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(57) ABSTRACT 

The teachings of the present disclosure relate to seamless 
handover between macro base stations and publicly acces 
sible femto base stations that includes determining the loca 
tion of each of a plurality of femto base stations in the cov 
erage area of a macro base station. A plurality of groups 
according to the locations of the particular femto base stations 
are created. The groups are a subset of the plurality of femto 
base stations. Finally, identification information for one or 
more of the groups of femto base stations is transmitted to a 
mobile station in the coverage area of the macro base station. 
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SEAMLESS HANDOVER BETWEEN MACRO 
BASE STATIONS AND PUBLICLY 

ACCESSIBLE FEMTOBASE STATIONS 

RELATED APPLICATION 

0001. This application claims benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Application Ser. No. 61/061,544, 
titled “Handover and Load Balance Between Macro Base 
Stations and Public Accessible Femto-Base Stations.” Attor 
ney's Docket 073338.0620, filed Jun. 13, 2008, by Wei-Peng 
Chen et al. 

TECHNICAL FIELD 

0002 The present invention relates generally to wireless 
networking, and more particularly to seamless handover 
between macro base stations and publicly accessible femto 
base stations. 

BACKGROUND 

0003 IEEE 802.16 is an emerging suite of standards for 
Broadband Wireless Access (BWA) commonly known as 
WiMAX. WiMAX is one of the wireless technologies target 
ing the fourth generation of wireless mobile systems. The 
IEEE 802.16e amendment to the IEEE 802.16 base specifi 
cation enables combined, fixed, and mobile operation in 
licensed and license-exempted frequency bands under 11 
GHz. IEEE 802.16 defines a high-throughput packet data 
network radio interface capable of supporting several classes 
of Internet Protocol (IP) applications and services including 
isochronous applications such as Voice Over IP (VoIP) and 
applications with burst data access profiles such as Transfer 
Control Protocol (TCP) applications. The standards defined 
in IEEE 802.16-2004 and IEEE 802.16-2005 are both hereby 
incorporated by reference. 
0004. The basic WiMAX network coverage is provided 
using an approach similar to other mobile wireless technolo 
gies (e.g., using high power macro base stations). In order to 
increase the intra-cell coverage and capacity, distributed 
Small base station entities have been considered. Depending 
on the number of target users and the type of applications 
envisioned, these small base station entities have been defined 
by the WiMAX industry as nano, pico or femto base stations. 
The femto base station (fBS) is the smallest base station 
entity. AnfBS is, in essence, a small WiMAXMBS that a user 
can purchase and install in his home or office. It basically 
provides the user's MS the same air interface function as an 
MBS based on the IEEE 802.16 standard. Compared to a 
MBS, the fBS is a low-cost, low-power radio system having 
reduced capabilities. The users can put the fBS in their build 
ing to boost bandwidth and coverage area and enable new 
applications such as fixed/mobile convergence. Being located 
in the user's building, the fBS often provides higher signal 
strength and better link quality than the MS would get from 
the MBS outside the user's building. 
0005. The fBS is envisioned as being installed at the cus 
tomer's premise by the customer with little or no support from 
the network operator. This is different than other types of 
Small base station entities, which are typically installed and 
commissioned by the network operator. Since fBSs are oper 
ated in a home or office environment, it is natural to consider 
fBSs as private equipment which is only accessible by the 
owners’ devices. However, in certain situations the owners of 
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fBSs may provide service to the MSs of non-owners. Such 
fBSs may be referred to as public accessible fBSs. 

SUMMARY 

0006. The teachings of the present disclosure relate to 
seamless handover between macro base stations and publicly 
accessible femto base stations that includes determining the 
location of each of a plurality of femto base stations in the 
coverage area of a macro base station. A plurality of groups 
according to the locations of the particular femto base stations 
are created. The groups are a subset of the plurality of femto 
base stations. Finally, identification information for one or 
more of the groups of femto base stations is transmitted to a 
mobile station in the coverage area of the macro base station. 
0007 According to another embodiment, a system is pro 
vided for seamless handover between macro base stations and 
publicly accessible femto base stations. A macro base station 
is provided. The macro base station is operable to determine 
a location of each of a plurality of femto base stations in a 
coverage area of a macro base station. The macro base station 
may create a plurality of groups of the femto base stations 
according to the locations of the particular femto base sta 
tions. Each group may be a subset of the plurality of femto 
base stations. Finally, the macro base station may transmit 
identification information for one or more of the groups of 
femto base stations to a mobile station in the coverage area of 
the macro base station. 

0008 Technical advantages of particular embodiments 
include identification of femto base stations that are able to 
serve nearby mobile stations. By identifying nearby femto 
base stations, mobile stations do not have to spend time trying 
to find a femto station to connect to. Additionally, by having 
a femto base station service mobile stations, additional capac 
ity may be freed on the macro base station network. 
0009. Other technical advantages will be readily apparent 
to one of ordinary skill in the art from the following figures, 
descriptions, and claims. Moreover, while specific advan 
tages have been enumerated above, various embodiments 
may include all. Some, or none of the enumerated advantages. 

BRIEF DESCRIPTION OF THE FIGURES 

0010 For a more complete understanding of particular 
embodiments and their advantages, reference is now made to 
the following description, taken in conjunction with the 
accompanying drawings, in which: 
0011 FIG. 1 illustrates a communication system compris 
ing various communication networks, in accordance with a 
particular embodiment; 
0012 FIG. 2 illustrates a wireless network comprising a 
more detailed view of an endpoint, a macro base station and a 
femto base station, in accordance with a particular embodi 
ment; 
0013 FIG. 3 illustrates a portion of an example wireless 
network; 
0014 FIG. 4 illustrates a portion of an example wireless 
network that groups femto base stations based on their loca 
tions; 
0015 FIG. 5 is a flowchart illustrating a method for seam 
less handover between a macro base station and publicly 
accessible femto base stations using the groups of femto base 
stations and a mobile station's location; 
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0016 FIGS. 6-7 illustrate timing diagrams of communi 
cations of a macro base station and a publicly accessible 
femto base station using a femto base station assisted han 
dover method; and 
0017 FIG. 8 is a flowchart illustrating a method for seam 
less handover between a macro base station and publicly 
accessible femto base stations using femto base station-as 
sisted monitoring of mobile station activity. 

