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Wireless Networking 

 Cellular system’s block diagram 
The cellular telephone system is responsible for providing coverage 

through a particular territory.  

 

 

BS1 

 

BS2 

Mobile Switching Center (MSC) 

Or  

Mobile Telephone Switching Office (MTSO) 

PSTN 

Voice and data links  

(landline or microwaves  

links) 

 

MS 

Radio link 

PSTN: Public Switched  

Telephone Network 
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Wireless Networking 

 Cellular system’s block diagram 

 BS 

 Must be connected to a central hub called MSC. 

 MSC 

 Provides connectivity between PSTN and BS’s (between all 

subscribers in the network). 

 PSTN 

 Connects conventional telephone switching centers with 

MSC’s throughout the world.  

 Common Air Interface (CAI) 

 It’s a protocol used on radio links to connect mobile 

subscribers to their BS’s. 
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Wireless Networking 

 Developments of wireless networks: 
 1G 

 As we have said before, the 1G and cordless networks 
were based on analog technology, provides analog 
speech and inefficient low rate. 

 MSC 

 Maintains all mobile related information 

 Controls each mobile handoff 

 Performs all of the network managements functions 

 Call handling and processing 

 Billing 

 Fraud detection 
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Wireless Networking 

 Developments of wireless networks: 
 1G 

 MSC 

 MSC’s are connected to each other via dedicated signaling 
channels for 

 Exchange of location 

 Validation 

 Call signaling information  

 Handoff 

 Cellular customers that roamed between different systems 
had to register manually each time that they entered a new 
market  this leads to the IS-41 
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Wireless Networking 

 Developments of wireless networks: 
 1G 

 Handoff 

 IS-41: is a network protocol standard allows different cellular 
systems to automatically accommodate subscribers who roam 
into their coverage area (interoperated roaming)  

 1G systems 
 AMPS: Advanced Mobile Phone Service, United States and Australia[  

 NMT (Nordic Mobile Telephone), used in Nordic countries, Switzerland, 
Netherlands, Eastern Europe   

 TACS (Total Access Communications System) in the United Kingdom   

 C-450 in West Germany, Portugal and South Africa  

  Radiocom 2000 in France, and RTMI in Italy  

 In Japan there were multiple systems. Three standards, TZ-801, TZ-802, 
and TZ-803 were be developed NTT 

      

http://en.wikipedia.org/w/index.php?title=Radiocom_2000&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Radiocom_2000&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Radiocom_2000&action=edit&redlink=1
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Wireless Networking 

 Developments of wireless networks: 

 2G 

 Employ digital modulation and advanced call processing 

capabilities. 

 Introduces a new network architecture 



Dr. Omar R Daoud 8 

Wireless Networking 

 Developments of wireless networks: 

 Typical 2G Architecture  

BTS — Base Transceiver Station  

BSC — Base Station Controller 

MSC — Mobile Switching Center 

VLR — Visitor Location Register 

HLR — Home Location Register 

BTS 

BSC 

MSC/VLR 

HLR BSC 

GMSC 

CO 

BSC 

BSC 
MSC/VLR 

CO 

PSTN 

PLMN 

CO 

Tandem Tandem 

SMS-SC 

PSDN 

PLMN - Public Land Mobile Network 

PSTN – Public Switching Telephone Network   P 
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Wireless Networking 

 Developments of wireless networks: 
 2G 

 Introduces a new network architecture 

 Mainly to reduce the computational complexity burden on the 
MSCs  Base Station Controller (BSC) is imposed in between 
the BSs and MSC.   

 2G wireless systems 
 Global System for Mobile (GSM) (TDMA-based), originally from Europe but used 

worldwide (Time Division Multiple Access)  

 iDEN (TDMA-based), proprietary network used by Nextel in the United States and 
Telus Mobility in Canada  

 IS-136 or D-AMPS, (TDMA-based, commonly referred as simply TDMA in the US), 
used in the Americas  

 IS-95 or cdmaOne, (CDMA-based, commonly referred as simply CDMA in the US), 
used in the Americas and parts of Asia  

 PDC (TDMA-based), used exclusively in Japan  
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 Developments of wireless networks: 

 2G 

 As an Example: The structure of the GSM is as follow (page 7) 

 MS 

 Base Station Subsystem (BSS) 

 Base Transceiver Station (BTS) 

 Base Station Controller (BSC) 

 Packet Control Unit (PCU) 

 Network Subsystem (NSS)  to the PSTN 

 MSC/Visitor Location Register (VLR) 

 Home Location Register (HLR)/ Authentication Center (AUC) 

 General Packet Radio Service (GPRS) core network  to the 

internet 

Wireless Networking 
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 Developments of wireless networks: 

 2G 

 As an Example: The structure of the GSM is as 

follow (page 7) 

 Base Station Subsystem (BSS) 

 Base Transceiver Station (BTS) 

Wireless Networking 

 A BTS is controlled by a parent BSC via 

the Base Station Control Function (BCF) 

 The BCF provides an Operations and 

Maintenance (O&M) connection to the 

Network Management System (NMS), and 

manages operational states of each TRX, 

as well as software handling and alarm 

collection.  
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 Developments of wireless networks: 

 2G 

 As an Example: The structure of the GSM is as 

follow (page 7) 

 Base Station Subsystem (BSS) 

 Base Station Controller (BSC) 
• It has 10s or even 100s of BTSs under its control, 

• handles allocation of radio channels, 

• receives measurements from the mobile phones, 

• controls handovers from BTS to BTS (except in the case of an inter-BSC 

handover in which case control is in part the responsibility of the Anchor MSC). 

• Acts as a concentrator where many different low capacity connections to BTSs 

(with relatively low utilisation) become reduced to a smaller number of 

connections towards the MSC (with a high level of utilisation). 

Wireless Networking 
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 Developments of wireless networks: 

 2G 

 As an Example: The structure of the GSM is as 

follow (page 7) 

 Base Station Subsystem (BSS) 

 Base Station Controller (BSC) 
• It is not only a BTS controller but, for some vendors, a full switching center, as 

well as an SS7 node with connections to the MSC and SGSN (when using 

GPRS).  

• provides all the required data to the Operation Support Subsystem (OSS) as well 

as to the performance measuring centers. 

 

Wireless Networking 
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 Developments of wireless networks: 

 2G 

 As an Example: The structure of the GSM is as 

follow (page 7) 

 Base Station Subsystem (BSS) 

 Packet Control Unit (PCU) 
• It performs some of the processing tasks of the BSC, but for packet data, 

• The allocation of channels between voice and data is controlled by the 

base station, but once a channel is allocated to the PCU, the PCU takes 

full control over that channel. 

 It can be built into the base station, built into the BSC or even, in some 

proposed architectures, it can be at the SGSN site. 

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as follow (page 7) 

 Base Station Subsystem (BSS) 

 Interfaces  
 Um - The air interface between the MS and the BTS. This interface uses LAPDm 

protocol for signaling, to conduct call control, measurement reporting, Handover, 
Power Control, Authentication, Authorization, Location Update and so on. Traffic 
and Signaling are sent in bursts of 0.577 ms at intervals of 4.615 ms, to form 
data blocks each 20 ms.  

 Gb - Connects the BSS to the Serving GPRS Support Node (SGSN) in the 
GPRS Core Network. 

