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Wireless cellular networks (briefly…)
•
•
•

•
•

•

Wireless access network made up of a number of cells
Each cell served by a fixed transmitter (base station BS)
Users usually access the network through a certain dedicated resource
(carrier frequency, time-slot, code)
Cells used to increase and improve coverage
BSs connected to core network through Base Station Controllers (BSC)
BSC perform Radio Resource Management operations such as access
control, handover between cells, etc.

Wireless cellular networks (briefly…)
•

Two “current” examples:
•

GSM (2G)
•
•
•

•

UMTS (3G)
•
•

•

900 and 1800MHz
FDMA(125 channels)/TDMA(8 time slots) and FDD
Enhancements (2.5G): GPRS, EDGE
1885–2025 MHz (uplink) and 2110–2200 MHz (downlink)
W-CDMA

Widely deployed and used everywhere (each one of your cellphones)

Wireless cellular networks: current challenges
•

New trends in cellular networksC
•

New “multimedia” services
•
•
•

•

Cellphones indispensable in everyday life
•
•
•
•

•
•
•

Video streaming
Web 2.0 (MySpace, Facebook, TwitterC)
etc
E-mail
Mobile Internet
Google maps to find that restaurant where I am supposed to be in 10 minutes
etc

Demands for higher data rates and capacity!
Wireless capacity has doubled every 30 months over the last 104 years [1]
How to increase capacity?
•
•
•
•

25x improvement from wider spectrum
5x improvement by dividing the spectrum into smaller slices
5x improvement by designing better modulation schemes
1600x gain through reduced cell sizes and transmit distance

Macro-cell  Micro-cell  Pico-cell  C
[1] V. Chandrasekhar, J. Andrews, A. Gatherer, and T. Instruments, "Femtocell Networks: A Survey“.

Femtocell networks
•
•
•

•

Network infrastructure for micro-ization of cellular networks is very expensive
Solution  user deployed base stations (femtocells)
Users purchase and install themselves a small low-power BS at their
apartment/office
About 46% of the mobile users will be covered

Femtocell networks: network architecture
How does this work?

•

•

Two-tier network
•
Femtocell APs overlaying on top of the macrocell network
•
Hierarchical cell structure
•
Location of the FCs is “unknown” to the network operator
•
FCs connect to the core network through an IP backhaul (local
broadband access: DSL, cable, etc)

Femtocell networks: technical aspects
•

•

Femtocell AP:
•
Low transmitted power
•
Low range
•
Indoors
•
IP backhaul connection to the core network through the broadband
access the user already has at home
•
Target cost 100$
•
To ensure widely deployment (users have to buy it)
•
Much simpler than a “regular” cellular BS
•
Not synchronized with the rest of the network
•
Average of 2 to 4 users per FC
Already being manufatured by some vendors
•
32 million FC base stations expected to be deployed by 2012 [1]

[1] V. Chandrasekhar, J. Andrews, A. Gatherer, and T. Instruments, "Femtocell Networks: A Survey“.

Femtocell networks: technical aspects

Femtocell networks: pros and cons
•

Improvements:
•

•
•

Femtocells cover indoor area (50<R_FC<200 m)  high coverage and better
signal reception for indoor users (better QoS)
Indoor FC users transmit much less power  great savings in battery life
Most indoor users connected through FCs  more “room” and capacity in the
MC and better QoS in the MC.
•

•
•

•

In CDMA-based networks this is specially good because indoor users are the ones
causing the highest amount of interference

“Zero cost” to the network operator
Network operator can offer cheaper services through the FCs

New challenges:
•
•
•
•

•
•

FC BSs not synchronized  handoff MC↔FC?
How will the backhaul provide acceptable QoS?
Location tracking for emergency (911) phone calls?
Open or closed access? (Can a pedestrian next to your building transmit through
your FC if there’s no MC signal? Can this user do at least an emergency call
through your FC?)
Interference
etc

Interference in femtocell networks
•
•

Cross-tier interference!!!
3 extra degrees of complexity in the interference problem
•
•
•

MC user to FC BS (Figure 1)
FC user to MC BS (Figure 2)
FC to FC (Figure 3)

Interference in femtocell networks
•

It gets even worse in a multi-cellular scenarioC [2]

[2] Chandrasekhar, V., Andrews, J.G., "Uplink Capacity and Interference Avoidance for Two-Tier Cellular Networks",
IEEE Global Telecommunications Conference, 2007. GLOBECOM '07.

Example: interference in WiMAX femtocell
networks
•

What happens if FCs are deployed and nothing is done? [3]

Interference very problematic for MC (outdoor) users in small cell (urban)
scenarios, specially if FCs are “private”.
[3] S. Yeh, S. Talwar, S. Lee, and H. Kim, “WiMAX femtocells: a perspective on network architecture, capacity, and
coverage," Communications Magazine, IEEE, vol. 46, no. 10, pp. 58-65, 2008.

Current solutions
•

•

Not much work done about interfence in
femtocell networks
Work mostly focusing in 4G femtocells
•
•

•

•

OFDMA
WiMAX (WiBro in Korea)

Distributed algorithms (FCs not
synchronized with the rest of the
network)
Some analytical works
•
•
•
•

Channel models
Interference model
 Per tier outage probability
 Coverage

[3]

[3] S. Yeh, S. Talwar, S. Lee, and H. Kim, “WiMAX femtocells: a perspective on network architecture, capacity, and
coverage," Communications Magazine, IEEE, vol. 46, no. 10, pp. 58-65, 2008.

Current solutions
•

All the proposed solutions use a spectrum division
•

•

Cross-tier interference  Interference avoidance strategy better than Interference supression (in
a randomly deployed femtocell network)

Reserve a section of the available spectrum for the FCs and the rest for the
MCs [4]
•

Femtocells only use a portion of the reserved spectrum
•
•

•

Randomly selected
Frequency-ALOHA (a number of femtocells “competing” for a shared medium)

Maximize Area Spectral Efficiency (ASE) [bps/Hz/m2] as a function of ρ (ratio spectrum for FCs
to total available spectrum)

[4] Chandrasekhar, V., Andrews, J.G., “Spectrum Allocation in Two-Tier Newtorks“, 2008.

Current solutions

Problems with a spectrum division:

•

Femtocells are by definition indoors (apartment, offices, etc)
Estimated an average of 2 to 4 users per FC.
Users spend most of the time either at work or at home, plus some other time outdoors.
Subcarriers reserved for FCs are idle most of the time

•
•
•
•

Waste of bandwidth!!!
•

New ideas (final project)
•

•
•
•

•

•

•

•

Interference caused by a MC user depends on the tx
power.
Tx power depends on the distance (path loss) to the BS
Classify users depending on distance (path loss)
Allocate frequencies according to the MC kind of user 
cross-tier interference cancellation/mitigation
FC users only interfere with users within neighboring
FCs
FCs are not synchronized with the rest of the network 
distributed approach
Game theoretical approach for the frequency
allocation in the FCs
Directive antennas
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