enhanced data rate for GSM evolution (EDGE) 

Á Uses 8-PSK to get 384kpbs and 0.5 bps/Hz/base 

o First phase 

  
Á A path for traffic and another for data 

o Second phase 

  
Á Eliminates the circuit-switched network 

Á All IP-based GPRS 

Á Improved network utilisation and integration 

Á Reduced operational cost 

o Each SGSN is connected to a VLR 

Á VLR holds temporary database of currently attached users 

Á VLR contacts permanent database in HLR for authentication 

o Designed to operate in most current 2G spectrum allocations 
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o EGPRS protocol stack 

 
¶ GPRS new tunnelling protocol 

o GTP tunnels PDUs through the GPRS backbone network between two GSNs 

o Header contains tunnel end point ID (point-to-point/multicast) or group ID (point-to-multipoint) 

o IPv4 is used below GTP in GPRS backbone. 

o Handles mobility, registration and authentication 

o Encapsulated packets with an outer GTP/UDP/IP header 

o Adds 48 bytes in header, which is substantial for VoIP applications 

Standardisation  
¶ Evolution from 2G to 3G 

  
¶ Standards organisations 

o International Telecommunication Union (ITU) 

o European Telecommunications Standards Institute (ETSI) 

o Third Generation Partnership Project (3GPP) 

Á ETSI, ANSI T1, ARIB Japan, Korea TTA, China WTS 

Á Working on 3G Based on evolved GSM core network 

Á ¦ǎŜǎ ŀ ǎȅǎǘŜƳ ƻŦ ǇŀǊŀƭƭŜƭ ΨǊŜƭŜŀǎŜǎΩ ǘƻ ƳŜŜǘ ŘŜƳŀƴŘ ŦƻǊ ƴŜǿ оD ǎǇŜŎƛŦƛŎŀǘƛƻƴ ŦŜŀǘǳǊŜǎ 

o Third Generation Partnership Project 2 (3GPP2) 

Á ANSI 

Á Working on 3G based on IS-95 for cdma2000 

o Internet Engineering Task Force (IETF) 

o Universal Mobile Telecommunications System (UMTS) Forum 

o Mobile Wireless Internet Forum (MWIF) 
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UMTS 
¶ Evolution at all logical layers for higher bit rates, and more services 

o Application  voice Ą data Ą internet 

o Terminal  single-mode Ą multi-mode Ą adaptive-mode 

o Core network  circuit Ą packet Ą ISDN Ą IP 

o Access network  GSM Ą GPRS/EDGE Ą W-CDMA 

¶ UMTS network architecture 

  
¶ UMTS Context 

o UMTS is the 3G evolution of the GSM/GPRS 2.5G network 

o Serving network domain = core network (CN) 

Á Reuses GSM/GPRS network elements 

Á MSC performs voice transcoding and bridges cellular network to PSTN 

Á SGSN and GGSN provide packet data services 

o Access network domain = UMTS Terrestrial radio access network (UTRAN) 

Á Manages WCDMA access technology 

Á Radio network controller (RNC) provides data link layer services 

Á Physical radio channel provided by Node B (many ~300 Node B per RNC) 

¶ UTRA network architecture 

  
o UTRA FDD access mode 

Á Different carrier frequencies for uplink and downlink 
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Á 2 × 5 MHz spectrum minimum 

Á Purely CDMA system 

Á For public macro- and micro-cell up to 384 kb/s and high mobility applications  

o UTRA TDD access mode 

Á Same carrier frequency for up and down link, time multiplexed 

Á 5 MHz spectrum minimum 

Á Referred to as TD-CDMA system 

Á For public micro- and pico-cell up to 2 Mb/s on licensed and unlicensed cordless WLL 

applications. Best suited for indoor, asymmetric, high traffic. 

o Having both TDD and FDD modes give flexible capacity allocations 

o Both modes use frequency band in 2 GHz region 

o Basic system parameters (carrier spacing, chip rate, frame length) harmonised 

¶ Architectural improvements over GSM 

o Wideband access ς higher bit rates for multimedia 

o Mobile-fixed-internet convergence ς uniform way to offer service portability across domains 

o Flexible service architecture ς standardised blocks that make up the services 

¶ Virtual home environment in 3GPP OSA 

  
o System concept for personalised service portability across network and terminal boundaries  

o Use of home network services even when roaming 

o Service capability server (SCS) ς the servers 

Á E.g. MSC 

o Service capability features (SCF) ς the software layer of interface classes on top of SCSs 