 Ater - The interface between the Base Station Controller and Transcoder. It is a proprietary 
interface whose name depends on the vendor (for example Ater by Nokia), it carries the A 
interface information from the BSC leaving it untouched. 

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as 

follow (page 7) 

 Base Station Subsystem (BSS)  

 Interfaces  
 Abis - The interface between the BTS and BSC. Generally carried by a DS-1, 

ES-1, or E1 TDM circuit. Uses TDM subchannels for traffic (TCH), LAPD protocol 
for BTS supervision and telecom signaling, and carries synchronization from the 
BSC to the BTS and MS.  

 A - The interface between the BSC and MSC. It is used for carrying Traffic 
channels and the BSSAP user part of the SS7 stack. Although there are usually 
transcoding units between BSC and MSC, the signaling communication takes 
place between these two ending points and the transcoder unit doesn't touch the 
SS7 information, only the voice or CS data are transcoded or rate adapted.  

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as 

follow (page 7) 

 Network Subsystem (NSS)  
 It is the component of a GSM system that carries out 

switching functions and manages the communications 
between mobile phones and the PSTN.  

 It is owned and deployed by mobile phone operators 
and allows mobile phones to communicate with each 
other and telephones in the wider telecommunications 
network. 

 

Wireless Networking 



Dr. Omar R Daoud 18 

 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as 

follow (page 7) 

 Network Subsystem (NSS)  
 The architecture closely resembles a telephone exchange, 

but there are additional functions which are needed 
because the phones are not fixed in one location. Each of 
these functions handle different aspects of mobility 
management and are described in more detail below.  

 The Network Switching Subsystem, also referred to as the 
GSM core network, usually refers to the circuit-switched 
core network, used for traditional GSM services such as 
voice calls, SMS, and Circuit Switched Data calls. 

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as 

follow (page 7) 

 Network Subsystem (NSS)  
 There is also an overlay architecture on the GSM core 

network to provide packet-switched data services and is 
known as the GPRS core network. This allows mobile 
phones to have access to services such as WAP, MMS, 
and Internet access. 

 All mobile phones manufactured today have both circuit 
and packet based services, so most operators have a 
GPRS network in addition to the standard GSM core 
network. 

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as follow 

(page 7) 

 Network Subsystem (NSS)  

 Mobile Switching Centre (MSC)  

 It is a sophisticated telephone exchange which provides 
circuit-switched calling, mobility management, and GSM 
services to the mobile phones roaming within the area that it 
serves. This means voice, data and fax services, as well as 
SMS and call divert.  

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as follow 

(page 7) 

 Network Subsystem (NSS)  

 Mobile Switching Centre Server (MSC-S)  
 It is a soft switch variant of Mobile Switching Centre, which 

provides circuit-switched calling, mobility management, and 
GSM services to the mobile phones roaming within the area 
that it serves. MSC Server functionality enables split between 
control (signalling) and user plane (bearer in network element 
called as Media Gateway), which guarantees more optimal 
placement of network elements within the network.  

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as follow 

(page 7) 

 Network Subsystem (NSS)  

 Home Location Register (HLR)  

 It is a central database that contains details of each mobile 
phone subscriber that is authorized to use the GSM core 
network.  

 It stores details of every SIM card issued by the mobile phone 
operator. Each SIM has a unique identifier called an IMSI 
which is one of the primary keys to each HLR record.   

Wireless Networking 



Dr. Omar R Daoud 23 

 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as follow 

(page 7) 

 Network Subsystem (NSS)  

 Authentication Centre (AUC)  

 It is a function to authenticate each SIM card that attempts to connect 
to the GSM core network (typically when the phone is powered on). 
Once the authentication is successful, the HLR is allowed to manage 
the SIM and services described above. An encryption key is also 
generated that is subsequently used to encrypt all wireless 
communications (voice, SMS, etc.) between the mobile phone and the 
GSM core network.  

 If the authentication fails, then no services are possible from that 
particular combination of SIM card and mobile phone operator 
attempted.   

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as 

follow (page 7) 

 Network Subsystem (NSS)  

 Visitor Location Register (VLR)  
 It is a temporary database of the subscribers who have 

roamed into the particular area which it serves. Each BS in the 
network is served by exactly one VLR, hence a subscriber 
cannot be present in more than one VLR at a time. .  

 

Wireless Networking 
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 Developments of wireless networks: 

 2G 
 As an Example: The structure of the GSM is as 

follow (page 7) 

 Network Subsystem (NSS)  

 Equipment Identity Register (EIR)  
 It is often integrated to the HLR.  

 It keeps a list of mobile phones (identified by their International 
Mobile Equipment Identity (IMEI)) which are to be banned from 
the network or monitored This is designed to allow tracking 
of stolen mobile phones.  

 The EIR data does not have to change in real time, which 
means that this function can be less distributed than the 
function of the HLR .  

Wireless Networking 
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Wireless Networking 

 Developments of wireless networks: 

 2.5G 
 It is a stepping stone between 2G and 3G cellular wireless 

technologies.  

 The term "second and a half generation" is used to 
describe 2G-systems that have implemented a packet 
switched domain in addition to the circuit switched domain. 
It does not necessarily provide faster services because 
bundling of timeslots is used for circuit switched data 
services (HSCSD) as well. While the terms "2G" and "3G" 
are officially defined, "2.5G" is not. It was invented for 
marketing purposes only. 
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Wireless Networking 

 Developments of wireless networks: 

 2.5G 
 2.5G provides some of the benefits of 3G (e.g. it is packet-

switched) and can use some of the existing 2G 
infrastructure in GSM and CDMA networks.  

 GPRS is a 2.5G technology used by GSM operators.  

 Some protocols, such as EDGE for GSM and CDMA2000 
1x-RTT for CDMA, can qualify as "3G" services (because 
they have a data rate of above 144 kbit/s), but are 
considered by most to be 2.5G services (or 2.75G which 
sounds even more sophisticated) because they are several 
times slower than "true" 3G services. 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  
 To ensure implementation and coexistence with 

different air interfaces the following seven factors 
should be taken into consideration carefully    

 Co-planning 

 Intermodulation 

 Isolation 

 External operator interface 

 ACI 

 Inter-system handovers (slotted mode)  

 Guard zones and bands 



Dr. Omar R Daoud 29 

Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Co-planning 

 Due to the increasing problems associated with site 

acquisition  site sharing will be more prevalent within 

UMTS.  

 The yet unproven dangers of radio frequencies  

 Within dense urban areas a high volume of sites will be 

required  sharing possibilities must be explored. 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Intermodulation 

 The frequencies of signals that are generated as a result of 

the combination of harmonic generation and mixing action 

of multiple input signals by non-linear impedances in a 

systems or device (if there are two or more different 
frequencies present at the input of any amplifier).  

 Transmit intermodulation occurs when multiple carriers use 

the same amplifier  unwanted interference (usually 
occurs in BS transmitter)  
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Intermodulation 

 Assuming that the same frequency band can be used as 

that of the already deployed network (3G sites sharing 
with the existing 2G sites)  

 Two mapping techniques could be used 

 One-to-one mapping 

 One-to-n mapping  
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Intermodulation 

 One-to-one mapping 

 The transmission power radiating from both 
systems will be virtually the same  The 
intermodulation problem can be minimized  

 The cell size and coverage area will be identical for 
both systems ( 3G coverage will expand as the 
capacity requirement increases). 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Intermodulation 

 One-to-n mapping 

 One 3G cell will offer a greater coverage than a 
corresponding cell within the existing 2G system.  