DETAILED DESCRIPTION 

0018 FIG. 1 illustrates a communication system compris 
ing various communication networks, in accordance with a 
particular embodiment. Communication system 100 may be 
comprised of multiple networks 110. Each network 110 may 
be any of a variety of communication networks designed to 
facilitate one or more different services either independently 
or in conjunction with other networks. For example, networks 
110 may facilitate Internet access, wireless access (e.g., a 
WiMAX service) online gaming, file sharing, peer-to-peer 
file sharing (P2P), voice over Internet protocol (VoIP) calls, 
video over IP calls, or any other type of functionality typically 
provided by a network. Networks 110 may provide their 
respective services using any of a variety of protocols for 
either wired or wireless communication. For example, net 
work 110a may comprise an 802.16 wireless network (e.g., 
802.16), popularly known as WiMAX, which may include 
macro base stations (MBSs), such as MBS 120, relay stations 
(RSs), such as RSS 130, and femto base stations (fBSs), such 
as fBSS 190. 
0019 For simplicity and ease of discussion the remainder 
of this description may use a simplified nomenclature for the 
various entities that may be involved. Owner may refer to 
the entity that has purchased an fBS or to whom the fBS is 
registered. User may refer to the entity that is consuming 
wireless resources. Access service may refer to the service 
that the owner uses to access external networks, such as the 
Internet. Access service provider or Internet service pro 
vider (ISP) may refer to the entity that provides the access 
service for the owner. Carrier service may refer to the ser 
vice that the user uses for wireless access, such as WiMAX. 
Carrier service provider or wireless service provider 
(WSP) may refer to the entity that provides the carrier service 
for the user. While this nomenclature is used for simplicity, it 
does not represent the entire scope of all possible embodi 
ments. For example, an owner may also be a user and the ISP 
may also be the carrier service provider. As another example, 
the ISP may not be directly providing the owner with Internet 
access (e.g., the ISP may provide a building with Internet 
access, the building owner may then provide the fBS owner 
with Internet access). 
0020. The embodiment depicted in FIG. 1 includes fBSs 
190. fBSs 190 may, in essence, be small base stations pur 
chased (or leased) by the owner. The owner is then respon 
sible for installing the fBS, for example at his premise. Once 
installed the fBS provides a geographically small coverage 
area that may be used to enhance the signal coverage within 
the owner's premise. Depending on the scenario, the owner 
may share this coverage with other, unknown users (e.g., the 
fBS is a public fBS), or he may limit it to known/authorized 
users (e.g., the fBS is a private fBS). 
0021 Part of the installation process may include provid 
ing the fBS with network access for its backhaul connection. 
As can be seen in FIG. 1, fBSs 190 are connected to network 
access devices 180. This connection provides fBSs 190 with 
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their backhaul connection to the carrier service provider's 
network, network 110e. Network access devices 180 may 
provide the owner with general network access. As may be 
apparent, fBSs 190 do not use dedicated back-haul commu 
nication lines but rather use the owner's existing network 
access. Depending on the embodiment and scenario the ISP 
and the WSP may be the same entity. 
(0022 While fBSs 190 may use the owner's existing net 
work access, similar to a traditional wireless access point, as 
a user leaves the fBS's coverage area they may be handed-off 
to RS 130 or MBS 120. The hand-offmay be possible because 
the user's MS is able to use the same wireless interface with 
fBS 190 and RS 130 or MBS 120. Furthermore, unlike a 
traditional WiFi wireless access point, operated in a license 
exempt band, the fBS may be operated in a licensed band. 
0023. Within a network using a wireless protocol (e.g., 
802.16, or 802.16m), such as network 110a, particular 
embodiments may allow for fBSs 190 to be public or private. 
A public fBS may allow any of endpoints 140 to connect 
thereto; a private fBS may only allow connections from those 
endpoints 140 who are authorized to connect thereto. For 
example, fBS 190a may be a private fBS that the owner has 
installed in his home. The owner of fBS 190a may have 
authorized endpoints 140h and 140i (which may, for example 
be his phone (e.g., a mobile phone) and his computer (de 
picted as a desk-top computer in FIG. 1)) to connect to fBS 
190a. Accordingly, only these two endpoints may connect to 
fBS 190a. On the other hand, fBS 190b may be a public fBS, 
installed at a business. Accordingly, any of endpoints 140 
within the coverage area offBS 190b may connect thereto. 
0024 Certain methods described with respect to FIGS. 
3-8 may provide seamless handover of service of endpoints 
140 from MBS 120 to fBS 190. In particular, the methods 
provide for transmission of information related to nearby 
public fBSs to endpoints 140 so that a handover of service 
may be performed from MBS 120. 
(0025. Each of endpoints 140 is connected to one of MBS 
120, RSs 130, or fBSs 190. For simplicity, the component to 
which an endpoint is connected may be referred to as an 
access station. For example, the access station for endpoint 
140h is fBS 190a. Between each endpoint 140 and its respec 
tive access station there may be a wireless connection 150, 
Sometimes referred to as an access link. These wireless con 
nections may be referred to as access links because they 
provide the endpoint with access to a network. Similarly, 
between each RS and MBS (or between two RSs) there may 
be a wireless connection 150, sometimes referred to as a relay 
link. This wireless connection may be referred to as a relay 
link because it relays communications from the access link 
to/from the MBS. 
0026. A wireless connection may comprise various wire 
less resources Such as, for example, a combination of a par 
ticular center frequency, a particular bandwidth, a particular 
time slot, and/or a particular subchannel (for example, as 
described in a downlink or uplink map). In particular embodi 
ments, it may be convenient to discuss the amount of 
resources used by a link in terms of slots. Depending on the 
embodiment, a slot may comprise a particular number of 
Subchannels and symbols (also known as time slots). For 
example, Section 8.4.3.1 of the Institute of Electrical & Elec 
tronics Engineers (IEEE) 802.16e-2005 Standard specifies a 
slot comprising a single Subchannel and two symbols. 
0027. An increase in the number of wireless connections 
150 within a given area may increase the impact and severity 
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of interference between wireless connections 150. Accord 
ingly, it may be desirable to know where a particular fBS has 
been configured. In particular embodiments, uplink sounding 
may be used to estimate the channel gain and interference 
strength between MBS 150, and multiple RSs 130 and fBSs 
190. The uplink sounding may, therefore, be used in deter 
mining the quality and/or efficiency of the various wireless 
connections. 
0028. In particular embodiments, endpoints 140 may 
select which access station (e.g., one of MBS 120, RSS 130, or 
fBSs 190) to connect to based on, at least in part, the spectrum 
efficiency of an access link with the respective access station. 
The spectrum efficiency may be determined using the Modu 
lation and Coding Scheme (MCS) level which may be deter 
mined by the Carrier to Interference-plus-Noise Ratio 
(CINR) of the wireless connection and may be measured in 
units of bits/Hz/sec. For example, a Quadrature Phase-Shift 
Keying (QPSK) modulated signal with coderate /2, may have 
a spectrum efficiency of 1 bit/HZ/second. Furthermore, 
depending on the embodiment, network 110a may be config 
ured to make an fBS appear more desirable as an access 
station to encourage MSs to connect thereto if possible. 
0029. Although communication system 100 includes six 
different networks, networks 110a–110?, the term “network” 
should be interpreted as generally defining any network or 
combination of networks capable of transmitting signals, 
data, and/or messages, including signals, data or messages 
transmitted through WebPages, e-mail, text chat, voice over 
IP (VoIP), and instant messaging. Depending on the scope, 
size and/or configuration of the network, any one of networks 
110a–110f may be implemented as a LAN, WAN, MAN, 
PSTN, WiMAX network, global distributed network such as 
the Internet, Intranet, Extranet, or any other form of wireless 
or wired networking. 
0030 Networks 110 may include any number and combi 
nation of wired links 160, wireless connections 150, nodes 
170 and/or endpoints 140. For purposes of illustration and 
simplicity, network 110a is a MAN that may be implemented, 
at least in part, via WiMAX; network 110b is a PSTN; net 
work 110C is a LAN network 110d is a WAN, such as the 
Internet; network 110e is a carrier service network (CSN) 
which may be operated by the carrier service provider respon 
sible for network 110a; and network 110f is an access service 
network (ASN) which may be operated by an Internet service 
provider (ISP) responsible for providing its users with Inter 
net access. Though not depicted, both CSN network 110e and 
ASN network 110fmay include servers, modems, gateways 
and an other components that may be needed to provide their 
respective service. While networks 110 have been depicted as 
six separate networks, depending on the scenario any two, or 
more, of the networks may be a single network. For example, 
the WSP and the ISP may be the same business entity which 
may maintain the necessary components for both services on 
the same network. 
0031 Generally, networks 110a, and 110C-110fprovide 
for the communication of packets, cells, frames, or other 
portions of information (generally referred to as packets 
herein) between endpoints 140 and/or nodes 170 (described 
below). In particular embodiments, networks 110a, and 110c 
110fmay be IP networks. IP networks transmit data by plac 
ing the data in packets and sending each packet individually 
to the selected destination, along one or more communication 
paths. Network 110b may, for example, be a PSTN that may 
include Switching stations, central offices, mobile telephone 
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Switching offices, pager Switching offices, remote terminals, 
and other related telecommunications equipment that are 
located throughout the world. Network 110d may be coupled 
to network 110b through a gateway. Depending on the 
embodiment, the gateway may be a part of network 110b 
and/or 110d (e.g., nodes 170e or 170c may comprise a gate 
way). The gateway may allow PSTN 110b to be able to 
communicate with non-PSTN networks such as any one of 
networks 110a or 110C-110?. 
0032) Any of networks 110a or 110C-110? may be coupled 
to other IP networks including, but not limited to, the Internet. 
Because IP networks share a common method of transmitting 
data, signals may be transmitted between devices located on 
different, but interconnected, IP networks. In addition to 
being coupled to other IP networks, any of networks 110a or 
110C-110fmay also be coupled to non-IP networks through 
the use of interfaces or components such as gateways. 
0033 Networks 110 may be connected to each other and 
with other networks via a plurality of wired links 160, wire 
less connections 150, and nodes 170. Not only do the wired 
links 160, wireless connections 150, and nodes 170 connect 
various networks but they also interconnect endpoints 140 
with one another and with any other components coupled to 
or a part of any of networks 110. The interconnection of 
networks 110 may enable endpoints 140 to communicate data 
and control signaling between each other as well as allowing 
any intermediary components or devices to communicate 
data and control signals. Accordingly, users of endpoints 140 
may be able to send and receive data and control signals 
between and among each network component coupled to one 
or more of networks 110. 

