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The var1ous embodiments of the present 1nvent1on relate gen 
erally to femto-relay systems and methods. An exemplary 

(73) Assigneet Georgia Tech Research embodiment of the present invention provides a femto-relay 
Corporation, Atlanta, GA (US) system comprising a relay-radio, a femto-radio, a joint femto 

relay resource management module, and an lP-backhaul QoS 
monitoring module. The relay-radio is in communication 

(21) APP1- NO? 13/ 246,463 with a macro-cell base-station. The femto-radio is in commu 
nication with the relay-radio and con?gured to route signals 

- _ between a core network and at least one femto-cell user 
(22) Flled' sep' 27’ 2011 equipment through an lP-backhaul link. The joint femto-relay 

resource management module is con?gured to intelligently 
Related U_s_ Application Data manage radio resources between the femto-radio and the 

relay-radio to reduce cross-tier interference. The lP-backhaul 
(60) Provisional application NO- 61/386,729, ?led On SeP- QoS monitoring module is con?gured to monitor a QoS being 

27, 2010, provisional application No. 61/386,755, 
?led on Sep. 27, 2010, provisional application No. 
61/386,769, ?led on Sep. 27, 2010, provisional appli 
cation No. 61/386,787, ?led on Sep. 27, 2010. 
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delivered by the lP-backhaul link and notify the relay-radio to 
route signals between the femto-cell user equipment and core 
network through the macro-cell base-station if the QoS fall 
below a predetermined threshold. 
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FEMTO-RELAY SYSTEMS AND METHODS 
OF MANAGING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 61/386,729, ?led 27 Sep. 2010, 
US. Provisional Application Ser. No. 61/386,755, ?led 27 
Sep. 2010, US. Provisional Application Ser. No. 61/386,769, 
?led 27 Sep. 2010, and US. Provisional Application Ser. No. 
61/386,787, ?led 27 Sep. 2010, all ofWhich are incorporated 
herein by reference in their entirety as if fully set forth beloW. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The various embodiments of the present application 
relate generally to transceiver communication systems and 
methods. More particularly, the various embodiments of the 
present invention are directed to cellular communication sys 
tems and methods employing femto-relay systems. 

BACKGROUND OF THE INVENTION 

[0003] Over the last decade, smartphones have revolution 
iZed the cellular phone industry. Text, image, and voice data, 
among other applications employed by smartphones and 
other devices have greatly increased the amount of tra?ic 
moving through cellular netWorks. Unfortunately, there is 
only a limited spectrum that can be used by cellular providers 
to serve their customers. Thus, spectrum bands are so packed 
today that their oWnership has become an extremely expen 
sive luxury that very feW operators can afford. To improve 
netWork capacity, providers employed better modulation and 
coding techniques as Well as advanced spectrum slicing tech 
niques, Which have led to a 25-fold gain in netWork capacity. 
The largest gains, a stunning 1600-fold, hoWever, have come 
from spectrum reuse, originated by a reduction in the cell 
siZes and transmit distances. 
[0004] Wireless service providers take advantage of spec 
trum reuse by deploying an increased number of base-stations 
With different coverage area extensions. Depending on their 
extension, cells can be classi?edifrom largest to smallest by 
coverage areaiinto macro-cells, micro-cells, pico-cells, and 
femto-cells, representatively shoWn in FIG. 1. The ?rst three 
types of cells fall into the category of operator deployed 
infrastructure. Distributed antennasispatially separated 
antennas distributed over the macro-cell and connected to a 
macro-cell base station via a dedicated backhaul link- and 
relays-infrastructure devices With a Wireless backhaul to the 
base station that forWard calls and data to mobile devicesi 
are also part of this technology group. The installation of the 
infrastructure in any of these cases must be carefully planned 
in order to optimiZe the performance of the netWork. This 
requires previous knowledge from the Wireless service pro 
vider regarding the locations in Which the netWork perfor 
mance is experiencing coverage or throughput problems. 
Acquiring this knowledge, either reactively (performing 
measurements in response to user complaints) or proactively 
(performing measurements before receiving user complaints) 
represents increased costs for Wireless service providers. In 
general, deploying base-stations and relays are expensive 
options for the Wireless service provider, as their deployment 
involves planning, site, equipment, installation, energy, and 
maintenance costs. 
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[0005] Femto-cells are a neW, promising technology that 
folloW a different approach from the three cell types 
described above. Given that recent studies shoW that a great 
amount of voice and data services are provided or originated 
indoors, e.g. homes and buildings, it has become even more 
important to provide high throughput and coverage in those 
environments. Femto-cells aim at improving coverage and 
data rates in small indoor environments for a small number of 
users. Therefore, Femto-cell Access Points (“FAPs”) are 
acquired, oWned, and installed by the ?nal user. FAPs operate 
in the licensed spectrum, and the connection to the operator or 
service provider’s core netWork is achieved via an IP-back 
haul link, instead of through the provider’s Wireless access 
infrastructure. FIG. 2 shoWs the general scheme of a conven 
tional femto-cell system. 
[0006] From a user’s perspective, femto-cells provide the 
bene?ts of 3G/4G data rates and high voice quality in indoor 
environments, With both increased battery life, and possibly 
loWer call cost (as the Wireless service providers may encour 
age femto-cell usage). From the Wireless service provider’s 
perspective, femto-cells also provide several bene?ts. Femto 
cells represent a loW-cost alternative to improve the coverage 
and throughput in indoor environments because the cost of 
the PAP can be transferred to the ?nal user. By improving the 
user experience in indoor environments, Wireless service pro 
viders are in a better position to compete With ?xed providers 
of VoIP and WiFi. Another important bene?t of femto-cells is 
that the tra?ic of the users that are served by the PAP is 
of?oaded from the macro-cell through the Wired IP-backhaul 
link, Which reduces the tra?ic load Within the operator’s infra 
structure and leaves more resources available to serve users 

that are not in a femto-cell layer. 

[0007] While being advantageous over many prior systems, 
conventional femto-cells present many shortcomings, Which 
severely limit their performance capabilities. TWo of the 
major problems facing conventional femto-cells are (1) the 
interference caused by random femto-cell deployments, and 
(2) the incapability of guaranteeing acceptable Quality of 
Service (“QoS”) through the IP-backhaul link. 
[0008] Interference Caused by Conventional Femto-cells 
Deployments 
[0009] The characteristics of femto-cell deployments 
(Within the coverage area of a single macro-cell base-station) 
lead to interference scenarios that can severely degrade the 
throughput of the femto-cell layer and the macro-cell layer. 
Because FAPs are acquired by the ?nal user for an indoor 
environment, the coverage area of the femto-cell does not 
need to be large. In addition, the number of femto-cells Within 
the coverage area of a macro-cell base-station can be quite 
large because each residence or building Within the macro 
cell can potentially have one or more femto-cells. These 
characteristics lead to a variety of interference cases, Which 
are brie?y described beloW. 

[0010] Femto-cell to Macro-cell Interference: There are 
tWo primary classes of equipment Within the macro-cell: (1) 
femto-cell user equipments (“fUEs”), Which are devices 
Within the femto-cell coverage area served by the femto-cell, 
i.e. data is routed betWeen the fUEs and the core netWork 
through the IP-backhaul link; and (2) macro-cell user equip 
ments (“mUEs”), Which are devices Within the macro-cell 
served by the base-station, i.e. data is routed betWeen the core 
stations and the mUE’s via the base-station. In the doWn-link 
(“DL”), the transmission from the PAP to the fUEs causes 
interference at the mUEs. In general, this interference 




































