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(57) ABSTRACT 

A method for locating a mobile device in a Wireless com 
munications system comprised of a plurality of base stations 
is provided. The method comprises associating the mobile 
device With a ?rst base station of the plurality of base 
stations. Thereafter, a paging signal is delivered from a 
subset of base stations associated With the ?rst base station 
to the mobile device. The subset of base stations may 
correspond to a network active set of base stations associ 
ated With the mobile device. Thereafter, When a signal from 
one of the base stations in the subset of base stations is 
received, indicating that the mobile device responded to the 
paging signal from the one base station, then the mobile 
device is located and may be associated With the one base 
station for future paging attempts. 
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FIGURE 1 
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FIGURE 2 
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FIGURE 10 
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FIGURE 11 
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FIGURE 12 
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A METHOD FOR CONTROLLING PAGING AND 
REGISTRATION OF A MOBILE DEVICE IN A 
WIRELESS COMMUNICATIONS SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to telecommunica 
tions, and more particularly, to Wireless communications. 

[0003] 2. Description of the Related Art 

[0004] The Wireless industry and the Internet are converg 
ing. In Wireless cellular technology, this convergence is 
embodied in Time Division Multiple Access (TDMA) based 
technology, particular beginning With second-generation 
systems, such as the European Telecommunications Stan 
dards Institute (ETSI) General Packet Radio Service 
(GPRS). Alternatively, in Code Division Multiple Access 
(CDMA) based systems, this convergence is achieved via 
neW standards, such as 3rd Generation Partnership Proj ect’s 
(3GPP’s) Universal Mobile Telecommunications System 
(UMTS) standard or via the evolution of existing Second 
Generation (2G) CDMA standards, such as IS95 in the form 
of CDMA 2000. These systems are intended to convey data 
as Well as legacy voice traf?c. Looking to the future, neW 
communication systems are in the process of being de?ned 
and are currently termed fourth generation systems (4G). 
These 4G systems are typically characterized by high band 
Widths and small cell siZe. The aim of these 4G systems is 
to be able to provide Internet connectivity, including trans 
parent access to the Internet, While also providing a plethora 
of services and applications seamlessly via a variety of air 
interfaces to the users While the user roams around the 
variety of cellular systems. This type of future scenario is 
very heterogeneous in characteristic and is captured by the 
International Telecommunication Union Radiocommunica 
tion sector (ITU-R). 

[0005] These proposed 4G systems sulfer from a variety of 
shortcomings, including the fact that the current cellular 
architectures Will be required to be heavily modi?ed to 
provide desired interconnectivity and services. These modi 
?cations Will result in cellular architectures that are exceed 
ingly complex, and thus, expensive to construct and main 
tain. 

[0006] A standard approach to providing cellular access 
involves adopting a hierarchical architectural approach to 
gain access to Public SWitched Telephone Networks 
(PSTNs) or the Internet. This type of solution is epitomiZed 
through the presentation and management of a variety of 
interfaces that add to the complexity of the system. In these 
architectures, the entry point to the system is physically 
remote from the exit point at the air interface. Moreover, 
typically, Radio Link Protocols (RLP) that characterize the 
type of cellular system are split over tWo or more netWork 
elements. For example, the RLP is split betWeen the base 
station (BTS or NodeB) and the Radio System/Network 
Controller (RSC/RNC). Additionally, the control elements 
of these netWorks are again split over a number of netWork 
elements. For example, in a Global System for Mobile 
communications (GSM) system the control elements are 
distributed over the Base Station Controllers (BSCs) and the 
Mobile-services SWitching Center (MSC), or in the case of 
GPRS, the control elements are distributed over the BSC and 
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the Serving GPRS Support Node (SGSN). In UMTS, a 
similar split Would occur over the RNC and MSC for voice 
tra?ic or the RNC and SGSN for packet data. As can be seen, 
there are splits in both the control and user planes. These 
splits Were originally implemented to solve technological 
problems that arose from limited processing poWer and the 
limited availability of bandWidth of transmission systems 
betWeen the netWork elements. These splits imply that it Was 
desirable to have the RNC oversee many BTSs. Similarly, a 
number of RNCs are controlled by a central data distributor, 
such as the MSC or the SGSN. In short, past processing 
capabilities Were suf?ciently expensive that for the cellular 
system to be viable, the processing had to be split across a 
variety of netWork elements. 