0034. As noted above, wireless connections 150 may rep 
resent wireless links between two components using, for 
example, WiMAX. The extended range of a WiMAX MBS 
along with one or more RSs and fBSs may allow network 
110a to cover the larger geographic area associated with a 
MAN while using a relatively small number of wired links. 
More specifically, by properly arranging MBS 120, multiple 
RSs 130 and fBSs 190 around a metropolitan area, the mul 
tiple access stations may use wireless connections 150 or 
existing wired links to communicate with MBS 120, and 
wireless connection 150 to communicate with wireless end 
points 140 throughout the metropolitan area. Then MBS 120 
may, through wired connection 160a, communicate with 
other MBSs, any components of network 110e, any network 
components not capable of establishing a wireless connec 
tion, and/or other networks outside of the MAN, such as 
network 110d or the Internet. 

0035. As mentioned above, the coverage quality of net 
work 110a may be enhanced through the use of fBSs 190. 
More specifically, the relatively reduced range of a WiMAX 
fBS may allow network 110a to provide improved signal 
quality and/or capacity to users within Smaller areas, for 
example within a building. fBSs 190 may be able to provide 
their access links through the use of existing network access. 
More specifically, fBSs 190 may connect to the owner's net 
work access device 180. Once connected, fBS 190 may use 
the owner's network access, provided by the owner's ISP's 
network (e.g., network 110?), for its backhaul connection to 
the carrier service provider's network (e.g., network 110e). 
0036 Nodes 170 may include any combination of network 
components, modems, session border controllers, gatekeep 
ers, ASN gateways, CSNgateways, security gateways, opera 
tion administration maintenance and provisioning (OAM&P) 
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servers, network access provider (NAP) servers, base sta 
tions, conference bridges, routers, hubs, Switches, gateways, 
endpoints, or any other hardware, Software, or embedded 
logic implementing any number of communication protocols 
that allow for the exchange of packets in communication 
system 100. For example, node 170a may comprise another 
MBS that is wired to MBS 120 via link 160i and to network 
110d via link 160a. As a MBS, node 170a may be able to 
establish several wireless connections of its own with various 
other MBSs, RSs, and/or endpoints. As another example, 
node 170e may comprise a gateway. As a gateway node 170e 
may allow network 110b, a PSTN network, to be able to 
transmit and receive communications from other non-PSTN 
networks, such as network 110d, an IP network. More spe 
cifically, as a gateway, Node 170e works to translate commu 
nications between the various protocols used by different 
networks. 

0037 Network access devices 180 may provide network 
access to fBSs 190 through any combination of hardware, 
software embedded in a computer readable medium, and/or 
encoded logic incorporated in hardware or otherwise stored 
(e.g., firmware). In particular embodiments, network access 
device 180 may be supplied by the owner's ISP. For example, 
if the owner's ISP is a cable company then the ISP may supply 
a cable modem as the network access device 180. As another 
example, if the owner's ISP is a phone company then the ISP 
may supply an xDSL modem as the network access device 
180. As may be apparent, network access device 180 may 
provide network access to components other than fBSs 190. 
For example, the owner may connect his personal computer to 
network access device 180 to Surf the Internet. 
0038 Endpoints 140 and/or nodes 170 may provide data 
or network services to a user through any combination of 
hardware, software embedded in a computer readable 
medium, and/or encoded logic incorporated in hardware or 
otherwise stored (e.g., firmware). For example, endpoints 
140a-140k may include a cellphone, an IP telephone, a com 
puter, a video monitor, a camera, a personal data assistant or 
any other hardware, Software and/or encoded logic that Sup 
ports the communication of packets (or frames) using net 
works 110. Endpoints 140 may also include unattended or 
automated systems, gateways, other intermediate compo 
nents or other devices that can send or receive data and/or 
signals. 
0039. Although FIG. 1 illustrates a particular number and 
configuration of endpoints, connections, links, and nodes, 
communication system 100 contemplates any number or 
arrangement of such components for communicating data. In 
addition, elements of communication system 100 may 
include components centrally located (local) with respect to 
one another or distributed throughout communication system 
1OO. 