Á E.g. call control, location/positioning, notifications 

cdma2000  
¶ cdma2000 

o Evolved from cdmaOne, which uses IS-95 air interface and ANSI-41 core network 

o 1X version to provide 144 kbps single carrier, cooperating with cdmaOne networks 

o 3X version to become a 3G system at 2Mbps 

o A more IP friendly architecture due to influence of mobile IP at core design 
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¶ Architecture 

  
o cdma2000 packet core network (PCN) 

Á Uses packet data serving node (PDSN) instead of SGSN 

Á Mobility management by mobile IP rather than HLR and signalling system 7 (SS7) 

Á PDSN as foreign agent (FA) of mobile IP, providing care-of address (CoA) to users and 

unwrapping IP packets tunnelled from the home agent (HA) 

Á Link from the PDSN to mobile users is provided by a point to point protocol (PPP) 

¶ Packet data services 

o 2 general services provided to a mobile user 

Á Local and public network access 

Á Private network access ς identical to local network access and to public internet 

Á Service access providers (SAP) may offer services in its own private IP network 

o Simple IP access method 

Á User is assigned a dynamic IP from SAP 

Á IP is maintained within some network in a geographical area 

Á IP is not maintained outside of this area 

o Mobile IP access method 

Á Based on RFC 2002 

Á Uses either static or dynamic IP belonging to home network 

Á IP is maintained when moving in IMT-2000 or other networks 

o Reference model 

  
o Access layer 

Á Mobile station supports in regard to provider 

¶ Radio access technology 

¶ Signalling standards (supporting only a single packet data service) 



ELEC5509 ï Mobile Networks Edmund Tse 2010 

 

Page 12 of 42 

Á Access network 

¶ Authentication and authorisation for MS to use the service 

¶ Establishes connection to IMT-2000 network 

¶ Initialises a data link layer 

o Data link layer (2 types supported) 

Á PPP for version 1 and 2 

¶ PPP in compliance with RFC 1661 

¶ PPP compression control protocol (RFC 1962) for payload compression 

Á Simple data link-layer protocol for version 2 

o Network layer (2 types of network access methods) 

Á Mobile IP 

¶ Local and public network access ς HA in IMT-2000 service provider network (SPN) 

¶ Private network access ς HA in private network, authentication by private network 

Á Simple IP 

¶ Local and public network access ς IP dynamically assigned by serving network 

¶ Private network access ς same + VPN software in mobile station 

o Security (3 levels) 

Á Radio access security 

¶ Authentication of the mobile station 

¶ Support of air interface encryption 

Á IP network security 

¶ Mobile IP ς FA challenge to authenticate MS 

¶ Simple IP ς challenge handshake (CHAP) or password (PAP) authentication protocol 

Á User end-to-end security (optional) 

¶ A functional model 

  
o Home agent 

Á Authenticate mobile IP registration from MS 

Á Redirect packets to the FA 

Á May manage secure communications to the PDSN (as Mobile IP FA) 

Á Receive user provisioning info from Authentication, Authorisation and Accounting (AAA) 

Á May assign a dynamic home address 

o PDSN 

Á Manages PPP session to MS 

Á Support FA functionality 

Á Initiate AAA functions for MS data session 

Á Simple IP ς give IP address and map it with a unique layer 2 connection used for PCF 

Á Mobile IP ς map MS and HA addresses with unique link layer identifier used for PCF 
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Á May manage secure communication to the HA or the mobile IP foreign home auth extension 

Á Receive user profile (differentiated services, security info) from AAA for MS 

Á Record usage data, communicate accounting info from PCF to AAA 

Á Route packets to IP network or reverse tunnel to HA 

Á Manage layer 2 connection between PCF and PDSN 

Á Maintain PPP connection 

Á Tag and process packets as necessary for QoS profile 

o AAA (in service provider network) 

Á Pass authorisation requests between PDSN and home IP network 

Á Store accounting for MS from the PDSN 

Á For mobile IP, may support handoffs between PDSNs that do not involve home IP net 

Á For mobile IP, dynamically identify a HA and assign a user to that HA 

o AAA (in home IP network) 

Á Authenticate and authorise the MS based on requests from local AAA 

Á Provide user profile and QoS information to PDSN 

Á For mobile IP, dynamically identify a HA and assign a user to that HA 

o AAA (in a broker network) 

Á Forward requests and responses between service provider network and home IP network 

without direct association 

Á Modes of operation 

¶ Non-transparent ς new requests created based on incoming requests 

¶ Transparent ς broker AAA only relays 

¶ Redirection ς broker AAA refers service provider to another AAA 

o Packet control function (PCF) 