[0007] There have been other approaches in Wireless con 
nectivity that have principally addressed the need for broad 
band Wireless access, such as Hiperlan, and 802.11 based 
systems. Some prior attempts have tried to tie in cellular 
aspects to the general idea of broadband access but they did 
not address the backWard compatibility of the air interfaces, 
While the others are mainly directed to the Media Access 
Control (MAC) layer and the physical layer and do not 
address the generic aspects of cellular systems in regard to 
radio resource management or mobility across a controlled 
cellular netWork. Both systems could be considered as 
orthogonal systems that are provided to complement the 
cellular netWork, and hence cannot be considered as a 
simpli?cation to the cellular system. 

[0008] Generally, there are at least three signi?cant short 
comings associated With the solutions described above. 
First, scalability of the system is signi?cantly limited. In a 
traditional cellular netWork, increased capacity of the system 
may be obtained by adding BTSs. BTSs, hoWever, may not 
be simply added to the system Without eventually creating a 
need for additional elements in the system. For example, as 
the capacity of RNCs becomes saturated, the addition of 
another BTS Would require more RNCs. This argument also 
recurses upWard to the MSCs, SGSNs, etc. Accordingly, this 
approach has a relatively high cost With regard to the amount 
of equipment needed to build the solution as capacity limits 
are reached. Moreover, this problem Will also be exacerbated 
by the tendency toWard small cells as advocated by prior 
systems. Also, a neW BTS Will start olf supporting a lighter 
load than the existing BTSs, thereby leading to inef?cient 
use of the resources in the Wireless netWork. 

[0009] Second, ?exibility of the system is signi?cantly 
limited. The second problem With traditional cellular net 
Works is that the existing solutions are not designed to alloW 
the use of equipment using di?ferent radio interfaces. That is, 
although provision is made to hand-over from other radio 
interfaces, direct access to future types of interfaces is not 
provided. 
[0010] Third, the system becomes exceedingly complex. 
Both of the above problem areas combine to make the 
present solutions complex or at least overly complicated in 
the sense of future development of a netWork. That is, each 
neW generation typically requires that a neW infrastructure 
be developed, such as in the case of UMTS. This complexity 
may then necessitate high capital expenditures to create the 
neW infrastructure. A second form of complexity arises out 
of the management of the numerous interfaces that these 
systems present. This type of complexity is re?ected in 
higher operational expenditures. 
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[0011] Wireless communications systems are becoming an 
increasingly integral aspect of modern communications. To 
ensure Quality of Service (QoS) and end-user satisfaction, 
ef?cient resource allocation and management strategies are 
required. While traditional Wireless netWorks have primarily 
carried voice traf?c, current and next-generation Wireless 
netWorks are becoming increasingly data-centric due to the 
increased popularity of data applications using protocols 
such as the Transmission Control Protocol (TCP). As such, 
future Wireless netWorks must increasingly be able to effi 
ciently allocate resources betWeen both voice and data 
traf?c. However, such ef?ciency can be dif?cult to achieve 
because data applications are fundamentally different from 
traditional voice applications, both in terms of the traf?c 
characteristics and the QoS requirements. This difference 
stems from the fact that, in general, voice applications 
typically require a constant transmission rate, independent 
of the netWork loading and the Wireless channel quality. 
Reliable communication in such voice applications is gen 
erally achieved through poWer control to alleviate adverse 
channel conditions. On the other hand, in data applications, 
performance as perceived by the end-user is closely related 
to the netWork-layer throughput, the transaction time for 
initiating a connection and the transaction time for trans 
mitting the data. Both the throughput and transaction time 
for data transmissions are dependent upon the channel 
quality, the netWork load and the resource allocation (sched 
uling) strategy. 

[0012] Data applications are typically more delay-tolerant 
than voice applications and are able to accept a marginal 
increase in delay to achieve improved long-term throughput 
and greater energy ef?ciency. For example, email commu 
nications are much less sensitive to delays and interruptions 
in transmission than are voice communications. Internet 
access and ?le transfers, likeWise, can tolerate a bursty 
communications channel, as long as reasonable response 
times and reasonable average throughputs are maintained. 
Further, due to increased buffering typically available on 
data devices relative to voice devices, and due to the 
substantially unidirectional nature of the communications, 
even streaming data applications exhibit a greater robustness 
to data interruptions than do voice communications. This 
relatively high delay tolerance of data traf?c, in addition to 
the bursty nature of data tra?ic (i.e., packets of data in a 
transmission tend to be transmitted in bursts), alloWs for 
?exible transmission scheduling strategies to achieve greater 
ef?ciency of the limited netWork resources. 