0040 FIG. 2 illustrates a wireless network comprising a 
more detailed view of an endpoint, a MBS and a fBS, in 
accordance with a particular embodiment. More specifically, 
the depicted embodiment is a simplified network comprising 
networks 205, MBS 210, fBS 250 and endpoint 270. In dif 
ferent embodiments network 200 may comprise any number 
of wired or wireless networks, MBSs, endpoints, RSs, fBSs, 
and/or any other components that may facilitate or participate 
in the communication of data and/or signals whether via 
wired or wireless connections. MBS 210 and fBS 250 com 
prise processors 212 and 252, memory 214 and 254, commu 
nication interfaces 216 and 256, radios 217 and 257 and 

Dec. 17, 2009 

antennas 218 and 258. Similarly, endpoint 270 comprises 
processor 272, memory 274, radio 277, and antenna 278. 
These components may work together in order to provide 
wireless networking functionality, Such as providing wireless 
connections in a wireless network (e.g., a WiMAX wireless 
network). 
0041 Networks 205 may comprise separate but intercon 
nected networks operated by one or more different operators. 
More specifically, network 205a may be the ISP's network. 
The owner of fBS 250 may use network 205a for network 
access, such as to the Internet. In providing the owner with 
network access, the ISP's network 205a may include modem 
222, servers 224, and ISP gateway 226. Modem 222 may be 
used by the ISP to communicate with the owners modem 251. 
Thus, modem 251 and modem 222 may have complementary 
hardware and/or software that may enable them to commu 
nicate data between one another. Modem 222 may act as a 
gateway between the ISP's network 205a and the owner's 
modem 251. In particular embodiments, modem 222 may 
contain security gateway functionality. Servers 224 may 
comprise one or more servers such as OAM&P servers, 
Authentication, Authorization and Accounting (AAA) serv 
ers, Dynamic Host Configuration Protocol (DHCP) servers, 
or any other servers that the ISP may need to provide the 
owner with network access (or any other features provided by 
the ISP). ISP gateway 226 may comprise any hardware and/or 
software needed to couple network 205a with network 205b. 
This may include any hardware and/or software needed to 
implement security functionality (e.g., a secure tunnel or a 
virtual private network (VPN) connection). 
0042 Network 205c may be a WiMAX service provider's 
network. Depending on the scenario, network 205c may be 
the user's or the owner's WiMAX service provider's network. 
In providing the WiMAX service, network 205c may utilize 
servers 232 and gateway 234. Servers 232 may comprise one 
or more servers such as OAM&P servers, Network Access 
Provider (NAP) servers, AAA servers, Self Organizing Net 
work (SON) servers or any other servers that the WiMAX 
provider may need to configure/authenticate fBS 250 and 
provide users with WiMAX service. Gateway 234 may com 
prise any hardware and/or Software needed to couple network 
205c with network 205b. For example, in particular embodi 
ments, gateway 234 may comprise a security gateway and, 
behind the security gateway, an ASN gateway. The security 
gateway and ASN gateway may share all, some, or none of the 
same hardware components. Gateway 234 may also include 
security functionality for providing a secure tunnel or VPN 
connection between fBS 250 and gateway 234. This security 
functionality may be important to prevent the "Snooping of 
transmissions from fBS 250 to gateway 234. This may occur 
when the ISP is a different entity than the WiMAX service 
provider. 
0043 Networks 205a and 205c may be coupled via net 
work 205b. In some embodiments, network 205b may be the 
Internet. Thus, in such embodiments, fBS 250 may connect to 
the WSP's network, network 205c, via the Internet. Though 
network 205b is depicted as a single network, it may comprise 
any number of the networks described above with respect to 
FIG. 1. For example, network 205b may comprise the Inter 
net, a LAN, WAN, MAN, PSTN or some combination of the 
above. 

0044 Processors 212, 252 and 272 may be microproces 
sors, controllers, or any other suitable computing devices, 
resources, or combinations of hardware, Software and/or 
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encoded logic operable to provide, either alone or in conjunc 
tion with other components, (e.g., memory 214, 254, and/or 
274) wireless networking functionality. Such functionality 
may include providing various wireless features discussed 
herein. For example, processors 212,252 and 272 may be able 
to determine the spectrum efficiency of one or more of wire 
less connections 290a and 290b. Additional examples and 
functionality provided, at least in part, by processors 212,252 
and 272 will be discussed below. 

0045 Memory modules 214, 254, and 274 may be any 
form of volatile or non-volatile memory including, without 
limitation, magnetic media, optical media, random access 
memory (RAM), read-only memory (ROM), flash memory, 
removable media, or any other suitable local or remote 
memory component or components. Memory modules 214. 
254, and 274 may store any suitable data, instructions, logic 
or information utilized by MBS 210, fBS 250, and endpoint 
270, respectively, including software embedded in a com 
puter readable medium, and/or encoded logic incorporated in 
hardware or otherwise stored (e.g., firmware). For example, 
in particular embodiments, memory modules 214, 254, and 
274 may store information regarding the spectrum efficiency 
of one or more particular links. Memory modules 214, 254, 
and 274 may also maintain a list, database, or other organi 
zation of data useful for determining how to route data to the 
proper component. For example, in some embodiments a tree 
structure (as opposed to a mesh structure) may be used in 
routing data from an endpoint to a MBS. More specifically, 
there may be a known path from MBS 210 to endpoint 270b. 
This path, or a portion thereof, may be stored in one or more 
of memory modules 214, 254, and 274. Additional examples 
of information stored by memory modules 214, 254, and 274 
will be discussed below. 