Á Manage layer 2 connection to PDSN 

Á Interact with PDSN to support dormant handoff 

Á Buffer incoming PDSN packets when radio resources are unavailable 

Á Communicates with RRC to manage radio resources with MS 

Á Forward serving PCF info to target PCF for hard handoff 

o Radio resources control (RRC) 

Á Optional: authentication and authorisation of MS for radio access; air interface encryption 

Á Mange radio resources for communication between MS and PCF 

Á Monitor radio resource status 

Á Broadcast packet zone ID in the system overhead message 

o Mobile station (MS) 

Á Manage data link protocol to PDSN 

Á Request appropriate radio resources from the network 

Á Buffer packets from applications when radio resources are unavailable 

Á Detect change in packet zone, system or network ID to initiate dormant handoff with RRC  

¶ Architectural models for mobile IP 

o MS access to SPN using air interface to connect to radio network (RN) 

Á One service provider at a time (home or visited network) 

o Mobility management using air interface procedures including interaction between VLR and HLR 

o An open R-P interface between RN and PDSN 

o Interaction of PDSN to local and visited AAA and other servers using IP 
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o For mobile IP: 

 
o For simple IP, HA is not required but interaction with AAA servers might be used in roaming case 

o Protocol reference model 

  
o Protocol reference model with mobile IP 

  
¶ Interfaces 

o Peer-to-peer interfaces between network home and visited IMT-2000 (intra-family) 

Á HA to PDSN Mobile IP 

Á AAA to AAA AAA protocol (peer-to-peer) 

Á HLR to VLR ANSI-41 

o Intra-service provider interfaces 

Á PDSN to AAA AAA protocol (client-server) 

Á HA to AAA AAA protocol (client-server) 

Á RN to PDSN R-P interface 
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¶ Accounting 

  
o Accounting information exchanged between visited AAA servers and home AAA servers using 

standardised accounting data interchange format (ADIF) 

¶ Cellular mobility management 

o Location management (LM) technique 

Á Find the real location of a MT from time to time and find its nearest point of attachment to 

the network 

o Handoff management (HM) technique 

Á Need efficient, reliable and quick handoff scheme to maintain and re-route an ongoing 

session while MT moves between coverage areas 

o Mobility management = LM + HM 

¶ Wireless IP mobility management 

o PCF to PCF handoff 

Á Link-layer mobility management function used to manage the change of R-P attachment 

Á May happen for an active or dormant MS 

Á Involves 

¶ PDSN selection 

¶ New R-P session setup 

¶ Tear down of previous R-P session 

Á Each PCF is uniquely identified by: 

¶ System ID (SID) 

¶ Network ID (NID) 

¶ Packet Zone ID (PZID) 

o PDSN to PDSN handoff 

Á Mobile IP provides IP-layer mobility management across PDSNs 

Á MS performs this handoff by registering with its HA as per RFC 2002 with some extensions 

Á Requires active MS, and involves: 

¶ Establish new PPP session 

¶ Detect new FA via agent advertisement message 

¶ Authentication via remote authentication dial in user service (RADIUS) 

¶ Register with HA  
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Mobile netw orks of the future  

Beyond third generation systems  
¶ Global 3G goals and modes of operations 

o DS-CDMA based on UTRA FDD of 3GPP 

o MC-CDMA based on cmda2000 using FDD of 3GPP2 

o CDMA TDD based on UTRA TDD of 3GPP 

o Goal ς a generic protocol stack 

Á Simplify global roaming 

Á Connectivity to EGSM and ANSI-41 core networks 

Á Eventually connection of UTRA to an all-IP core network 

¶ 3G harmonisation 

  
o Operators 

Á Minimises risk in 3G investment 

Á Ensures compatibility and smooth evolution from existing infrastructure 

Á Interworking between 3G core network and GSM/ANSI-41 

o Manufacturers 

Á Reduced development cost and R&D efforts 

o Users 

Á Simplifies roaming between regions and systems 

Á Reduced device and service cost 

o Mobile wireless internet forum defined a functional network architecture, consisting of application, 

service control and transport layers, with security across all layers 

¶ Systems beyond 3G 

o Horizontal communication between different access technology 

o hƴ ŎƻƳƳƻƴ ǇƭŀǘŦƻǊƳ ǘƻ ŎƻƳǇƭŜƳŜƴǘ ŜŀŎƘ ƻǘƘŜǊΩǎ ǎŜǊǾƛŎŜǎ 

o Common, flexible, IP-based core network 

Á Efficient support of internet services 

Á GSM evolution with IP overlay is still circuit switched 

o Global roaming with intra and inter system handover across different technologies 

o Seamless service negotiation including mobility, security, QoS 


















