[0013] The present invention is directed to overcoming, or 
at least reducing, the effects of, one or more of the problems 
set forth above. 

SUMMARY OF THE INVENTION 

[0014] In one aspect of the present invention, a method for 
locating a mobile device in a Wireless communications 
system comprised of a plurality of base stations is provided. 
The method comprises associating the mobile device With a 
?rst base station of the plurality of base stations. Thereafter, 
a paging signal is delivered from a subset of base stations 
associated With the ?rst base station to the mobile device. A 
signal from one of the base stations in the subset of base 
stations is received, indicating that the mobile device 
responded to the paging signal from the one base station. 
The mobile device is then associated With the one base 
station. 
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[0015] In another aspect of the present invention, a 
method for registering a mobile device in a Wireless com 
munications system is provided. The method comprises 
receiving a signal from a ?rst one of the base stations 
indicating that the mobile device is communicating With the 
?rst one of the base stations; and associating the mobile 
device With at least the ?rst one of the base stations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention may be understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings, in Which like reference numerals 
identify like elements, and in Which: 

[0017] FIG. 1 stylistically depicts an exemplary telecom 
munications system that implements an all-IP netWork 
Architecture using Base Station Routers (BSRs); 

[0018] FIG. 2 stylistically depicts an exemplary mobility 
management structure that may be employed in the tele 
communications system of FIG. 1; 

[0019] FIG. 3 stylistically depicts a signal ?oW associated 
With a reallocation of a Primary Foreign Agent (PFA) Within 
the telecommunications system of FIG. 1; 

[0020] FIG. 4 stylistically depicts a timeline representa 
tion of a Fast Cell-Site Selection (FCSS); 

[0021] FIG. 5 stylistically depicts the relationship betWeen 
a Primary Foreign Agent (PFA), Secondary Foreign Agents 
(SFAs) and a mobile; 

[0022] FIG. 6 stylistically depicts an alternative embodi 
ment of the instant invention in Which an MPLS approach 
for transport of control and signaling messages Within a 
backhaul netWork is shoWn; 

[0023] FIG. 7 stylistically depicts an illustrative netWork 
con?guration in Which different BSRs are connected to a 
router and ultimately to the GFA through a hierarchical 
architecture; 
[0024] FIG. 8 stylistically depicts a graph of the average 
number of VoIP users supported as a function of VoIP packet 
delay budgets for different values of a Suspension Time; 

[0025] FIG. 9 stylistically depicts a graph of CDF of the 
achieved throughput versus various transmission strategies; 

[0026] FIG. 10 stylistically depicts a graph of average 
inter-arrival time as a function of the Suspension Time; 

[0027] FIG. 11 stylistically depicts a coefficient of varia 
tion for the inter-arrival times; and 

[0028] FIG. 12 stylistically depicts a complementary 
cumulative function for message Waiting time When the link 
has a utiliZation of 10. 

[0029] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof have been shoWn by Way of example in the draWings 
and are herein described in detail. It should be understood, 
hoWever, that the description herein of speci?c embodiments 
is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 
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DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0030] Illustrative embodiments of the invention are 
described below. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation 
speci?c decisions may be made to achieve the developers’ 
speci?c goals, such as compliance with system-related and 
business-related constraints, which may vary from one 
implementation to another. Moreover, it will be appreciated 
that such a development effort might be complex and 
time-consuming, but may nevertheless be a routine under 
taking for those of ordinary skill in the art having the bene?t 
of this disclosure. 

[0031] There are several aspects of the instant invention, 
each of which tends to arise from the notion of a Base 
Station Router (BSR). The BSR moves away from a tradi 
tional centraliZed and hierarchical cellular architecture to a 
migratable distributed cellular architecture, as is discussed 
in greater detail below in conjunction with the accompany 
ing drawings. 