0046 Radios 217,257, and 277 may be coupled to or apart 
of antennas 218, 258, and 278, respectively. Radios 217,257, 
and 277 may receive digital data that is to be sent out to other 
MBSs, fBSs, RSs and/or endpoints via a wireless connection. 
Radios 217, 257, and 277 may convert the digital data into a 
radio signal having the appropriate center frequency and 
bandwidth parameters. These parameters may be predeter 
mined, for example, by a combination of processor 212 and 
memory 214 of MBS 210. The radio signal may then be 
transmitted via antennas 218, 258, and 278 to the appropriate 
recipient. Similarly, radios 217, 257, and 277 may convert 
radio signals received via antennas 218,258, and 278, respec 
tively, into digital data to be processed by processors 212, 
252, or 272, as appropriate. 
0047 Antennas 218, 258, and 278 may be any type of 
antenna capable of transmitting and receiving data and/or 
signals wirelessly. In some embodiments, antennas 218, 258, 
and 278 may comprise one or more omni-directional, sector 
or panel antennas operable to transmit/receive radio signals 
between 2 GHz and 66 GHz. An omni-directional antenna 
may be used to transmit/receive radio signals in any direction, 
a sectorantenna may be used to transmit/receive radio signals 
from devices within a particular area, and a panel antenna 
may be a line of sight antenna used to transmit/receive radio 
signals in a relatively straight line. Together, radio 217 and 
antenna 218, radio 257 and antenna 258, and radio 277 and 
antenna 278 may each form a wireless interface. 
0048 Communication interfaces 216 and 256 may be used 
for the wired communication of signaling and/or data 
between MBS 210 and networks 205, and between fBS 250 
and networks 205. For example, communication interface 
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216 may perform any formatting or translating that may be 
needed to allow MBS 210 to send and receive data from 
network 205c over a wired connection. As another example, 
communication interface 256 may comprise an interface 
(e.g., RJ-45) that is compatible with a corresponding interface 
on modem 251, such as an Ethernet interface. While not 
depicted, endpoint 270 may also include wired interfaces. 
0049. As noted above with respect to fBSs 190, fBS 250 
may, in essence, be a small base station providing a limited 
coverage area for a home or office. Depending on the embodi 
ment and configuration offBS250 it may be public or private. 
fBS 250 may rely on the user's network access, via modem 
251, to provide the backhaul connection to network 205c, as 
opposed to the WiMAX service provider supplying the back 
haul connection as is the case with MBS 210. 
0050 Modem 251 may be used to provide the owner's 
network access which fBS 250 may utilize for its backhaul 
connection to WiMAX network 205c. Depending on the type 
of network service and/or the user's service provider, modem 
251 may be a cable modem, a digital subscriber line (DSL) 
modem, a fiber optic modem, or any other modem, gateway or 
network access device provided by the owner's network ser 
Vice provider. As may be apparent, the owner may have any 
number of routers, switches and/or hubs between fBS250 and 
modem 251. 
0051. As part of establishing a backhaul connection, fBS 
250 may communicate with modem 251. Modem 251, which 
may be provided or authorized by the user's ISP may provide 
fBS 250 with access to the ISP's network 205a which may 
then allow access to network 205c, via network 205b. Access 
ing network 205a may involve modem 251 communicating 
with the ISP's modem 222. 
0.052 The ISP may operate one or more servers (e.g., 
OAM&P, AAA, DHCP) in providing the user with network 
access. For example, the user may have a digital Subscriber 
line (DSL) account for network access with a DSL provider. 
Servers 224 may ensure that the user has paid his bills and is 
otherwise in good standing with the DSL provider. 
0053 ISP gateway 226 may connect ISP network 205a 
with the Internet (e.g., network 205b). This may allow fBS 
250 to access WiMAX network 205C via the Internet. In 
connecting network 205a with the Internet, gateway 226 may 
perform any necessary formatting and/or security functions. 
0054 WiMAX network 205c may have its own gateway 
234 and servers 232. Similar to the servers and gateways of 
ISP network 205a, gateway 234 and servers 232 may ensure 
that the user has a valid WiMAX account and that network 
205c is able to access network 205b. Servers 232 may also 
contain information, data, instructions and/or logic that may 
be used to provision various features and functionality offBS 
250. For example, they may provide fBS 250 with channel 
information for its wireless connection 290b with endpoint 
270. 
0055 Endpoints 270 may be any type of wireless end 
points able to send and receive data and/or signals to and from 
MBS 210 and/or fBS 250. Some possible types of endpoints 
270 may include desktop computers, PDAs, cell phones, 
Smartphones, laptops, and/or VoIP phones. 
0056. Thus far several different embodiments and features 
have been presented. Particular embodiments may combine 
one or more of these features depending on operational needs 
and/or component limitations. This may allow for great 
adaptability of network 200 to the needs of various organiza 
tions and users. For example, a particular embodiment may 
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use several MBSs to provide wireless access for a metropoli 
tan area, or a single MBS may be used with several RSs to 
provide the necessary coverage. Furthermore, in some 
embodiments, fBS 250 may have more or less radios. Some 
embodiments may include additional features. 
0057 FIG. 3 illustrates a portion of a WiMAX or other 
wireless network 300 that includes a number of macro base 
stations 302, femto base stations 304, and mobile stations 
306. The network may also include ASN gateways 310. 
0058. There are two types offBSs 304: private accessible 
fBS and public accessible fBS. In the former case, the fBS 
offers open access to only a closed subscription group (CSG) 
and does not serve the MSs not belonging to the CSG. For 
example, the members in a CSG may be the MS devices of the 
owner of the fBS and/or his/her family/friends/neighbors. On 
the other hand, the public accessible fBS 304 would poten 
tially serve all MSs 306 that are compatible with the fBS304 
and/or the wireless operator. Publicly accessible fBSs 304 
provide wireless operators several benefits. The publicly 
accessible fBS304 may provide greater connection quality to 
the MS 306, reduce bandwidth consumption of the MBS 302 
spectrum, and provide the ability to serve additional MS 306 
users using the same equipment. Although network 300 may 
include privately accessible fBSs, FIG.3 illustrates only pub 
licly accessible fBSs 3.04. 
0059 A MS 306 is mobile and may move from place to 
place necessitating handovers from base station to base sta 
tion. In general, the handover procedure, from a fBS 304 to 
another fBS304 or to a MBS 302 utilizes neighbor topology 
advertisement and/or MS 306 scanning procedures along 
with certain associated processes. The handover procedure 
including PHY and MAC operations over an R1 interface as 
defined in IEEE 802.16(m), Part 16, Amendment 2 and Cor 
rigendum 1 and network operations over R4/R6/R8 interfaces 
as defined in WiMAX Forum Network Architecture, Release 
1.2, Stage 2 and Stage 3 may be adopted to achieve seamless 
handover from a fBS304 to another fBS304 or to a MBS 302 
without further modification. 
0060 Certain methods such as neighbor topology adver 
tisement and mobile station Scanning may be used in a con 
ventional handover procedure. Neighbor topology advertise 
ment utilizes information received by a public fBS 304 or 
MBS 302 from its ASN gateway 310. The information may 
include PHY parameters of the target of the handover and 
may be broadcast by the currently serving base station in a 
neighbor advertisement (MOB NBR-ADV) message. 
0061 The large number of femto base stations 304 in an 
area served by a MBS 302 creates a challenge to ensure 
seamless handover from a MBS 302 to a fBS 304. The cov 
erage area of a fBS304 is generally small as compared to the 
coverage area of a MBS 302. In general, there may be a large 
number offBSs 304 in an area served by a MBS302 and thus 
a much larger number of nearby fBSs 304 than nearby MBSs 
302. Due to a much greater number of fBSs 304 within the 
service area of MBS 302, incorporating fBSs 304 into a 
neighbor topology advertisement would be bandwidth inten 
sive. Additionally, the neighbor advertisement message in the 
WiMAX standard is limited to 256 stations and may not 
accommodate the identification of all fBSs 304 within the 
service area of MBS 302. Thus it may be impossible to 
incorporate all fBSs 304 into a single MOB NBR-ADV mes 
Sage. 

0062. In a handover from MBS 302 to public fBS 304 
using the unmodified procedures as described in the WIMAX 
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standards listed above, MS 306 does not learn the PHY 
parameters of public fBS304 from a MOB NBR-ADV mes 
sage. Instead, MS 306 may have to scan the spectrum to 
identify neighboring base stations such as public f3S 304. 
Once MS 306 identifies base stations not identified in the 
MOB NBR-ADV message, MS 306 may include any newly 
identified base stations in a MOB MSHO-REQ message to 
request handover to one of these base stations. A particular 
problem with using the unmodified procedures is that the 
latency of the handover process may be long. 
0063. Therefore, it may be desired to have an improved 
handover and load balancing procedure between MBSs 302 
and public fBS 304. Various embodiments provide comple 
mentary strategies for providing seamless handover and load 
balancing between MBSs 302 and public fBSs 304. In certain 
embodiments, fBSs 304 may be grouped together based on 
their locations. Grouping fBSs 304 based on the location may 
permit the use of a MOB NBR-ADV message that contains 
only nearby fBSs 304 for broadcast to MS 306. In certain 
embodiments, MBS 302 may unicast or multicast a custom 
ized MOB NBR-ADV message to each MS 306 based on its 
location to enable MS 306 to identify nearby fBSs 304. This 
embodiment is described in further detail with respect to 
FIGS. 4-5. 

