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MOBILE TELECOMMUNICATION SYSTEM 

 

2.5. UMTS [UNIVERSAL MOBILE TELECOMMUNICATIONS SYSTEM] 

Figure shows the very simplified UMTS reference architecture which applies to both UTRA 

solutions (3GPP, 2000). The UTRA network (UTRAN) handles cell level mobility and comprises 

several radio network subsystems (RNS). The functions of the RNS include radio channel ciphering 

and deciphering, hand-over control, radio resource management  etc. The UTRAN is connected 

to the user equipment (UE) via the radio interface Uu (which is comparable to the Um inter- face 

in GSM). Via the Iu interface (which  is similar  to  the  A  interface  in  GSM), 

UTRAN communicates with the core network (CN). The CN contains functions for inter-system 

handover, gateways to other networks (fixed or wireless), and performs location management if 

there is no dedicated connection between UE and UTRAN. 

UMTS further subdivides the above simplified architecture into so-called domains (see Figure). 

The user equipment domain is assigned to a single user and comprises all the functions that are 

needed to access UMTS services. Within this domain are the USIM domain and the mobile 

equipment domain. The USIM domain contains the SIM for UMTS which performs functions for 

encryption and authentication of users, and stores all the necessary user-related data for UMTS. 

Typically, this USIM belongs to a service provider and contains a microprocessor for an enhanced 

program execution environment (USAT, UMTS SIM application toolkit). The end device itself is in 

the mobile equipment domain. All functions for radio transmission as well as user interfaces are 

located here. 

The infrastructure domain is shared among all users and offers UMTS services to all accepted 

users. This domain consists of the access network domain, which contains the radio access 

networks (RAN), and the core network domain, which contains access network independent 

functions. The core network domain can be separated into three domains with specific tasks. The 

serving network domain comprises all functions currently used by a user for accessing UMTS 

services. All functions related to the home network of a user, e.g., user data look-up, fall into the 

home network domain. Finally, the transit network domain may be necessary if, for example, the 

serving network cannot directly contact the home network. All three domains within the core 

network may be in fact the same physical network. These domains only describe functionalities. 
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Main components of the UMTS reference architecture 

 

UMTS domains and interfaces 

UTRAN 

Figure  above shows the basic architecture of the UTRA network. This consists of several radio 

network subsystems (RNS). Each RNS is controlled by a radio network controller (RNC) and 

comprises several compo- nents that are called node B. An RNC in UMTS can be compared with 

the BSC; a node B is similar to a BTS. Each  node  B  can  control  several  antennas  which make a 

radio cell. The mobile device, UE, can be connected to  one  or  more antennas as will 

subsequently  be  explained  in  the  context  of  handover.  Each RNC is connected with the  core  

network  (CN)  over  the  interface  Iu  (similar  to the role of the A interface in GSM) and with a 

node B over the interface Iub. A new interface, which has no counterpart in GSM, is the interface 

Iur connecting two RNCs with each other. The use of this interface is explained together with the 

UMTS handover mechanisms. 
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Basic architecture of the UTRA network 

Radio network controller 

An RNC in UMTS has a broad spectrum of tasks as listed in the following: 

●Call admission control: It is very important for CDMA systems to keep the interference below a  

certain  level.  The  RNC  calculates  the  traffic  within each cell and decides, if additional 

transmissions are acceptable or not. 

●Congestion control: During packet-oriented data transmission, several stations share the 

available radio resources. The RNC  allocates  bandwidth  to each station in a cyclic fashion and 

must consider the QoS requirements. 

●Encryption/decryption: The RNC encrypts all data arriving from the fixed network before 

transmission over the wireless link (and vice versa). 

●ATM switching and multiplexing, protocol conversion: Typically, the connections between 

RNCs, node Bs, and the CN are based on ATM. An RNC has to switch the connections to multiplex 

different data streams. Several protocols have to be converted – this is explained later. 

●Radio resource control: The RNC controls all radio resources of the cells connected to it via a 

node B. This task includes interference and load measurements. The priorities of different 

connections have to be obeyed. 

●Radio bearer setup and release: An RNC has  to  set-up,  maintain,  and release a logical data 

connection to a UE (the so-called UMTS radio bearer). 

●Code allocation: The CDMA codes used by a UE are selected by the RNC. These codes may vary 

during a transmission. 



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 

CS8601 MOBILE COMPUTING 
 

●Power control: The RNC  only  performs  a  relatively  loose  power  control (the outer loop). 

This means that the RNC influences  transmission  power based on interference values from other 

cells or even other RNCs. But this is not the tight and fast power control performed 1,500 times 

per second. This is carried out by a node B. This outer loop of power control helps to minimize 

interference between neighbouring cells or controls the size of a cell. 

●Handover control and RNS relocation: Depending on the signal strengths received by UEs and 

node Bs, an RNC can decide if another cell would be better suited for a certain connection. If the 

RNC decides for handover it informs the new cell and the UE as explained in subsection 4.4.6. If 

a UE moves further out of the range of one RNC, a new RNC responsible for the UE has to be 

chosen. This is called RNS relocation. 