 Careful planning must be performed, because when 
the User Equipment (UE) is located at the cell 
periphery and has reached its sensitivity limits   a 

dropped call will occur due to the high 

intermodulation 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Isolation requirements 

 The isolation is the actual attenuation from the output port 

of the Tx-BS to th input port of Rx-BS. 

 The isolation requirements can be derived from the 

European Telecommunications Systems Institute (ETSI) 

specifications and the 3GPP.  

 These requirements will affect the choice of antenna 

configuration and the filtering (GSM-Tx/Rx-BS, UMTS-
Tx/Rx-BS). 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 External Operator Interference  

 The isolation is the actual attenuation from the output port 

of the Tx-BS to th input port of Rx-BS. 

 The isolation requirements can be derived from the 

European Telecommunications Systems Institute (ETSI) 

specifications and the 3GPP.  

 These requirements will affect the choice of antenna 

configuration and the filtering (GSM-Tx/Rx-BS, UMTS-
Tx/Rx-BS). 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 External Operator Interference  

 As an example  

Building 

UE 

Microcell BS 

Operator Y 
 

 

Macrocells BS 

Operator X 

-UE assigned to operator X. 

-UE is located next to microcell belonging to 

operator Y. 

-Let both operators X and Yare operating on 

adjacent frequencies  part of the UE’s 

transmission are spelling over to Y.  

-The UE of operator X will experience Adjacent 

Channel Interference (ACI) in the downlink from 

the microcell of Y  generating an interference 

to affect all uplink connections of the entire cell. 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 External Operator Interference 

 As an example  

 As a solution for this scenario, that is either more spectrum or 

performing the inter-frequency (hard) handover. 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Inter-system Handovers  

 Handovers occur at two levels 

 Between 2G and 3G networks (inter-system handover) 

 Inter-frequency handover, which will occur within one 

operator’s system between separate carriers. In W-CDMA, 

there are two methods available for the inter-frequency 

handover:  

      - Dual Mode 

      - Slotted Mode   
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Inter-system Handovers  

 Inter-frequency handover 

 Dual Mode 

     * To employ a dual receiver system the UE will require  

          - antenna diversity 

          - a diverse receiver branch 

     * Antenna diversity: 

       It provides  

          1- diversity against interference and fading 

          2- averaging out any receiver noise  
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Inter-system Handovers  

 Inter-frequency handover 

 Dual Mode 

    * Antenna diversity: 

          This will have an impact on the UE design (physical size 
and costs) 
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  
 Inter-system Handovers  

 Inter-frequency handover 

 Dual Mode 

    * Diverse receivers in the UE: 

         As one or more receivers would be added, one receiver is 
switched to another frequency to continuously perform the 
required measurements, while simultaneously the other 
continues receiving in on the current operating frequency   

       

          No physical breaks  gives the possibility to run fast closed 
loop power control continuously  any high speed data 
connections will not be disturp.            
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Wireless Networking 

 Developments of wireless networks: 

 3G Co-planning and Co-existence  

 Inter-system Handovers  

 Inter-frequency handover 

 Slotted Mode 

    * Does not posses antenna diversity  simplifies the UE 

design  reduces the cost. 

    * Operates by utilising a space within the W-CDMA frame 
(uses the listen to another frequency)  

        - During the 10ms frame that required measurement 

information is transmitted and both transmission and reception 

is stopped for a few milliseconds to enable alternative 

frequency measurements to be performed.  



3G Overview 

 3G is created by ITU-T and is called IMT-

2000 



Evolution from 2G 

IS-95 IS-136 & PDC GSM- 

EDGE 

GPRS 

HSCSD 
IS-95B 

Cdma2000-1xRTT 

Cdma2000-1xEV,DV,DO 

Cdma2000-3xRTT 

W-CDMA 

EDGE 

TD-SCDMA 

2G 

3G 

2.5G 

3GPP 3GPP2 



Service Roadmap 

Improved performance, decreasing cost of delivery 

Typical 
average bit 
rates  
(peak rates 
higher) 

WEB browsing 

Corporate data access 

Streaming audio/video 

Voice & SMS 
Presence/location 

xHTML browsing 
Application downloading 

E-mail 

MMS picture / video 

Multitasking 

3G-specific services take 
advantage of higher bandwidth 

and/or real-time QoS 

A number of mobile 
services are bearer 

independent in nature 

HSDPA 
1-10 

Mbps 

WCDMA 
2 

Mbps 

EGPRS 
473 

kbps 

GPRS 
171 

kbps 

GSM 
9.6 

kbps 

Push-to-talk 

Broadband 
in wide area 

Video sharing  
Video telephony 
Real-time IP 
multimedia and games 
Multicasting 

C
D

M
A

 
2

0
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0
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GSM Evolution to 3G 

GSM 

9.6kbps (one timeslot) 

GSM Data 

Also called CSD 

GSM 

General Packet Radio Services 

Data rates up to ~ 115 kbps 

Max: 8 timeslots used as any one time 

Packet switched; resources not tied up all the time 

Contention based.  Efficient, but variable delays 

GSM / GPRS core network re-used by WCDMA (3G) 

GPRS 

HSCSD 

High Speed Circuit Switched Data 

Dedicate up to 4 timeslots for data connection ~ 50 kbps 

Good for real-time applications c.w. GPRS 

Inefficient -> ties up resources, even when nothing sent 

Not as popular as GPRS (many skipping HSCSD) 

EDGE 

Enhanced Data Rates for Global Evolution 

Uses 8PSK modulation 

3x improvement in data rate on short distances 

Can fall back to GMSK for greater distances 

Combine with GPRS (EGPRS) ~ 384 kbps 

Can also be combined with HSCSD 

WCDMA 



UMTS 

 Universal Mobile Telecommunications System 
(UMTS) 

 UMTS is an upgrade from GSM via GPRS or 
EDGE 

 The standardization work for UMTS is carried 
out by Third Generation Partnership Project 
(3GPP) 

 Data rates of UMTS are: 
 144 kbps for rural 

 384 kbps for urban outdoor 

 2048 kbps for indoor and low range outdoor 

 Virtual Home Environment (VHE) 
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UMTS QoS Classes 

Traffic class Conversational 

class 

Streaming 

class 

Interactive 

class 

Background 

Fundamental 

characteristics 

Preserve time 

relation between 

information 

entities of the 

stream 

 

Conversational 

pattern (stringent 

and low delay) 

Preserve time 

relation 

between 

information 

entities of the 

stream 

Request 

response 

pattern 

 

Preserve data 

integrity 

Destination is 

not expecting 

the data within 

a certain time 

 

Preserve data 

integrity 

Example of the 

application 

Voice, 

videotelephony, 

video games 

Streaming 

multimedia 

Web browsing, 

network games 

Background 

download of 

emails 



UMTS RADIO PROTOCOL STACK 
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3G UMTS Logical Channels 

53 

 The 3G logical channels include: 
 Broadcast Control Channel (BCCH)   (downlink).  

