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Evolution of cellular networks
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Evolución celular…
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• UMTS CN - N/W evolution

• WCDMA – New Air Interface

• Low chip rate TDD mode

• UTRA repeater

• IP transport of CN protocols

• High Speed Downlink Packet Access (HSDPA)

• Wideband AMR

• Initial phase of the IP Multimedia Subsystem (IMS)

• IP transport in the UTRAN

• HARQ/AMC/TTI=2ms/16QAM

• FDD Enhanced Uplink (HSUPA)

• IMS Phase 2

• Wireless LAN/UMTS Inter-working

• Multimedia Broadcast/Multicast Service (MBMS)

1999

2001

2002

2006

2007

2008

• HSPA+ (MIMO & Higher Order Modulation)

• 64 QAM/ 16QAM

• Direct Tunnelling

• HSPA+ Enhancements

• LTE + SAE/EPS

UMTS Release 99

UMTS Release 4

UMTS Release 5

UMTS Release 6

UMTS Release 7

UMTS/LTE Release 8

2009/10

LTE Release 9 • LTE-A: IMT-Advanced (4G) proposal

Sistemas de 3era Generación
UMTS Releases
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• Up to 3Gbit/s downlink and 1.5Gbit/s uplink

• carrier aggregation (CA), allowing the combination of up to five separate carriers to 

enable bandwidths up to 100MHz

• Higher order MIMO antenna configurations up to 8×8 downlink and 4×4 uplink

• Relay nodes to support Heterogeneous Networks (“HetNets”) containing a wide variety 

of cell sizes

• enhancements to Carrier Aggregation, MIMO

• introduction of new frequency bands

• coordinated multipoint transmission and reception to enable simultaneous 

communication with multiple cells

• enhanced small cells for LTE, introducing a number of features to improve the support 

of HetNets

• inter-site carrier aggregation, to mix and match the capabilities and backhaul of 

adjacent cells

• new antenna techniques and advanced receivers to maximise the potential of large 

cells

• interworking between LTE and WiFi or HSPDA

2011

2013

2014

LTE Release 10

LTE Release 11

UMTS Release 12

Sistemas de 3era Generación
UMTS Releases

• LTE in unlicensed

• LTE enhancements for Machine-Type Communication

• Elevation Beamforming / Full-Dimension MIMO

• Indoor positioning

• LTE-Advanced Pro

2016
UMTS Release 13



• Support of the high-data-rate transmission, 384 kbps wide area coverage, 2 Mbps 
with local coverage. This can be achieved in a total  bandwidth of approximately 5 
MHz.

• High service flexibility, that is, support of multiple bearers and variable bit rates on 
each connection.

• Co-existence of second and third generation systems and inter-system handovers

• Co-existence of FDD and TDD modes.

• Efficient power control. This reduces the interference in the whole network 
(increases capacity) and at the same time reduces the transmission power (increases 
battery lifetime of the mobile).

Sistemas de 3era Generación
WCDMA Key Features
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Property GSM WCDMA

Carrier spacing  200 kHz  5 MHz  

Radio access scheme FDMA/TDMA CDMA

Frequency reuse factor  Multiple reuse  1

Power control frequency 2Hz or lower 1500Hz

Modulation GMSK QPSK

Frequency diversity  Frequency hopping  
5 MHz bandwidth gives multipath diversity 

with Rake receiver

Packet data  Not supported in GSM but is in GPRS Supports CS and PS

Planning Frequency Planning Code planning

Sistemas de 3era Generación
Differences between gsm & wcdma
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CN

circuit

switched

(cs) 

domain

packet

switched

(ps)

domain

UTRAN

Iub

Iub

Iur

Iu-PS

Iu-CS

Uu

Uu

UE

UE

MSC/VLR

SGSN

RNC

RNC
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Architecture
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› Channel coding, Interleaving

› Scrambling & Descrambling

› Spreading, Rate adaptation

› Modulation / Demodulation

› RF Amplification & Transmission

› Power control (Inner Loop)

› Channel Mapping to Physical channel

› O&M – alarms etc.

Sistemas de 3era Generación
eNodeB
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› Radio Recourse control

› Admission control

› Congestion Control

› HO decision

› Codes allocation

› Power control (Outer loop)

› Manage connections towards UE’s, including connection 

establishment, radio bearer establishment and release, handover 

and connection release.

Sistemas de 3era Generación
RNC
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Spreading 
factor 

Channel 
symbol 

rate 

(ksps) 

Channel bit 
rate 

(kbps) 

DPDCH 
channel bit 
rate range 

(kbps) 

Maximum user 
data rate with ½-

rate coding 

(approx.) 

512 7.5 15 3–6 1–3 kbps 

256 15 30 12–24 6–12 kbps 

128 30 60 42–51 20–24 kbps 

64 60 120 90 45 kbps 

32 120 240 210 105 kbps 

16 240 480 432 215 kbps 

8 480 960 912 456 kbps 

4 960 1920 1872 936 kbps 

4, with 3 
parallel 
codes 

2880 5760 5616 2.3 Mbps 

 

Symbolphyb RR  2_
SF

W
RSymbol  (QPSK modulation)

Modulation :

DL : QPSK, 16 QAM.