[0032] Turning now to the drawings, and speci?cally 
referring to FIG. 1, a communications system 100 employ 
ing an exemplary all-Intemet Protocol (all-IP) network 
architecture is stylistically illustrated, in accordance with 
one embodiment of the present invention. Generally, the 
system 100 is comprised of a plurality of BSRs 102. The 
BSRs 102 are connected to an Intranet 104 (also referred to 
as the backhaul network). Gateways 106 connect the Intranet 
104 to the Internet 108. In an exemplary embodiment of the 
instant invention, Internet Protocol (IP) is a network proto 
col that may be used to transport user and control informa 
tion within the Intranet 104. A control server 110 provides 
call service control. One signi?cant characteristic of the 
exemplary communications system 100 is that a substantial 
portion of the radio network functionalities are integrated 
with the base station functionalities and are thus distributed 
across the network. 

[0033] Third generation CDMA cellular networks are 
designed to support both voice and data services. Enhance 
ments to packet data transport through high-speed shared 
channels (HSDPA in UMTS, EV-DV in CDMA 2000) are 
currently being standardiZed. In these systems, voice traf?c 
is carried in traditional circuit-switched mode while data is 
carried through scheduled-mode shared channels in the form 
of packet switching. However, to provide a rich multimedia 
session, it is bene?cial to have a single mode of transport for 
all services. This simpli?es call control and reduces equip 
ment cost for supporting multimedia user experience. Such 
a convergence is also seen in wire-line networks where voice 
communication is increasingly migrating to voice-over-IP 
(VoIP) format. Thus, for purposes of illustration the instant 
invention is described in the context of a CDMA system that 
only supports a shared transport channel, such as in the 
CDMA 2000 lx EV-DO system, as the wireless interface. 
Those skilled in the art will appreciate that aspects of the 
instant invention may be implemented in other types of 
communications systems without departing from the spirit 
and scope of the instant invention. Those skilled in the art 
will further appreciate that, whatever system is chosen to 
implement aspects of the instant invention, it would be 
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useful for such a system to be capable of delivering the 
quality of service (QoS) required to carry real-time traf?c, 
such as VoIP traf?c. 

[0034] In an exemplary embodiment of the instant inven 
tion, Fast Cell-Site Selection (FCSS) is employed to achieve 
delay constraints for users particularly near the edges of 
cells, thereby enhancing VoIP capacity in the absence of soft 
handoif on the shared channels in a CDMA system. FCSS 
refers to a procedure that allows rapid switching of the 
transmission for a call from one base station with a weak 
radio link to another with a better link, thereby harnessing 
the advantage of the time-varying channel quality of the 
wireless link. Thus, FCSS is also referred to simply as cell 
switching here. In some applications, it may be possible to 
avoid soft handolfs without signi?cant loss in capacity, 
provided that FCSS is employed. The instant invention 
exploits this fact in the use of an architecture that allows fast 
switching between cells rather than soft handolf. This elimi 
nates the need for tight synchronization between base sta 
tions and framing protocols between nodes to guarantee 
strict latency requirements (even when the application does 
not require it), as would otherwise be required for soft 
handolfs. Although soft handoif is proposed for the data 
channel on the reverse link in current CDMA systems, 
aspects of the instant invention may be employed on the 
reverse link instead of frame selection or soft handolf to 
simplify the architecture. With channel-aware scheduling on 
the reverse link, the loss of diversity from not implementing 
soft handolf is somewhat compensated by multi-user diver 
sity that is achieved by only transmitting when a user’s 
channel is relatively good. 

[0035] Several proposals for IP RAN and for micro 
mobility management have been published in the literature, 
including Hierarchical Mobile IP (HMIP), HAWAII, Cellu 
lar IP, and BCMP (Brain Candidate Mobility Protocol). 
However, these proposals do not speci?cally address issues 
that arise in a CDMA system and are not tailored to a CDMA 
network. In particular, they do not address the issue of 
ping-pong of a mobile between base stations in the case of 
rapid signal ?uctuations from the different base stations. 
Seamless transfer of radio link protocol information was 
also not considered. In a CDMA system, universal frequency 
reuse is employed to maximiZe capacity, and thus interfer 
ence can come from an immediate neighboring base station. 
Further, the radio link from a base station that can best serve 
a given mobile, as re?ected by its best signal-to-interfer 
ence-plus-noise ratio (SINR) among adjacent base stations, 
could be rapidly changing even when the mobile is station 
ary because of time-varying channel fading. Thus handolfs 
are not only driven by user mobility but by signal propaga 
tion characteristics as well. Any mobility management archi 
tecture must be designed for a signi?cant number of hand 
olfs between a small set of base stations. In a scenario with 
frequent handolfs, it becomes useful to ensure that the 
handoif process is fast, lossless and ef?cient. 