0064. In an alternative embodiment, when a particular 
public fBS 304 determines that it has sufficient capacity to 
serve MS 306, the particular public fBS 304 may schedule a 
null Zone in an uplink subframe or a null frame to monitor 
nearby MS 306 activities. A low mobility MS 306 may be 
identified and a handover of MS 306 to the public fBS 304 
may be initiated. This embodiment is described in further 
detail with respect to FIGS. 6-8. 
0065 FIG. 4 illustrates a portion of a wireless network that 
groups fBSs 304 based on their locations. In certain embodi 
ments, the locations of MS 306 and public fBSs 304 may be 
known to the MBS302 that covers the area where MS 306 and 
fBSs 304 are located. Various methods may be used to deter 
mine the location of MS 306. For example, if MS 306 is 
equipped with a global positioning system (GPS) device, MS 
306 can report its location to MBS302. Alternatively, MS306 
could calculate its position based on measurements of the 
downlink time difference of arrival (D-TDOA) received from 
neighboring MBSs 302 and the anchor positions of neighbor 
MBSs 302 received from LBS-ADV messages. A third 
method may be to have neighboring MBSs 302 coordinate to 
measure the uplink time difference of arrival from MS 306 
and calculate the location of MS 306 from that information. 
Regardless of the method used to determine MS'306 location, 
MBS 302 may send appropriate neighbor base station infor 
mation to MS 306. This allows the ability to potentially cus 
tomize MOB NBR-ADV messages to provide MS 306 infor 
mation regarding only a nearby group of fBSS 304 that may 
service MS 306. A multicast or unicast method may be used 
to send a MOB NBR-ADV message to a MS 306 that iden 
tifies the nearby group, as discussed in further detail below. 
0066 Similarly, locations of public fBSs 304 may be 
determined using any appropriate method. For example, pub 
lic fBSs 304 are likely to be stationary. Thus, the location of 
a public fBS 304 could be determined when the public fBS 
304 is added to wireless network 300. Alternatively, the loca 
tion of public fBS304 could be determined using some or all 
of the signal measurement techniques described above. 
Regardless of the method used to determine public fBS' 304 
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location, the location of public fBSs 304 relative to other 
public fBSs 304 and MBS 302 in the network may be known. 
0067. In certain embodiments, as illustrated in FIG. 4, 
fBSs 304 may be grouped together based on their locations. 
This may permit a more optimal transmission of identifica 
tion information of nearby fBSs 304 to a nearby MS 306. 
Each group may have its own MOB NBR-ADV message that 
can be broadcasted to MS 306. In certain embodiments, MBS 
302 or ASN gateway 310 may group fBSs 304 based on their 
location within MBS'302 coverage area. Once grouped, each 
group offBSs 304 may have their PHY information broadcast 
to MS 306. For example all the members offBS group 402a 
may have their PHY information broadcast to MS 306 in a 
single MOB NBR-ADV message when MS 306 is deter 
mined to be near fBS group 402a. 
0068. In certain embodiments, MBS 302 may partition its 
coverage area in into a number of Zones. Each Zone may 
correspond with a fBS group, such as fBS group 402a, 402b, 
402c, and/or 402d. Any MS 306 within the Zone may receive 
a MOB NBR-ADV as a multicast message from MBS 302. 
In certain embodiments, MBS 302 may broadcast MOB 
NBR-ADV messages for fBS groups 402 that are within a 
certain distance of MS 306. Thus, MS 306 may only receive 
messages containing information regarding nearby fBSS304. 
In certain embodiments, a MOB NBR-ADV message may 
be unicast to a particular MS 306 from MBS302. The unicast 
MOB NBR-ADV message may contain PHY parameters of 
fBSS 304 near MS 306. 
0069. Alternatively, MBS302 may successively broadcast 
multiple nearby fBS groups 402 in different MOB NBR 
ADV messages. For example, MBS 302 may broadcast the 
PHY information for fBS group 402b in a MOB NBR-ADV 
message. The next MOB NBR-ADV message may contain 
PHY information for fBS group 402c and so forth until each 
nearby fBS group 402 has been broadcast. MBS302 may then 
begin again with fBS group 402a and repeat this process. 
Under this embodiment, MS 306 may need to wait for a 
longer interval to receive information for all nearby fBSs 304. 
However, upon receipt of PHY parameters at MS 306, MS 
306 may begin scanning the spectrum to see if any f3S304 for 
which MS 306 has PHY parameters is close enough for MS 
306 to be handed over. 

0070. In certain embodiments, a particular fBS 304 may 
be assigned to more than one group. For example, fBS group 
402d overlaps with certain fBSs 304 in fBS groups 402a and 
402c. This overlapping may allow MBS 302 to provide better 
neighboring fBS information to MS 306. For example, if MS 
306 position is near the border offBS group 402a and 402c, 
receiving the PHY parameters of one of the two fBS groups 
(the group in which MS 306 is presently located) would not 
provide information regarding a number of the nearby public 
fBSs 304. fBS group 402d, however, contains public fBSs 
304 that border fBS groups 402a and 402c. Thus, a MS 306 
receiving information for fBS group 402d would be provided 
better information regarding neighboring fBSs 304 than 
receiving either fBS group 402a or 402C. In certain embodi 
ments, MBS 302 may broadcast MOB NBR-ADV messages 
for multiple groups that are within a certain distance of MS 
306. For example, in this embodiment, MBS 302 may broad 
cast to MS 306 information regarding fBS groups 402a and 
402C. 