●Management: Finally, the network operator needs a lot of information regarding the current 

load, current traffic, error states etc. to manage its net- work. The RNC provides interfaces for 

this task, too. 

Node B: 

The name node B was chosen during standardization until a new and better name was found. 

However, no one came up with anything better  so  it remained. A node B connects to one or 

more antennas creating one or more cells (or sectors in GSM speak), respectively. The cells can 

either use FDD or TDD  or both. An important task of a node B is the inner loop power control to 

mitigate near-far effects. This node also measures connection qualities and signal strengths. A 

node B can even support a special case of handover, a so-called softer handover which takes 

place between different antennas of the same node B . 

 

User equipment: 

The UE shown in Figure is the counterpart of several nodes of the architecture. 

 As the counterpart of a node B, the UE performs signal quality measurements, inner loop 

power control, spreading and modulation, and rate matching. 

 As a counterpart of the RNC, the UE has to cooperate during handover and cell selection, 

performs encryption and decryption, and participates in the radio resource allocation 

process. 

 As a counterpart of the CN, the UE has to implement mobility management functions, 

performs bearer negotiation, or requests certain services from the network. 

This list of tasks of a UE, which is not at all exhaustive, already shows the complexity such a device 

has to handle. Additionally, users also want to have organizers, games, cameras, operating 

systems etc. and the stand-by time should be high. 
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Core network: 

Figure below  shows a high-level view of the UMTS release 99 core network architecture together 

with a UTRAN RNS and a GSM BSS. This shows the evolution from GSM/GPRS to UMTS. The core 

network (CN) shown here is basically the same as already explained in the context of GSM and 

GPRS . The circuit switched domain (CSD) comprises the classical circuit switched services 

including signaling. Resources are reserved at connection setup and the GSM components MSC,  

GMSC,  and  VLR  are  used. The CSD connects to the RNS via a part of the Iu interface called IuCS. 

The CSD components can still be part of a classical GSM network connected to a BSS but need 

additional functionalities (new protocols etc.). 

The packet switched domain (PSD) uses the GPRS components SGSN and GGSN and connects to 

the RNS via the IuPS part of the  Iu  interface.  Both domains need the data-bases EIR for 

equipment identification and HLR for loca- tion management (including the AuC for 

authentication and  GR  for  user specific GPRS data). 

Reusing the existing infrastructure helps to save a lot of money and may convince many operators 

to use UMTS if they already  use  GSM.  The  UMTS industry pushes their  technology  with  the  

help  of  the  market  dominance  of GSM. This is basically the same as cdma2000, which is a 

evolution of cdmaOne. The real flexible core network comes with releases 5 and 6, where the 

GSM circuit switched part is being replaced by an all-IP core.  

 

 

 

 

 

 

 

 

 

 

 

 

UMTS core network together with a 3G RNS and a 2G BSS 
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Figure below shows the protocol stacks of the users planes of the  circuit switched and packet 

switched domains, respectively. The CSD uses the ATM adaptation layer 2 (AAL2) for user data 

transmission on top of ATM as trans- port technology. The  RNC  in  the  UTRAN  implements  the  

radio  link  control (RLC) and the MAC layer, while the physical layer is located in the node B. The 

AAL2 segmentation and  reassembly layer (SAR) is, for example, used to segment data packets 

received from the RLC into small chunks which can be transported in ATM. AAL2 and ATM has 

been chosen, too, because these protocols can transport and multiplex low bit rate voice data 

streams with low jitter and latency (compared to the protocols used in the PSD). 

In the PSD several more protocols are needed. Basic data transport is per- formed by different 

lower layers (e.g., ATM with AAL5, frame relay). On top of these lower layers UDP/IP is used to 

create a UMTS internal IP  network.  All packets (e.g., IP, PPP) destined for the UE are 

encapsulated using the GPRS tunneling protocol (GTP). The RNC performs protocol conversion 

from the combination GTP/UDP/IP into the packet data convergence protocol (PDCP). This 

protocol performs header compression to avoid redundant  data  transmission using scarce radio 

resources.  In UMTS the RNC handles the tunneling protocol GTP, while in GSM/GPRS GTP is used 

between an SGSN and GGSN only. The BSC in GSM is not involved in  IP protocol processing. 

  

 

User plane protocol stacks (circuit and packet switched) 



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 

CS8601 MOBILE COMPUTING 
 

The radio layer (physical layer) depends on the UTRA mode . The medium access control (MAC) 

layer coordinates medium access and multiplexes logical channels  onto  transport  channels.  The 

MAC layers also help to  identify  mobile  devices  and  may  encrypt  data.  The radio link control 

(RLC) layer offers three different transport modes. The acknowledged mode transfer uses ARQ 

for error correction and guarantees one- time in-order delivery of  data  packets.The  

unacknowledged  mode  transfer does not perform ARQ but guarantees at least one-time delivery 

of packets with the help of sequence numbers. The transparent mode transfer simply forwards 

MAC data without any further processing. The  system  then  has  to  rely  on  the FEC which is 

always used in the radio layer. The RLC also performs segmentation and reassembly and flow 

control. For certain services the RLC also encrypts. 