[0036] The current generation of cellular networks sup 
ports mobility management with associated requirements of 
low packet loss and low handoif delay through a centraliZed 
architecture. While it is possible to consider IP transport 
within the centraliZed architecture, a distributed architecture 
with decentraliZed control is preferable from the perspective 
of scalability and robustness. In the centraliZed architecture 
for CDMA systems, the radio network controller (which 
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typically serves a large number of base stations) performs 
the following functions: load and congestion control of 
individual cells, admission control in simplex and soft 
handolf modes, CDMA code tree management for individual 
cells, management and con?guration of individual cells, 
mapping of traf?c to appropriate physical channels, macro 
diversity combining and distribution for soft handolf, outer 
loop poWer control for soft handolf on the reverse link, 
paging coordination and mobility management. Among 
these different functionalities, the ones speci?c to individual 
cells such as code allocation management, congestion con 
trol, and admission control in simplex mode can be straight 
forWardly distributed to the base stations as these functions 
do not require interactions among base stations. HoWever, 
functionalities related to soft handolf, paging and mobility 
management require signaling betWeen base stations When 
distributed and thus careful design of the architecture to 
facilitate these functions is useful. Besides being distributed, 
the proposed architecture is all-IP in the sense that IP-based 
protocols are used for transport of data and signaling Within 
the radio access netWork. 

[0037] Mobile IP has been standardized for macro-mobil 
ity management in IP netWorks. Several extensions to 
Mobile IP may be used to support micro-mobility and 
loW-latency, loW-loss handolfs in Wireless netWorks. 
Examples include the above-mentioned HAWAII, Cellular 
IP, and Hierarchical Mobile IP (HMIP). In an illustrated 
exemplary embodiment of the instant invention, the frame 
Work of HMIP With route optimization is employed for 
implementing mobility management. While the exemplary 
embodiment employs HMIP as the frameWork, enhance 
ments to the mobility management that are driven by the 
CDMA air-interface can also be applied to other micro 
mobility management protocols. In the illustrated embodi 
ment, HMIP is enhanced to support FCSS With seamless 
RLC transfers and header compression that are speci?c to a 
CDMA system. 

[0038] A proposed exemplary architecture is illustrated in 
FIG. 2. A gateWay foreign agent (GFA) 200 is located at the 
boundary of the radio access netWork and the Internet. 
Packets are hierarchically tunneled from a correspondent 
host (CH) 202 to the BSRs 102 through the GPA 200. A 
netWork active set (NAS) is de?ned as consisting of the set 
of BSRs 102 betWeen Which a mobile 204 can sWitch on a 
fast time scale. BSRs 102 are added or deleted from the NAS 
on a sloW time scale, based on certain criteria for the link 
quality betWeen the mobile 204 and the added or deleted 
BSR 102. Within the NAS, one ofthe BSRs 102 is called the 
primary foreign agent (PFA) While the other BSRs 102 are 
called the secondary foreign agents (SFA). The PFA serves 
as the anchor for mobility and radio resource management 
and performs functions similar to the radio netWork con 
troller (RNC) in the traditional architecture. A database 208 
collecting all the user location information is connected to 
the GPA 200. In another embodiment of the instant inven 
tion, the location database 208 is a separate entity located in 
the netWork and connected to the GPA 200. 

[0039] It is Worth noting that the PFA and SFAs are logical 
entities for performing various netWork control functions 
and physically, they all are BSRs 102. In the proposed 
architecture, one and only one BSR 102 in the NAS is 
serving each mobile 204 at a time and that is referred as the 
serving BSR 102. As a result, it is possible that the PFA, 
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SFAs and the serving BSR 102 correspond to the same BSR 
102 for a given mobile 204. Further, different BSRs 102 can 
serve as the PFA for different mobiles 204, unlike in the 
traditional architecture Where a single RNC performs the 
resource management for all of the mobiles 204. In addition, 
due to user mobility, different BSRs 102 may serve as the 
PFA for that particular user at different times during the 
connection. Relocation of the PFA functionalities from one 
BSR to another during the mobile’s connection to the 
netWork is discussed in greater detail beloW. Thus, the 
resource management function is distributed across the 
netWork. The NAS is similar to the active set in a CDMA 
system de?ned for soft handolf. HoWever, in FCSS, only one 
BSR 102 Within the NAS transmits at any given time, unlike 
in soft handolf for Which several base stations simulta 
neously transmit to and receive from the same user. Never 
theless, all BSRs 102 in the NAS are assigned air-interface 
resources and maintain some RLC state information for the 
mobile 204 so that they can immediately transmit if they 
become the serving BSR 102. 