0071 FIG. 5 is a flowchart illustrating a method for seam 
less handover between a macro base station and publicly 
accessible femto base stations using fBS group advertising. It 
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is assumed that a setup phase has occurred. The setup phase 
groups the public fBSs 304 by location. For example, this 
grouping may occur when a new public fBS 304 is added to 
the wireless network. As public fBS304 are added, the public 
fBSs 304 are included in one or more groups according to 
their locations within the coverage area of MBS 302, such that 
nearby public fBSs 304 are grouped together. 
(0072. The method of FIG. 5 begins at step 502, where a 
MBS302 determines the location of aparticular MS306 in its 
coverage area. This may be through use of GPS, transmission 
time delay, reception time delay, or other appropriate meth 
ods. At step 504, MBS302 may determine which public fBSs 
304 that are near MS 306. For example, MBS302 may deter 
mine that MS 306 within the boundaries of a particular fBS 
group 402. MBS 302 may use the information about the 
locations of public fBSs 304 gathered during the grouping 
process. Information regarding the locations and identifica 
tion information offBS group 402 may be stored at the MBS 
302 or ASN gateway 310. 
(0073. At step 506, a MOB NBR-ADV message may be 
sent by MBS302 to MS306. This MOB NBR-ADV message 
may be multicast or unicast. A multicast message containing 
identification information of the fBS group 402 may be sent to 
all MS 306 that are located within the coverage area of the 
particular fBS group 402 and/or nearby fBS groups 402. A 
unicast message to a particular MS 306, on the other hand, 
may be further customized to send identification information 
regarding public fBSs 304 that are near the MS 306. These 
public fBSs 304 may be individually chosen for their prox 
imity to MS 306 or as part of a fBS group 402. 
0074 At step 508, MS 306 receives the MOB NBR-ADV 
message. At step 510, MS 306 may begin scanning for a 
public fBS 304 identified in the MOB NBR-ADV message. 
At step 512, if a public fBS 304 is not found after a predeter 
mined period of time, MS may pause scanning and resume 
after some predetermined period of time has passed, other 
wise MS 306 continues scanning for a public fBS 304 until 
one is found. If a public fBS 304 is found, MS 306 may 
request to be handed over to the found public fBS304. At step 
514, a determination is made if public fBS304 has the ability 
to serve MS 306. A public fBS 304 may not be able to serve 
MS 306 for a variety of reasons including that it is at its 
service capacity. If MS 306 is not able to be handed over to 
public fBS304, MS 306 would continue scanning for another 
public fBS304. If public fBS 304 is able to service MS 306, 
a handover of service from MBS302 to public fBS304 occurs 
at step 516. 
(0075 FIGS. 6-8 illustrate an alternative method for pro 
viding seamless handover from a MBS 302 to a publicly 
accessible fBS 304. Instead of relying on knowing the loca 
tion of MS 306, when public fBS304 has the ability to serve 
another MS 306, public fBS 304 may actively scan for the 
presence of a nearby MS 306. Alternatively, MBS 302 may 
request or receive reports regarding the traffic load of public 
fBS 304. MBS 302 may then request or require public fBS 
304 to initiate active scanning for the presence of nearby MS 
306 to serve. The method ofusing active scanning by fBS304 
to determine candidates for handover may be referred to as 
fBS assisted handover. 
0076 FIGS. 6-7 illustrate timing diagrams of communi 
cations between MBS 302 and public fBS 304 using a fBS 
assisted handover method. A timing diagram illustrates the 
communications periods of MBS 302 and public fBS 304. 
Communications periods may be referred to as frames. A 
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frame may consist of a MAP and uplink and downlink sub 
frames. Communications between MBS 302 and fBS 304 
occur routinely. For example, public fBS304 may transmit a 
message indicating that a particular MS 306 is leaving its 
coverage area and requires a handover. The timing diagram 
assumes that the MBS 302 and public fBS 304 are time 
synchronized. 
0077. In fBS assisted handover, public fBS304 may deter 
mine that it has sufficient capacity to serve a MS 306 and 
attempt to identify one or more MSs 306 that it may be able to 
serve. To do this, public fBS304 may schedule a null Zone in 
an uplink subframe or a null frame to monitor nearby MS'306 
activities. A null Zone or null frame is a period where public 
fBS 304 does not have scheduled communications with any 
MS 306 currently served by public fBS304. During the null 
Zone or null frame, public fBS304 monitors the spectrum for 
the presence of a MS 306. The presence of a MS 306 may be 
identified through several means including bandwidth 
request headers, generic MAC headers (GMH), DL-MAP and 
UL-MAP messages, or other messages that include a connec 
tion identifier (CID) of MS 306. During the null Zone or null 
frame, public fBS304 does not schedule any uplink transmis 
sions for any MS 306 currently served by public fBS304. 
0078. Additionally, because different base stations may 
use different Subcarrier allocations and permutations, public 
fBS 304 may need to change its subcarrier allocation and 
permutations during the null Zone or null frame in order to 
correctly decode any received messages. A Subcarrier is a 
separate signal carried on a main transmission. In general, a 
Subcarrier is a modulated signal that is then modulated onto 
another signal of higher frequency and bandwidth. This may 
allow multiple signals to exist simultaneously on a single 
transmission. Different base stations may be assigned differ 
ent Subcarrier allocations and permutations in order to keep 
transmissions from each base station separated. To identify 
the proper subcarrier allocation and permutations, public fBS 
304 and MBS302 may exchange information prior to the null 
Zone or null frame. During this exchange of information, 
parameters of the null Zone or null frame may also be 
exchanged. Parameters exchanged with MBS 302 may 
include the period of the null Zone within a frame unit and 
location of the null Zone that may include information such as 
the symbol length and offset. This exchange of information 
may be performed through the air interface between fBS304 
and MBS 302 or using backhaul communications between 
MBS 302 and public fBS 304 such as through a network 
access device coupling the fBS to the wireless service pro 
vider networks as discussed in conjunction with FIG. 2. 
0079. In this embodiment, the serving MBS 302 may not 
need to identify which public fBSs 304 are close to MS 306. 
Instead, MBS302 may rely on public fBSs 304 in its coverage 
area to monitor MS'306 activities in the uplink subframes and 
to determine MS 306 that they may serve. 
0080 FIG. 6 illustrates a timing diagram with a null Zone 
the fBS uplink subframe as mentioned above. A number of 
frames and Subframes are illustrated. It is assumed and illus 
trated that MBSs 302 and public fBSs 304 are time synchro 
nized and the boundaries of the downlink and uplink sub 
frames are aligned within the macro and femto base station 
coverage areas. For example, a frame 602 comprises a MAP 
604, downlink (DL) subframe 606, and uplink (UL) subframe 
608. Subframes may be further divided into Zones. For 
example, an uplink subframe 608 may be divided into two 
Zones 610a and 610b. Null Zone may be scheduled in Zone 
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610a in uplink subframe 608. Zone 610b may continue to 
function as an uplink subframe 608. Alternatively, the null 
Zone could encompass the entire uplink subframe 608. 
I0081. In this embodiment, public fBS304 does not sched 
ule any uplink transmissions for any MS 306 that is currently 
served by public fBS 304 during null Zone 610a. Instead, 
public fBS304 adjusts its subcarrier allocation and permuta 
tions to be aligned with MBS' 302 subcarrier allocation and 
permutations. AUL-MAP message may be sent by MBS 302 
over a backhaul to public fBS304 so that public fBS304 can 
correctly decode uplink bursts during the null Zone. Anuplink 
burst may be a transmission by a MS 306 to MBS 302. Thus, 
public fBS 304 may then be able to determine the identity of 
a MS 306 that is transmitting within its coverage area. 
I0082 FIG. 7 illustrates a timing diagram of UL and DL 
subframes for a MBS 302 and an fBS304 in its coverage area. 
Similar to FIG. 6, FIG. 7 illustrates frames 602, MAP 604, 
downlink subframe 606, and uplink subframe 608. Unlike 
FIG. 6, however, FIG. 7 illustrates the use of a null frame 702. 
Instead of using all or a portion of a subframe as the null Zone 
610 as described with respect to FIG. 6, a null frame 702 
utilizes the entire frame for monitoring the spectrum for the 
presence of MS 306. In this particular embodiment, public 
fBS 304 may stop transmitting its preamble, DL-MAP, and 
UL-MAP messages during null frame 702. Instead, DL-MAP 
and UL-MAP messages from MBS 302 may be received 
directly over an air interface or through the backhaul. A 
particular advantage of using null frame 702 may be the 
ability to monitor both the downlink and uplink subframes for 
MSs 306 and avoid UL-MAP messages being sent by MBS 
302 to public fBS 304 over a backhaul. 
I0083) Regardless of whether a null Zone 610a or null 
frame 702 is used, during the null monitoring intervals, public 
fBS 304 may identify that a particular MS 306 is frequently 
within public fBS' 304 coverage area. This may be an indica 
tion that MS 306 is not significantly moving within the cov 
erage area of public fBS 304 and may also indicate that a 
stable link could exist between MS 306 and public fBS 304. 
Public fBS 304 may transmit a message that it has identified 
a potential candidate for handover to the serving MBS302 via 
the backhaul or other methods. The serving MBS 302 may 
then unicast a customized MOB NBR-ADV message con 
taining the identification information and PHY parameters of 
public fBS 304 and an unsolicited scanning request (MOB 
SCN-RSP) to MS 306 to trigger the scanning of the spectrum. 
Serving MBS 302 may also initiate an unsolicited handover 
request (MOB BSHO-REQ) message recommending that 
MS 306 handover to public fBS304. Although both methods 
for initiating handover could be used, in general, only one of 
the above methods is used. 