 This channel broadcasts information to UEs relevant to the cell, such as radio 
channels of neighboring cells, etc. 

 Paging Control Channel (PCCH)   (downlink).  
 This channel is associated with the PICH and is used for paging messages and 

notification information. 

 Dedicated Control Channel (DCCH)   (up and downlinks)  
 This channel is used to carry dedicated control information in both directions. 

 Common Control Channel (CCCH)   (up and downlinks).  
 This bi-directional channel is used to transfer control information. 

 Shared Channel Control Channel (SHCCH)   (bi-directional).  
 This channel is bi-directional and only found in the TDD form of WCDMA / 

UMTS, where it is used to transport shared channel control information. 

 Dedicated Traffic Channel (DTCH)   (up and downlinks).  
 This is a bidirectional channel used to carry user data or traffic. 

 Common Traffic Channel (CTCH)   (downlink)  
 A unidirectional channel used to transfer dedicated user information to a group of 

UEs. 

 



3G UMTS Transport Channels 

54 

 Dedicated Transport Channel (DCH)   (up and downlink).  
 This is used to transfer data to a particular UE. Each UE has its own DCH in each 

direction. 

 Broadcast Channel (BCH)   (downlink).  
 This channel broadcasts information to the UEs in the cell to enable them to identify 

the network and the cell. 

 Forward Access Channel (FACH)   (down link).  
 This is channel carries data or information to the UEs that are registered on the 

system. There may be more than one FACH per cell as they may carry packet data. 

 Paging Channel (PCH)   (downlink).  
 This channel carries messages that alert the UE to incoming calls, SMS messages, 

data sessions or required maintenance such as re-registration. 

 Random Access Channel (RACH)   (uplink).  
 This channel carries requests for service from UEs trying to access the system 

 Uplink Common Packet Channel (CPCH)   (uplink).  
 This channel provides additional capability beyond that of the RACH and for fast 

power control. 

 Downlink Shared Channel (DSCH)   (downlink). 
 This channel can be shared by several users and is used for data that is "bursty" in 

nature such as that obtained from web browsing etc. 

 



3G UMTS Physical Channels 

55 

 Primary Common Control Physical Channel (PCCPCH)   (downlink).  
 This channel continuously broadcasts system identification and access control 

information. 

 Secondary Common Control Physical Channel (SCCPCH)   (downlink)  
 This channel carries the Forward Access Channel (FACH) providing control 

information, and the Paging Channel (PACH) with messages for UEs that are 
registered on the network. 

 Physical Random Access Channel (PRACH)   (uplink).  
 This channel enables the UE to transmit random access bursts in an attempt to 

access a network. 

 Dedicated Physical Data Channel (DPDCH)   (up and downlink).  
 This channel is used to transfer user data. 

 Dedicated Physical Control Channel (DPCCH)   (up and downlink).  
 This channel carries control information to and from the UE. In both directions the 

channel carries pilot bits and the Transport Format Combination Identifier (TFCI). 
The downlink channel also includes the Transmit Power Control and FeedBack 
Information (FBI) bits. 

 Physical Downlink Shared Channel (PDSCH)   (downlink).  
 This channel shares control information to UEs within the coverage area of the node 

B. 

 



3G UMTS Physical Channels 
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 Physical Common Packet Channel (PCPCH)    
 This channel is specifically intended to carry packet data. In operation the 

UE monitors the system to check if it is busy, and if not it then transmits a 
brief access burst. This is retransmitted if no acknowledgement is gained 
with a slight increase in power each time. Once the node B acknowledges 
the request, the data is transmitted on the channel. 

 Synchronisation Channel (SCH)    
 The synchronisation channel is used in allowing UEs to synchronise with 

the network. 

 Common Pilot Channel (CPICH)    
 This channel is transmitted by every node B so that the UEs are able 

estimate the timing for signal demodulation. Additionally they can be used 
as a beacon for the UE to determine the best cell with which to 
communicate. 

 Acquisition Indicator Channel (AICH)    
 The AICH is used to inform a UE about the Data Channel (DCH) it can use 

to communicate with the node B. This channel assignment occurs as a 
result of a successful random access service request from the UE. 

 



3G UMTS Physical Channels 
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 Paging Indication Channel (PICH)    
 This channel provides the information to the UE to be able to 

operate its sleep mode to conserve its battery when listening on 
the Paging Channel (PCH). As the UE needs to know when to 
monitor the PCH, data is provided on the PICH to assign a UE a 
paging repetition ratio to enable it to determine how often it needs 
to 'wake up' and listen to the PCH. 

 CPCH Status Indication Channel (CSICH)    
 This channel, which only appears in the downlink carries the 

status of the CPCH and may also be used to carry some 
intermittent, or "bursty" data. It works in a similar fashion to PICH. 

 Collision Detection/Channel Assignment Indication 
Channel (CD/CA-ICH)    
 This channel, present in the downlink is used to indicate whether 

the channel assignment is active or inactive to the UE. 
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WCDMA Air Interface UE UTRAN CN 

Mapping of Transport Channels and Physical Channels 

Broadcast Channel (BCH) 

Forward Access Channel (FACH) 

Paging Channel (PCH) 

Random Access Channel (RACH) 

Dedicated Channel (DCH) 

Downlink Shared Channel (DSCH) 

Common Packet Channel (CPCH) 

Primary Common Control Physical Channel (PCCPCH) 

Secondary Common Control Physical Channel (SCCPCH) 

Physical Random Access Channel (PRACH) 

Dedicated Physical Data Channel (DPDCH) 

Dedicated Physical Control Channel (DPCCH) 

Physical Downlink Shared Channel (PDSCH) 

Physical Common Packet Channel (PCPCH) 

Synchronization Channel (SCH) 

Common Pilot Channel (CPICH) 

Acquisition Indication Channel (AICH) 

Paging Indication Channel (PICH) 

CPCH Status Indication Channel (CSICH) 

Collision Detection/Channel Assignment Indicator 

Channel (CD/CA-ICH) 

Highly Differentiated Types of Channels 
enable best combination of Interference 
Reduction, QoS and Energy Efficiency, 



TLT-5606  Spread Spectrum 

Techniques / 25.4. 2008 

Codes in WCDMA 

 Channelization Codes (=short code) 

 Used for  

 channel separation from the single source in downlink 

 separation of data and control channels from each other in the uplink 

 Same channelization codes in every cell / mobiles and therefore the additional 

scrambling code is needed 

 

 Scrambling codes (=long code) 

 Very long (38400 chips = 10 ms =1 radio frame), many codes available 

 Does not spread the signal 

 Uplink: to separate different mobiles 

 Downlink: to separate different cells 

 The correlation between two codes (two mobiles/Node Bs) is low 

 Not fully orthogonal 

 



Scrambling & Channelization Codes 
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Radio Resources Management 
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 Network Based Functions 
 Admission Control (AC) 

 Handles all new incoming traffic. Check whether new connection can be admitted to the system 
and generates parameters for it. 

 

 Load Control (LC) 
 Manages situation when system load exceeds the threshold and some counter measures have to 

be taken to get system back to a feasible load. 

 

 Packet Scheduler (PS) 
 Handles all non real time traffic, (packet data users). It decides when a packet transmission is 

initiated and the bit rate to be used. 