[0040] At least some of the signi?cant features of the 
proposed architecture include: 

[0041] l) The radio netWork control functionalities such 
as call admission control, CDMA code tree manage 
ment, and paging control, are distributed to the different 
base station routers (BSRs) 102 in the netWork. 

[0042] 2) IP is used as the transport protocol to carry all 
data and signaling traffic betWeen the different nodes. 

[0043] 3) Maintaining a gateWay foreign agent (GFA) 
as in HMIP at the root of the domain Which serves one, 
or more than one, location or paging area. 

[0044] 4) Maintaining a netWork active set (NAS) of 
base stations for enabling fast cell site selection (FCSS) 
for each mobile. 

[0045] 5) A primary foreign agent (PFA) serves as the 
mobility anchor and the PPP/PDCP initiation/termina 
tion point. Header compression, if enabled, is imple 
mented at the PFA. 

[0046] 6) A split RLC implementation in Which the 
RLC function is split betWeen the PFA and SFA, as 
described in more detail beloW. 

[0047] 7) PFA multicasts forWard-link user data to all 
the SFAs or selectively a subset of SFAs in the NAS. 
The subset can be chosen dynamically and intelligently 
by the PFA based on system loading, channel charac 
teristics and mobile mobility pattern. 

[0048] 8) Separate transmitting and receiving BSRs 
may be associated With any given mobile. In general, 
the cell sWitching can be independent on the forWard 
and reverse links since the BSR to Which the mobile has 
the best channel quality on the forWard and reverse 
links need not be the same on both links. In another 
embodiment, the same BSR could be used as the 
serving BSR for both the forWard and the reverse links. 

[0049] 9) Packet forWarding mechanisms as in MIP 
route optimiZation to ensure smooth relocation of the 
PFA as the mobile moves through the netWork. Addi 
tionally, in one embodiment, Whenever feasible, the 
PFA relocation is implemented in an opportunistic Way 
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when the mobile is in the dormant state and thus 
packets are not buffered in the network. The PFA 
relocation is optimized according to different mecha 
nisms and different objectives that govern the tradeolf 
between routing ef?ciency and overhead associated 
with too many PFA relocations. 

[0050] 10) Maintaining Radio Resource Control (RRC) 
and call-processing signaling between the mobile and 
the network to enable mobility management without 
any Layer 3 messages. This requires introduction of 
proxy registration messages into MIP so that the BSR 
can register with the home agent on behalf of the 
mobile node. 

[0051] 11) In one embodiment of the instant invention, 
the QoS for control signals and relevant data transfers 
on the backhaul network to enable FCSS is ensured 
using quasi-static multi-protocol label switching 
(MPLS) paths between base stations. In other embodi 
ments, different mechanisms for ensuring Q08 in the 
backhaul network, such as IntServ and Di?Serv are 
envisioned in this application. 

[0052] 12) Distributed registration and paging are sup 
ported, enabled and facilitated by the proposed distrib 
uted network architecture. 