I0084. In operation offBS assisted handover, fBS304 may 
determine it is able to serve an additional MS 306. For 
example, public fBS304 may be able to serve thirty MSs 306. 
If a MS 306 ceases to be served by public fBS 304, for 
example, a handover of service to a MBS302, public fBS304 
will have sufficient capacity to serve another MS 306. A null 
period may be scheduled to identify a low mobility MS 306. 
After identification of a low mobility MS 306, a handover of 
MS 306 to public fBS 304 may be initiated. 
I0085 FIG. 8 is a flowchart illustrating a method for seam 
less handover between a macro base station 302 and publicly 
accessible femto base stations 304 using fBS-assisted moni 
toring of MS 306 activity. At step 802, public fBS 304 may 
determine it has the capacity to serve additional MSs 306. At 
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step 804, public fBS304 schedules a null Zone or null frame. 
At step 806, parameters of the null Zone or frame are 
exchanged with MBS 302. At step 808, public fBS304 moni 
tors MS 306 activity during the null Zone or null frame. At 
step 810, public fBS304 determines one or more MS306 that 
are candidates for handover to public fBS304. For example, 
a candidate for handover may be a MS 306 that is frequently 
monitored by public fBS 304 during successive null periods. 
At step 812, public fBS 304 reports to MBS 302 the identity 
of a candidate MS 306. At step 814, MBS 302 sends a unicast 
MOB NBR-ADV message, including identification infor 
mation of public fBS 304 to the particular MS 306 that was 
identified by public fBS304. 
I0086. At this point two processes may occur. These pro 
cesses are not mutually exclusive, but generally only one 
process would be performed. In the first procedure, at step 
816, MBS 302 initiates an unsolicited handover request by 
sending a MOB BSHO-REQ message to MS 306. By send 
ing an unsolicited handover request to MS 306, MBS 302 
indicates to MS 306 that it intends to hand over service of MS 
306 to the indicated base station. Alternatively, at step 818, 
MS 306 may begin to scan for the identified public fBS304 
upon receipt of the unsolicited MOB SCN-RSP message. 
MS 306 may use the identification information of the public 
fBS 304 included in the MOB NBR-ADV or MOB SCN 
RSP message to locate public fBS 304. At step 820, once the 
public fBS 304 is found, MS 306 may initiate a handover of 
service from MBS 302 to public fBS304. 
0087 Although certain embodiments have been primarily 
described with respect to MBS 302 and public fBS304 per 
forming certain tasks, other components of Such as ASN 
gateway 310 or other suitable components are contemplated. 
For example, in particular implementations of system 300, 
certain tasks, such as storage offBS group 402 information, 
may be performed at the ASN gateway 310 or the location of 
the radio resource controller. 
0088. Numerous other changes, substitutions, variations, 
alterations and modifications may be ascertained by those 
skilled in the art and it is intended that the present invention 
encompass all Such changes, Substitutions, variations, alter 
ations and modifications as falling within the spirit and scope 
of the appended claims. 

What is claimed is: 
1. A method, comprising: 
determining a location of each of a plurality of femto base 

stations in a coverage area of a macro base station; 
creating a plurality of groups of the femto base stations 

according to the locations of the particular femto base 
stations, each group comprising a Subset of the plurality 
of femto base stations; and 

transmitting identification information for one or more of 
the groups of femto base stations to a mobile station in 
the coverage area of the macro base station. 

2. The method of claim 1, wherein the identification infor 
mation for a group of femto base stations comprises PHY 
parameters associated with the particular femto base stations 
in the group of femto base stations. 

3. The method of claim 1, further comprising: 
determining the location of the mobile station; 
identifying one or more groups of femto base stations that 

are located near the mobile station; and 
wherein the transmitted identification information is for 

the identified one or more groups. 
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4. The method of claim 1, further comprising transmitting 
a scanning initiation message to the mobile station to cause 
the mobile station to Scan for the group of femto base stations 
for which the identification information was transmitted. 

5. The method of claim 4, further comprising initiating a 
handover request to handover service of the mobile station to 
the one of the plurality of the transmitted group of femto base 
stations. 

6. The method of claim 1, wherein a particular femto base 
station is included in more than one groups of femto base 
stations. 

7. The method of claim 1, further comprising transmitting 
identification information for each of the plurality of groups 
of femto base stations to a mobile station in the coverage area 
of the macro base station in Succession. 

8. A wireless communications system, comprising: 
a macro base station operable to: 

determine a location of each of a plurality of femto base 
stations in a coverage area of a macro base station; 

create a plurality of groups of the femto base stations 
according to the locations of the particular femto base 
stations, each group comprising a Subset of the plu 
rality of femto base stations; and 

transmit identification information for one or more of 
the groups of femtobase stations to a mobile station in 
the coverage area of the macro base station. 

9. The system of claim 8, wherein the identification infor 
mation for a group of femto base stations comprises PHY 
parameters associated with the particular femto base stations 
in the group of femto base stations. 

10. The system of claim 8, wherein the macro base station 
is further operable to: 

determine the location of the mobile station; 
identify one or more groups of femto base stations that are 

located near the mobile station; and 
wherein the transmitted identification information is for 

the identified one or more groups. 
11. The system of claim 8, wherein the macro base station 

is further operable to: 
transmit a scanning initiation message to the mobile station 

to cause the mobile station to scan for the group of femto 
base stations for which the identification information 
was transmitted. 

12. The system of claim 11, wherein the macro base station 
is further operable to: 

initiate a handover request to handover service of the 
mobile station to the one of the plurality of the transmit 
ted group of femto base stations. 

13. The system of claim 8, wherein a particular femto base 
station is included in more than one groups of femto base 
stations. 

14. The system of claim 8, wherein the macro base station 
is further operable to: 

transmit identification information for each of the plurality 
of groups of femto base stations to a mobile station in the 
coverage area of the macro base station in Succession. 

15. A wireless communications system, comprising: 
a processor operable to: 

determine a location of each of a plurality of femto base 
stations in a coverage area of a macro base station; 

create a plurality of groups of the femto base stations 
according to the locations of the particular femto base 
stations, each group comprising a Subset of the plu 
rality of femto base stations; and 
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transmit identification information for one or more of 
the groups of femto base stations to a mobile station in 
the coverage area of the macro base station. 

16. The system of claim 15, wherein the processor is fur 
ther operable to: 

determine the location of the mobile station; 
identify one or more groups of femto base stations that are 

located near the mobile station; and 
wherein the transmitted identification information is for 

the identified one or more groups. 
17. The system of claim 15, wherein the processor is fur 

ther operable to: 
transmita Scanning initiation message to the mobile station 

to cause the mobile station to scan for the group of femto 
base stations for which the identification information 
was transmitted. 
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18. The system of claim 17, wherein the processor is fur 
ther operable to: 

initiate a handover request to handover service of the 
mobile station to the one of the plurality of the transmit 
ted group of femto base stations. 

19. The system of claim 15, wherein a particular femto base 
station is included in more than one groups of femto base 
stations. 

20. The system of claim 15, wherein the processor is fur 
ther operable to: 

transmit identification information for each of the plurality 
of groups of femto base stations to a mobile station in the 
coverage area of the macro base station in Succession. 
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