 

 Connection Based Functions 

 
 Handover Control (HC) 

 Handles and makes the handover decisions. 

 Controls the active set of Base Stations of MS. 

 

 Power Control (PC) 
 Maintains radio link quality. 

 Minimize and control the power used in radio interface, thus maximizing the call capacity. 

Source : Lecture Notes of S-72.238 Wideband CDMA systems, Communications Laboratory, Helsinki University of 
Technology  



UMTS Frequency Spectrum 

 UMTS Band  

 1900-2025 MHz and 2110-2200 MHz for 3G 

transmission 

  In the US, 1710–1755 MHz and 2110–2155 MHz will 

be used instead, as the 1900 MHz band was already 

used. 



UMTS Architecture 
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Subsystem

GMSC

Network Subsystem

AUCEIR HLR

Other Networks

Note: Interfaces have been omitted for clarity purposes.
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SGSN

BTS
BSC

Node

B
RNC

RNS

UTRAN

SIM
ME

USIM
ME

+

PSTN

PLMN

Internet



3.5G (HSPA) 

 High Speed Packet Access (HSPA) is an amalgamation 

of two mobile telephony protocols, High Speed Downlink 

Packet Access (HSDPA) and High Speed Uplink Packet 

Access (HSUPA), that extends and improves the 

performance of existing WCDMA protocols 

 3.5G introduces many new features that will enhance the 

UMTS technology in future. 1xEV-DV already supports 

most of the features that will be provided in 3.5G. These 

include: 

 Adaptive Modulation and Coding 

 Fast Scheduling 

 Backward compatibility with 3G 

 Enhanced Air Interface 

http://en.wikipedia.org/wiki/W-CDMA_(UMTS)


UMTS Network Architecture 

 UMTS network architecture consists of three 

domains 
 Core Network (CN): Provide switching, routing and transit for user 

traffic 

 UMTS Terrestrial Radio Access Network (UTRAN): Provides the 

air interface access method for user equipment. 

 User Equipment (UE): Terminals work as air interface counterpart 

for base stations. The various identities are: IMSI, TMSI, P-TMSI, 

TLLI, MSISDN, IMEI, IMEISV 



SYSTEM ARCHITECTURE 

 Functional network elements 

 User Equipment (UE) 

 interfaces with user and radio interface 

 Radio Access Network (RAN, UMTS Terrestrial RAN = UTRAN) 

 handles all radio-related functionality 

 Core Network 

 switches and routes calls and data connections to external 
networks 



SYSTEM ARCHITECTURE 

 PLMN (Public Land Mobile Network) 

 operated by a single operator 

 distinguished from each other with unique identities 

 operational either on their own or together with other sub-

networks 

 connected to other PLMNs as well as to other types of 

network, such as ISDN, PSTN, the Internet, etc. 



SYSTEM ARCHITECTURE 

 UE consists of two parts 
 Mobile Equipment (ME) 

 the radio terminal used for radio communication over Uu 
interface 

 UMTS Subscriber Identity Module (USIM) 
 a smartcard that holds the subscriber identity 

 performs authentication algorithms 

 stores authentication and encryption keys 

 some subscription information that is needed at the terminal 



SYSTEM ARCHITECTURE 

 UTRAN consists of two elements 
 Node B 

 converts data flow between Iub and Uu interfaces 

 participates in radio resource management 

 Radio Network Controller (RNC) 
 owns and controls radio resources in its domain  

 the service access point (SAP) for all services that UTRAN 
provides the CN 

 e.g., management of connections to UE 



 UTRAN 

 consists of one or more Radio Network Sub-

systems (RNS) 

 RNS 

 a subnetwork within UTRAN 

 consists of one Radio Network Controller (RNC) 

and one or more Node Bs 



 RNCs 

 may be connected to each other via Iur interface 

 RNCs and Node Bs are connected with Iub interface 

 Main characteristics of UTRAN 

 support of UTRA and all related functionality 

 support soft handover and WCDMA-specific Radio Resource 
Management algorithms 

 use of ATM transport as the main transport mechanism in 
UTRAN 

 use of IP-based transport as the alternative transport mechanism 
in UTRAN from Release 5 onwards 



 RNC (Radio Network Controller) 

 the network element responsible for radio resources 

control of UTRAN 

 it interfaces CN (normally to one MSC and one SGSN) 

 terminates RRC (Radio Resource Control) protocol 

that defines the messages and procedures between 

mobile and UTRAN  

 it logically corresponds to the GSM BSC 



 Main elements of CN 

a) HLR (Home Location Register) 

b) MSC/VLR (Mobile Services Switching 

Centre/Visitor Location Register) 

c) GMSC (Gateway MSC) 

d) SGSN (Serving GPRS (General Packet Radio 

Service) Support Node) 

e) GGSN (Gateway GPRS Support Node) 



(a) HLR (Home Location Register) 

 a database located in user’s home system that 

stores the master copy of user’s service profile 

 service profile consists of, e.g.,  

 information on allowed services, forbidden roaming 

areas 

 supplementary service information such as status of 

call forwarding and the call forwarding number 



 it is created when a new user subscribes to the 

system, and remains stored as long as the 

subscription is active 

 for the purpose of routing incoming transactions 

to UE (e.g. calls or short messages) 

 HLR also stores the UE location on the level of 

MSC/VLR and/or SGSN 



 (b) MSC/VLR (Mobile Services Switching 
Centre/Visitor Location Register) 

 the switch (MSC) and database (VLR) that serve the UE in 
its current location for Circuit Switched (CS) services 

 the part of the network that is accessed via MSC/VLR is 
often referred to as CS domain 

 MSC 

 used to switch CS transactions 

 VLR 

 holds a copy of the visiting user’s service profile, as well as 

more precise information on the UE’s location within the serving 

system 



(c) GMSC (Gateway MSC) 

 the switch at the point where UMTS PLMN is 

connected to external CS networks 

 all incoming and outgoing CS connections go 

through GMSC 



(d) SGSN (Serving GPRS (General Packet Radio 

Service) Support Node) 

 functionality is similar to that of MSC/VLR but is typically 

used for Packet Switched (PS) services 

 the part of the network that is accessed via SGSN is often 

referred to as PS domain 

(e) GGSN (Gateway GPRS Support Node) 

 functionality is close to that of GMSC but is in relation to 

PS services 



 External networks can be divided into two groups 

 CS networks 
 provide circuit-switched connections, like the existing telephony service 

 ISDN and PSTN are examples of CS networks 

 PS networks 
 provide connections for packet data services 

 Internet is one example of a PS network 



 Main open interfaces 

 Cu interface 

 the electrical interface between USIM smartcard and ME 

 Uu interface 

 the WCDMA radio interface 

 the interface through which UE accesses the fixed part of the system 

 the most important open interface in UMTS 



 Iu interface 

 connects UTRAN to CN 

 Iur interface 

 allows soft handover between RNCs 

 Iub interface 

 connects a Node B and an RNC 



 Iu interface 

 an open interface that divides the system 

into radio-specific UTRAN and CN 

 handles switching, routing and service 

control 



 Iu can have two main different instances 

and one additional instance 

 Iu CS 

 connect UTRAN to Circuit Switched (CS) CN 

 Iu PS 

 connect UTRAN to Packet Switched (PS) CN 

 Iu BC (Broadcast) 

 support Cell Broadcast Services 

 connect UTRAN to the Broadcast domain of CN 



  