UL : BPSK

Sistemas de 3era Generación
Physical Layer Bit Rates (DL)
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Channelization Coding example - Receiver
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Power control is necessary in any spread spectrum system 

to ensure that each user transmits and receives just 

about the right amount of power to maintain the 

connection quality while at the same time causing as 

little interference as possible to other users.

Three types:

Open loop

Inner loop

Outer loop

Sistemas de 3era Generación
WCDMA POWER CONTROL
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1. Open-Loop Power Control (Initially, No signaling)
UE measure pilot,
read receiving level from BCH, determine PL 
Transmit at calculated power, 
Ramp up power

2. Outer-Loop Power Control (slow)
maintains the required Block Error Rate (BLER) for a service by modifying the SIR target
Dedicated channels
If the BLER measured (DL@UE, UL@RNC) is below/ above the minimum acceptable BLER, 

UE/RNC increase/reduce SIR target.
Use the new SIR target for the Inner-loop PC.

3. Inner-Loop Power Control (fast)
minimizes the power and interference of ongoing connections by maintaining a minimum 

SIR.
Dedicated channels
Performed 1500 times per second, 
Adjust (up or down) the Tx power to reach the SIR target.

Sistemas de 3era Generación
Power Control Types
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time

Trouble zone: Prior to Hard Handover, 

the MS causes excessive interference to BS2

BS2 Receive Power Target

UE responding to BS1
power control bits

UE responding to BS2
power control bits

time

BS1 Receive Power Target

Sistemas de 3era Generación
WCDMA With and Without SHO
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One finger of the RAKE receiver is constantly scanning neighboring Pilot 

Channels.

When a neighboring Pilot Channel reaches the t_add threshold, the new 

BS is added to the active set

When the original Base Station reaches the t_drop threshold, originating 

Base Station is dropped from the active set.

Monitor Neighbor BS Pilots Add Destination BS Drop Originating BS

Sistemas de 3era Generación
WCDMA Soft Handover Process
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 The active set refers to the collection of cells retaining radio connection 

with UE.

 The monitored set refers to the collection of cells retaining no radio 

connection with UE but requiring measurement by sending the intra-

frequency measurement control message to UE.

 The detected set refers to the collection of intra-frequency cells except 

cells in the active set and monitored set

Sistemas de 3era Generación
Soft Handover
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• Soft Handover Measurement and Decision

Cell 1 

Connected
Add Cell 2

Replace Cell 1

with Cell 3

time

Drop Cell 3

EC / N0

Cell 1

Cell 2

Cell 3

T_ADD

T_REPLACE

t t t

T_DROP

Sistemas de 3era Generación
Soft Handover Add/Drop/Replace
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• Soft handover provides performance benefits:

• “Seamless” coverage at cell fringes

• Handover may be less noticeable to the user

• Soft handover also degrades system capacity:

• Uses redundant physical layer resources from adjacent or 

overlapping cells.

Sistemas de 3era Generación
Soft Handover Key Points
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• Objective
• Controls the load in the cells and enables the system to provide the requested QoS and 

coverage for individual UE connections.

• Admission Control
• Responsible for controlling the utilization of dedicated monitored resources by 

accepting or refusing requests for usage of these resources

• Congestion Control
• Responsible for detecting and resolving overload situations on certain dedicated 

monitored resources

Sistemas de 3era Generación
Capacity Management Functions
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Traffic class Conversational class
conversational RT

Streaming class
streaming RT

Interactive class
Interactive best effort

Background
Background best
effort

Fundamental
characteristics

 Preserve time
relation (variation)
between information
entities of the
stream

 Conversational
pattern (stringent
and low delay )

 Preserve time
relation
(variation)
between
information
entities of the
stream

 Request
response pattern

 Preserve
payload content

 Destination is
not expecting
the data within
a certain time

 Preserve
payload content

Example of the
application

- voice - streaming video - Web browsing - background down-
load of  emails

Sistemas de 3era Generación
QoS classes 
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Slot formats ending with A or B are used for compressed mode operation. As can be seen 
from the table, only 8 to 14 slots are transmitted in each frame thereby giving time 
for the UE to measure the signal levels from non-WCDMA networks (GSM) or to make 
hard handovers to WCDMA carriers on other frequencies.

Sistemas de 3era Generación
Compressed mode
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The physical channel is reconfigured to create transmission and reception 

gaps.

Data compression can be accomplished by:

 Decreasing the Spreading Factor by 2:1 

Increases Data Rate so bits get through twice as fast!

 Puncturing bits

weakens FEC coding.

UE then tunes to other frequencies (GSM) to conduct measurements.

Sistemas de 3era Generación
Compressed mode
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HSDPA
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HSDPA
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HSDPA
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HSPA+ UE Categories
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De 4G a 4G Lte…
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HSPA+ vs LTE



86

Cobertura de Celda HSPA+
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Typical CQI Distribution Corresponds to 6 Mbps Cell Throughput
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