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Mobile terminals
• Netgear Skype phone first 

released 2007

• Makes and receives Skype 
calls where there is WiFi
access

• One of the first mobile devices 
to allow VoIP calls aside from 
laptop PCs

• Released around the same 
time as the first generation 
iPhone, although Skype (the 
iOS app) released a few years 
after

• Various VoIP protocols (e.g., 
SIP, H.323) have matured

• RTT needs to be less than 
100ms for good quality voice 
conversations



Mobile technology 
evolution
NMT (1981)
• NMT was the first fully 

automatic cellular phone 
system standard

• Analog system using FFSK at 
450 and 900 MHz with wide 
cell coverage, from 2km to 
30km, can do handovers

• The primary function of first 
generation mobile networks is 
for voice calls, but NMT-Text 
function allows data transfer, 
transfer speeds up to 380bps

• System was prone to noise, 
and voice traffic was exposed, 
i.e., not encrypted

• Other analog systems: TACS 
(1983), AMPS (1984)



GSM (1991)
• Also called 2G, the first digital 

circuit-switched cellular phone 
standard (ETSI)

• The world default standard for 
cellular communications

• Using TDMA (GMSK) at 900MHz 
(GSM), 1800MHz (DCS), PCS 
(1900MHz)

• Still focused on CS, with added 
PS (2.5G) functions GPRS (at 
128kbps) (and later EDGE (at 
384kbps)), and messaging 
(SMS)

• International roaming is a 
default feature

• Secure, using SIM-encrypted 
authentication, and A5/1 on Um

• Other 2G systems: D-AMPS 
(1993), IS-95 (cdmaOne) (1995)



UMTS (2002)
• Also called 3G, based on GSM 

(3GPP, ITU IMT-2000)

• Using W-CDMA on standard 
defined bands (usually 
2100MHz)

• The first standard to be 
designed for both CS and PS 
services with HSPA; HSPA+ 
(3.5G) maximum transfer rate of 
42Mbps

• W-CDMA provides balance of 
performance, capacity, density 
and cost

• Features like video calling, MMS 
were flops; very few handsets  
with www browsing capability; 
dedicated CS resources on Uu
limiting PS capabilities

• Other 3G systems: CDMA2000 
(2002)



LTE (2011)
• Also called 4G, based on 

GSM/EDGE and UMTS/HSPA 
(3GPP)

• Using OFDMA (dl) and SC-FDMA 
(ul) (FDD), and OFDMA (TDD) 
on standard defined bands

• LTE is an all-PS, all-IP network 
with no CS function, peak 
transfer rate of 300Mbps (dl) 
and 75Mbps (ul) using 20MHz 
spectrum bandwidth

• Low latency (5ms), high 
mobility (500kmph), very high 
density (200 active clients per 
5MHz cell)

• VoLTE, CSFB and OTT-VoIP as 
voice call “solutions”

• Other 4G systems: WiMAX 
(2009)



Trends: mobile 
communication
• 2G uptrend was spearheaded 

by need for mobility on basic 
communication needs (i.e., 
voice and messaging)

• Internet use on the rise at 3G 
adoption, rise of mobile 
corporate email use (and 
popularity of Blackberry)

• Smartphones widespread 
during the rise of 3G (iPhone 
era), but internet use mainly 
limited to WiFi due to cost of 
3G data

• Popularity of social media, IM, 
network gaming, VoIP, and 
streaming media as mobile 
apps

• Lower cost and technological 
advances in smartphones



MNO dilemmas
• Voice/SMS revenue on decline

• MNOs’ resistance to push 
down data rates

• IP telephony seen as threat to 
CS revenue (local and 
international/roaming calls)

• Lower ARPU force the need to 
restructure revenue sources 
and simplify the network 
architecture

• The current need for high PS 
capacity and bandwidth 
requires a more efficient use 
of RF spectrum, better than 
UMTS

• IP-based system more cost-
effective than legacy TDM/SS7 
equipment



IP “enablers”: 
SIGTRAN
• SIGTRAN is SS7 over IP

• SS7 is a set of telephonic 
signaling protocols used to set 
up PSTN calls

• SCTP is a “new” transport 
protocol with time sensitivity, 
multi-homed endpoints (vs 
TCP strictly connecting 2 
endpoints only)

• SIGTRAN is used in MSC soft-
switches in GSM and UMTS

• It will be used for as long as 
legacy systems (including 
PSTN) are in use



RADIUS and 
DIAMETER
• No, not those geometric terms!

• RADIUS is a client/server L7 
protocol that provides AAA 
management

• DIAMETER is a superset of 
RADIUS, with additional 
functionality (e.g., two-factor 
authentication, user roaming 
operations)

• Originally developed for ISP 
infrastructure

• RADIUS utilized by certain 
2G/3G systems to extend IN 
capabilities in CN and BSS

• DIAMETER is standard in LTE



Blade servers
• Modular, scalable, open-

architecture card computers

• Cost-effective solution with 
carrier-grade availability

• Many MNVs utilize blades for 
virtualization, clustering

• Entire core network nodes can 
be ported into machine code 
that runs on blade cluster

• A good example is Ericsson’s 
MSC – a legacy version of 
which was one entire cabinet 
that has been virtualized to 
run on two blade servers 
(using Tru64 UNIX)



QoS/QCI
• QCI is quality class identifier, 

an LTE mechanism to ensure 
that bearer traffic is assigned 
to the correct QoS

• Works similarly to IP QoS

• User is assured that delivery 
of service meets expectations

• MNOs can offer a wide variety 
of services that they can 
monetize



IP system 
security
• Beginning with UMTS, the 

“walled garden” of GSM, 
utilizing closed CP protocols 
(e.g., SS7) has slowly been 
“opened”, mainly because of 
the use of IP

• Both UMTS and LTE have 
standardized security 
mechanisms to cope with 
various vulnerabilities

• The usual IP solutions (e.g., 
firewalls, anti-spam, DDoS net 
apps) are also commonly 
employed in LTE systems



OSS and big data 
analytics
• OSS is operations support 

systems, used in the NOCs of 
MNOs to manage their networks

• Functions are O&M (e.g., alarm 
handling, site monitoring, etc.), 
data management (inventory), 
configuration management and 
testing

• Traditionally used to generate 
reports and statistics including 
KPI and SLA metrics

• By incorporating big data 
analytics, MNOs can have 
complete network picture all the 
way down to the granular (user) 
level

• Allows for MNOs to monetize 
mobile data and control the 
costs to deliver the correct 
services

• Privacy concerns



In summary…

• Mobile communications started as simple analog voice and messaging (SMS) 
services

• The succeeding mobile technologies addressed the limitations of the previous one, 
thus: GSM (going digital, with encryption), UMTS (with faster PS), and LTE (IP 
limitations in UMTS)

• The explosion in internet use due to availability and affordability of faster 
broadband connections, and advances in computing and smartphone technology, 
and have changed the mobile landscape for both users and MNOs

• Various IP solutions were incorporated into mobile system standards in order to 
improve legacy technologies (SS7), performance (QoS) and address security

• Advanced analytics can turn investment into opportunities for MNOs, allowing them 
to focus and monetize on OTT services



Thank you! 