 The following figure 

 depicts the Iu CS overall protocol structure 

 the three planes in the Iu interface share a common ATM 

(Asynchronous Transfer Mode) transport 

 physical layer is the interface to physical medium 

 optical fiber 

 radio link 

 copper cable 



 The following figure  

 depicts Iu PS protocol 

structure 

 a common ATM transport is 

applied for both User Plane 

and Control Plane 

 the physical layer is as 

specified for Iu CS 



 Iu BC interface 

 connects RNC in UTRAN with the broadcast 

domain of Core Network, namely with Cell 

Broadcast Centre 

 used to define Cell Broadcast information that is 

transmitted to mobile user via Cell Broadcast 

Service  

 e.g. name of city/region visualized on the mobile 

phone display 



 Iu BC is a control plane only interface 

 the protocol structure of Iu BC is shown as 

follows 



 SABP (Service Area Broadcast Protocol) 

 provides the capability for Cell Broadcast 

Centre in CN to define, modify and remove 

cell broadcast messages from RNC  

 SABP has the following functions 

 message handling 

 broadcast of new messages 

 amendment [修正] of existing broadcast 

messages 

 prevention of broadcasting of specific 

messages 



 load handling 
 responsible for determining the loading of the broadcast 

channels at any particular point in time 

 reset 
 permits CBC to end broadcasting in one or more Service 

Areas 



 Logical model of Node B includes 

 the logical resources provided by Node B to UTRAN (via 

Controlling RNC) - depicted as "cells" which include the 

following physical channel resources  

 DPCH (Dedicated Physical Channel) 

 PDSCH (Physical Downlink Shared Channel) 

 PUSCH (Physical Uplink Shared Channel) 

 the dedicated channels which have been established on 

Node B 

 the common transport channels that Node B provides to 

RNC 



 Iub interface signaling (NBAP, Node B 

Application Part) is divided into two 

essential components 

 common NBAP 

 defines the signaling procedures across the 

common signaling link 

 dedicated NBAP 

 used in the dedicated signaling link 



 User Plane Iub frame protocols 

define  

 the structures of the frames 

 the basic inband control 

procedures for every type of 

transport channel (i.e. for 

every type of data port of the 

model) 

 Q.2630.1 [Q.aal2 CS1] signaling 

 used for dynamic 

management of AAL2 

connections used in User 

Plane 



 Common NBAP (C-NBAP) procedures 

 used for the signaling that is not related to 

one specific UE context already existing in 

Node B  

 defines all the procedures for the logical 

O&M (Operation and Maintenance) of Node 

B 

 such as configuration and fault management 



 Main functions of Common NBAP 

 set-up of the first radio link of one UE, and 
selection of the traffic termination point  

 cell configuration 

 handling of the RACH/FACH/CPCH and 
PCH channels 

 initialization and reporting of Cell or Node B 
specific measurement 

 Location Measurement Unit (LMU) control 

 fault management 



DEDICATED NBAP 

 When the RNC requests the first radio 

link for one UE via C-NBAP Radio Link 

Set-up procedure 

 Node B assigns a traffic termination point for 

the handling of this UE context 

 every subsequent signaling related to this 

mobile is exchanged with dedicated NBAP 

(D-NBAP) procedures across the dedicated 

control port of the given Traffic Termination 

Point 



 Main functions of the Dedicated NBAP 

 addition, release and reconfiguration of radio 

links for one UE context 

 handling of dedicated and shared channels 

 handling of softer combining 

 initialization and reporting of radio link 

specific measurement 

 radio link fault management 



 UMTS radio interface, WCDMA 
 a bigger step in radio access evolution from 

GSM networks  

 UMTS core network  
 did not experience major changes in 3GPP 

Release’99 specification  

 Release’99 structure was inherited from 
GSM core network  
 both UTRAN and GERAN based radio access 

network connect to the same core network 



RELEASE ’99 CORE NETWORK 

ELEMENTS 
 Two domains of Release’99 core network 

 Circuit Switched (CS) domain 

 Packet Switched (PS) domain 

 The division comes from the different requirements 
for data 
 depending on whether it is real time (circuit switched) or 

non-real time (packet data) 



 Figure 5.12 

 Release’99 core 

network structure with 

both CS and PS 

domains 

 Registers 

 HLR, VLR, EIR 

 Service Control Point 

(SCP) 

 the link for providing a 

particular service to end 

user 



 CS domain has the following elements 

 Mobile Switching Centre (MSC), including 

Visitor Location Register (VLR) 

 Gateway MSC (GMSC) 



 PS domain has the following 

elements 

 Serving GPRS Support 

Node (SGSN) 

 covers similar functions 

as MSC for packet data, 

including VLR type 

functionality 

 Gateway GPRS Support 

Node (GGSN)  

 connects PS core 

network to other 

networks, e.g. to the 

Internet 



 In addition to the two domains, the 

network needs various registers for 

proper operation 

 Home Location Register (HLR) 

 Equipment Identity Register (EIR) 

 contains the information related to the terminal 

equipment 

 can be used to, e.g., prevent a specific terminal 

from accessing the network 



RELEASE 5 CORE NETWORK AND IP 

MULTIMEDIA SUB-SYSTEM 

 Release 4 included the change in core 
network CS domain 

 MSC was divided into MSC server and 
Media Gateway (MGW)  

 GMSC was divided into GMSC server and 
MGW 

 Release 5  

 contains the first phase of IP Multimedia 
Sub-system (IMS) 

 this will enable a standardized approach for 
IP-based service provision via PS domain 



 Release 6  

 enhance IMS to allow the provision 

of services similar to CS domain 

services from PS domain  

 Release 5 architecture is presented in 

Figure 5.13  

 Home Subscriber Server (HSS) 

 shown as an independent item 

 Session Initiation Protocol (SIP) 

 the key protocol between 

terminal and IMS  

 the basis for IMS-related 

signaling 



 MSC or GMSC server 

 takes care of the control functionality as 
MSC or GMSC, respectively 

 user data goes via Media Gateway (MGW) 

 one MSC/GMCS server can control multiple 
MGWs 

 this allows better scalability of the network 
when data rates increase with new data 
services 

 in this case, only the number of MGWs 
needs to be increased 

 MGW performs actual switching for user data 

and network interworking processing 

 e.g., echo cancellation or speech decoding/ 

encoding 



 IMS includes the following key 
elements 

 Media Resource Function (MRF) 

 controls media stream resources 
or mixes different media streams 

 Call Session Control Function 
(CSCF) 

 the first contact point to terminal 
in the IMS (as a proxy) 

 handling of session states 

 acting as a firewall towards other 
operator’s networks 



 Media Gateway Control Function 

(MGCF) 

 handle protocol conversions 

 control a service coming via CS 

domain and perform processing in 

an MGW, e.g. for echo 

cancellation 
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Wireless Networking 

 Developments of wireless networks: 

 3G 

 The main aim is to provide a single set of standards that can meet a 
wide range of wireless applications and to provide universal access 
throughout the world, Universal Mobile telecommunication System 
(UMTS).  

 No distinctions between cordless and cellular telephones. 

 Access to a variety of services 

 Voice  

 Data  

 Video 

 Information networks 

 3G Standards 

 High-Speed Packet Access (HSPA)  

 High Speed Downlink Packet Access (HSDPA)   

 High Speed Uplink Packet Access (HSUPA) 
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Wireless Networking 

 Developments of wireless networks: 

 3G 

 3G Standards 

 UMTS-TDD 

 to duplex spectrum between the up-link and down-link. 

 High Speed OFDM Packet Access (HSOPA)  

 CDMA2000 
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Wireless Networking 

 Developments of wireless networks: 

 3G 
 3G systems 

 FOMA: Freedom of Mobile Multimedia Access, in May 
2001, JAPAN 

 CDMA2000 1xEV-DO technology in South Korea .  

 W-CDMA technology, Isle of Man in Europe in December 
2001 with no commercial handsets. 

 CDMA2000 1x EV-DO technology in United States but this 
network provider later shut down operations. The first 
UMTS 3G network operator in the USA was Verizon. 

 In South Australia, UMTS  technology in February 2002, 
Three in April 2003 and NextG(tm) in October 2006. 
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Wireless Networking 

 Developments of wireless networks: 

 3G 

 3rd Generation Partnership Project (3GPP)  

 It is a collaboration between groups of telecommunications 

associations, to make a globally applicable third generation 

(3G) mobile phone system specification within the scope of 

the International Mobile Telecommunications-2000 project 

of the International Telecommunication Union (ITU).  

 3GPP specifications are based on evolved Global System 

for Mobile Communications (GSM) specifications.  

 3GPP standardization encompasses Radio, Core Network 

and Service architecture.  
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Wireless Networking 

 Developments of wireless networks: 

 3G 

 3rd Generation Partnership Project (3GPP)  
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Mobile Communication History and Status  



4G (LTE) 

 LTE stands for Long Term Evolution 

 Next Generation mobile broadband 

technology 

 Promises data transfer rates of 100 Mbps 

 Based on UMTS 3G technology 

 Optimized for All-IP traffic 
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Mobile Evolution 

 Improvements in mobile communication 

technology during the last two decades 

 The Mobile Broadband is as important as Internt 

http://www.nsma.org/conf2008/Presentation/2-1045-Miyahara-
LTE_Overview_NMSA%2021March08_final.pdf 
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User Expectations 

 Highly desire of broadband acces everywhere 

1. Home, Office 

2. Train, Aeroplane, Canteen, during the Breake 

 Ubiquity (anywhere, anytime) 

 Higher voice quality  

 Higher speed 

 Lower prices 

 Multitude of services 

http://www.nsma.org/conf2008/Presentation/2-1045-Miyahara-LTE_Overview_NMSA%2021March08_final.pdf 
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3GPP 

 The 3rd generation partnership project 

 

 A global partnership of  six SDOs: 

 
1. Europe  ETSI 

2. USA      ATIS 

3. China    CCSA 

4. Japan    ARIB & TTC 

5. Korea    TTA 
 

LTE   The UMTS Long Term Evolution - Sesia, Toufik, Baker 



Advantages of LTE 



Comparison of LTE Speed 



Major LTE Radio Technogies 

 Uses Orthogonal Frequency Division 
Multiplexing (OFDM) for downlink 

 Uses Single Carrier Frequency Division 
Multiple Access (SC-FDMA) for uplink 

 Uses Multi-input Multi-output(MIMO) for 
enhanced throughput 

 Reduced power consumption 

 Higher RF power amplifier efficiency (less 
battery power used by handsets) 



Major LTE Radio Technogies 

 The latest standard in the mobile network    
technology tree  

 A project of 3GPP & mainly built on 3GPP 
cellular systems´ family 

 May be referred as E-UTRA & E-UTRAN  

 Has advanced new radio interface 

 Circuit switched networksall-IP networks 

 Broadband connectivity on the move 

 100Mbps(DL), 50Mbps(UL), ~10 ms Latency 



LTE key features 

 High Spectral Efficiency 
 more customers, less costs 

 Co-existence with other 
standards 

 Flexible radio planning 
 (cell size of 5km30/100km) 

 Reduced Latency 
 less RTT,  multi-player gaming, 

audio/video conferencing 
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LTE key features 

 Reduced costs for 
operators (OPEX & 
CAPEX) 

 Increased data rates 
via enhanced air 
interface (OFDMA,SC-
FDMA,MIMO) 

 All-IP environment 
SAE or EPC 
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LTE vs UMTS 

 Functional changes compared to the current 

UMTS architecture 



LTE Architecture 
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LTE Architecture 

 Functional split between E-UTRAN and EPC 
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 Packet data network(PDN) Gateway (P-GW) 

 it is responsible for IP address allocation for the UE, as 

well as QoS enforcement and flow-based charging 

according to rules from the PCRF.  

 It is responsible for the filtering of downlink user IP 

packets into the different QoS-based bearers. This is 

performed based on Traffic Flow Templates (TFTs).  
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 PDN Gateway (P-GW) 

 It performs QoS enforcement for guaranteed bit rate 

(GBR) bearers. It also serves as the mobility anchor for 

interworking with non-3GPP technologies such as 

CDMA2000 and WiMAX® networks.  
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 Serving Gateway (S-GW)  

 All user IP packets are transferred through the Serving 

Gateway, which serves as the local mobility anchor for 

the data bearers when the UE moves between 

eNodeBs.  
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 Serving Gateway (S-GW)  

 It also retains the information about the bearers when 

the UE is in the idle state (known as “EPS Connection 

Management — IDLE” [ECM-IDLE]) and temporarily 

buffers downlink data while the MME initiates paging of 

the UE to reestablish the bearers.  
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 Serving Gateway (S-GW)  

 It performs some administrative functions in the visited 

network such as collecting information for charging (for 

example, the volume of data sent to or received from the user) 

and lawful interception.  

 It also serves as the mobility anchor for interworking with other 

3GPP technologies such as general packet radio service 

(GPRS) and UMTS. 
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 Mobility Management Entity (MME) 

 It is the control node that processes the signaling 

between the UE and the CN.  

 The protocols running between the UE and the CN are 

known as the Non Access Stratum (NAS) protocols. 
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 Mobility Management Entity (MME) 

 The main functions supported by the MME can be 

classified as:  

 Functions related to bearer management – This 

includes the establishment, maintenance and 

release of the bearers and is handled by the session 

management layer in the NAS protocol.  
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LTE Architecture 

 The core network 
 The core network (called EPC in SAE) is 

responsible for the overall control of the UE and 

establishment of the bearers.  

 The main logical nodes of the EPC are:  

 Mobility Management Entity (MME) 

 The main functions supported by the MME can be 

classified as:  

 Functions related to connection management – This 

includes the establishment of the connection and security 

between the network and UE and is handled by the 

connection or mobility management layer in the NAS 

protocol layer. 
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LTE Architecture 

 The core network 
 Other logical nodes of the EPC are:  

 PCRF – The Policy Control and Charging Rules Function: 

 It is responsible for  

 policy control decision-making,  

 controlling the flow-based charging functionalities in 

the Policy Control Enforcement Function (PCEF), 

which resides in the P-GW.  

 providing the QoS authorization (QoS class 

identifier [QCI] and bit rates) that decides how a 

certain data flow will be treated in the PCEF and 

ensures that this is in accordance with the user’s 

subscription profile 
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LTE Architecture 

 The core network 
 Other logical nodes of the EPC are:  

 HSS – The Home Subscriber Server 

 It contains users’ SAE subscription data such as the 

EPS-subscribed QoS profile and any access restrictions 

for roaming.  

 It holds information about the PDNs to which the user 

can connect. This could be in the form of an access 

point name (APN) (which is a label according to DNS 

naming conventions describing the access point to the 

PDN) or a PDN address (indicating subscribed IP 

address(es)).  
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LTE Architecture 

 The core network 
 Other logical nodes of the EPC are:  

 HSS – The Home Subscriber Server 

 It holds dynamic information such as the identity of the 

MME to which the user is currently attached or 

registered. The HSS may also integrate t he 

authentication center (AUC), which generates the 

vectors for authentication and security keys 
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LTE Architecture 

 The core network 
 Other logical nodes of the EPC are:  

 HSS – The Home Subscriber Server 

 It holds dynamic information such as the identity of the 

MME to which the user is currently attached or 

registered. The HSS may also integrate t he 
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LTE Architecture 

 The core network 
 Evolved Terrestrial Radio 

Access Network (E-UTRAN) 
The access network of LTE, E-

UTRAN, simply consists of a network 

of eNodeBs. 

For normal user traffic (as opposed to 

broadcast), there is no centralized 

controller in E-UTRAN; hence the E-

UTRAN architecture is said to be flat. 
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LTE Architecture 

 The core network 
 Evolved Terrestrial Radio 

Access Network (E-UTRAN) 
The eNodeBs are normally 

interconnected  

 with each other by means of an 

interface known as “X2”  

 and to the EPC by means of the 

S1 interface — more specifically,  

 to the MME by means of the 

S1-MME interface and  

 to the S-GW by means of the 

S1-U interface. 
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LTE Architecture 

 The core network 
 Evolved Terrestrial Radio 

Access Network (E-UTRAN) 
The E-UTRAN is responsible for all 

radio-related functions, which can be 

summarized briefly as: 

 Radio resource management 

(RRM) – This covers all functions 

related to the radio bearers, such 

as radio bearer control, radio 

admission control, radio mobility 

control, scheduling and dynamic 

allocation of resources to UEs in 

both uplink and downlink.  
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LTE Architecture 

 The core network 
 Evolved Terrestrial Radio 

Access Network (E-UTRAN) 
The E-UTRAN is responsible for all 

radio-related functions, which can be 

summarized briefly as: 

 Header Compression – This helps 

to ensure efficient use of the radio 

interface by compressing the IP 

packet headers that could 

otherwise represent a significant 

overhead, especially for small 

packets such as VoIP.  
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LTE Architecture 

 The core network 
 Evolved Terrestrial Radio 

Access Network (E-UTRAN) 
The E-UTRAN is responsible for all 

radio-related functions, which can be 

summarized briefly as: 

 Security – All data sent over the 

radio interface is encrypted. 

 Connectivity to the EPC – This 

consists of the signaling toward 

MME and the bearer path toward 

the S-GW 
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LTE Architecture 

 Bearer establishment 

procedure 

 The PCRF sends a Policy 

Control and Charging (PCC) 

Decision Provision message 

indicating the required QoS 

for the bearer to the P-GW.  

 The P-GW uses this QoS 

policy to assign the bearer-

level QoS parameters.  

 The P-GW then sends a 

Create Dedicated Bearer 

Request message including 

the QoS and UL TFT to be 

used in the UE to the S-GW.  
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LTE Architecture 

 Bearer establishment 

procedure 

 After the S-GW receives the 

Create Dedicated Bearer 

Request message, including 

bearer QoS, UL TFT and S1-

bearer ID, it forwards it to the 

MME. 

 The MME then builds a set of 

session management 

configuration information 

including the UL TFT and the 

EPS bearer identity and 

includes it in the Bearer Setup 

Request message that it 

sends to the eNodeB  
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LTE Architecture 

 Bearer establishment 

procedure 

 Since the session 

management configuration is 

NAS information, it is sent 

transparently by the eNodeB 

to the UE.  

 The Bearer Setup Request 

also provides the QoS of the 

bearer to the eNodeB; this 

information is used by the 

eNodeB for call admission 

control and also to ensure the 

necessary QoS by 

appropriate scheduling of the 

user’s IP packets.  
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LTE Architecture 

 Bearer establishment 

procedure 

 The eNodeB maps the EPS 

bearer QoS to the radio 

bearer QoS and then signals 

an RRC Connection 

Reconfiguration message 

(including the radio bearer 

QoS, session management 

request and EPS radio bearer 

identity) to the UE to setup the 

radio bearer (message 5).  
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LTE Architecture 

 Bearer establishment 

procedure 

 The RRC Connection 

Reconfiguration message 

contains all the configuration 

parameters for the radio 

interface.  

 These are mainly for the 

configuration of the layer 2 

(the PDCP, RLC and MAC 

parameters), but also contain 

the layer 1 parameters 

required for the UE to initialize 

the protocol stack.  
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LTE Architecture 

 Bearer establishment 

procedure 

 Messages 6 to 10 are the 

corresponding response 

messages to confirm that the 

bearers have been correctly 

set up 
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LTE Architecture 

 LTE mobility 
 There are two types of 

handover procedure in LTE 

for UEs in active mode: the 

S1 and X2 handover 

procedures. 

 The S1-handover procedure: 

 it consists of a preparation 

phase, where the CN 

resources are prepared at the 

target side (steps 2 to 8), 

followed by an execution 

phase (steps 8 to 12) and a 

completion phase (after step 

13). 
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LTE Architecture 

 LTE mobility 
 Compared to UMTS, the main 

difference is the introduction of 

the Status Transfer message 

sent by the source eNodeB 

(steps 10 and 11). 

 This message has been added 

in order to carry some PDCP 

status information that is 

needed at the target eNodeB in 

cases when PDCP status 

preservation applies for the S1-

handover; this is in alignment 

with the information that is sent 

within the X2 Status Transfer 

message used for the X2-

handover.  
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LTE Architecture 

 LTE mobility 
 Handover through the X2 

interface is triggered by 

default for intra-LTE mobility 

unless there is no X2 interface 

established or the source 

eNodeB is configured to use 

S1-handover instead. 

 Like S1-handover, it is also 

composed of a preparation 

phase (steps 4 to 6), an 

execution phase (steps 7 to 9) 

and a completion phase (after 

step 9). 
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LTE Architecture 

 LTE mobility 

 The key features of X2-

handover for intra-LTE 

handover are: 

 The handover is directly 

performed between two 

eNodeBs, making the 

preparation phase quick.  

 Data forwarding may be 

operated per bearer in 

order to minimize data 

loss.  
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LTE Architecture 

 LTE mobility 

 The key features of X2-

handover for intra-LTE 

handover are: 

 The MME is only informed 

at the end of the handover 

procedure when the 

handover is successful, in 

order to trigger the path 

switch.  

 The release of resources 

at the source side is 

directly triggered from the 

target eNodeB 
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