[0053] It may be useful to consider the steps involved in 
initiating a call and how it proceeds in the proposed archi 
tecture. Consider a mobile 204 that powers up in the vicinity 
of a set of BSRs 102. As in a standard CDMA system, the 
mobile 204 acquires the pilot signals from the BSRs 102 and 
uses an access channel to communicate with the BSR 102 
from which it received the strongest signal to initiate a 
session. The BSR 102 that receives the mobile’s signal then 
performs admission control, and, if it admits the user, 
establishes resources for the mobile 204. The BSR 102 that 
receives the mobile’s signal is designated to be the PFA for 
this mobile 204. Assume for the purpose of illustration that 
the mobile 204 already has an IP address assigned to it that 
is topologically valid in the current network where it pow 
ered up. (If not, the mobile 204 can then obtain a topologi 
cally valid IP address through a local DHCP (not shown) and 
this MIP signaling will not be required.) The mobile 204 
then registers with this IP address to the BSR 102, which in 
turn sends hierarchical MIP proxy registration messages to 
the GPA and to a Home-Agent (HA) 206 of the mobile 204. 
When the mobile 204 receives a neighboring BSR pilot with 
signal strength above a certain threshold, it sends an RRC 
signal to request the addition of this BSR 102 to the NAS in 
the same way as in a traditional CDMA system for soft 
handolf. This RRC signal is processed by the PFA, and the 
PFA then adds the indicated BSR 102 to the NAS and 
con?gures it as an SFA by HMIP proxy registration and 
response messages (with the mobile 204 as the source and 
PFA as the next level foreign agent). The correspondent host 
(CH) 200 that sends a packet addressed to the mobile 204 is 
?rst routed to the home network and intercepted by the HA 
206. The HA 206 then tunnels the packet to the GPA 200, 
which in turn tunnels the packet to the PFA. The PFA 
performs header compression (if enabled) and forwards the 
packet to the serving BSR 102 for transmission over the air. 
As the mobile 204 moves or as the signal strength changes, 
the serving BSR 102 can change rapidly according to the 
FCSS protocol described below. Periodically, as the mobile 
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204 moves over a larger distance, the PFA is relocated using 
context transfer protocols, as described immediately below. 

[0054] A signi?cant aspect of the mobility management is 
the relocation of the PFA functionality as the mobile 204 
moves through the network. The purpose of the PFA relo 
cation is to transfer the PFA functionalities and responsi 
bilities as the “anchor” for the mobile 204 from the current 
PFA to an SFA in the NAS. In the absence of PFA reloca 
tions, packets would have to be forwarded from the PFA to 
the serving BSR 102 in the NAS that could become topo 
logically distant from the PFA as the mobile 204 moves. On 
the other hand, frequent PFA relocations would generate a 
signi?cant amount of signaling traf?c and additional delay 
on the backhaul network. Thus, there is a tradeolf involved 
in determining how frequently PFA relocations should be 
done, and may depend on any of a variety of factors of the 
particular network and the values of the system parameters, 
such as the degree of connectivity in the network, the 
bandwidth available in the backhaul network and the QoS 
requirements under consideration. If the network is highly 
connected in a mesh so that any BSR 102 is able to reach 
another BSR 102 with a small number of hops, then the 
delay incurred from forwarding data from a PFA is not large 
even without frequent relocations. If suf?cient bandwidth is 
available and transmission delay is not a concern, frequent 
relocations are again not required. The signaling protocol for 
relocating the PFA (called the O-PFA) to an SFA within the 
NAS (then called the N-PFA) that could potentially be 
actively transmitting or receiving at the time of relocation is 
described herein. The node that should become the new PFA 
can be optimiZed for any given network architecture. 

[0055] The signaling ?ow for PFA relocation is shown in 
FIG. 3. 

[0056] 1) Upon deciding to perform a PFA relocation, 
O-PFA sends a proxy binding update request message 
to the N-PFA indicating a care-of-address (CoA) of the 
mobile 204 and the GPA address. All relevant state 
information is also carried as a part of this message. 

[0057] 2) N-PFA responds with an Acknowledgment 
(Ack) to indicate availability of resources to accept the 
role of PFA and creates necessary structures to store the 
state information. N-PFA stops forwarding reverse link 
packets to O-PFA. 

[0058] 3) O-PFA, on receiving the Ack, starts forward 
ing the forward and reverse link packets to the N-PFA 
while also temporarily retaining them in the buffer. 
O-PFA sends proxy messages to the other SFA(s) to 
indicate that they should re-register with the N-PFA. 

[0059] 4) SFA(s) send registration request message to 
the N-PFA to create binding. 

[0060] 5) N-PFA registers (regional registration) with 
the GPA 200 that results in a binding update at the GPA 
200. 

[0061] 6) Registration Response from the GPA 200. 

[0062] 7) Registration Response to SFA(s) from 
N-PFA. 

[0063] 8) Response from SFA(s) to O-PFA indicating 
binding update. 
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[0064] 9) Response from N-PFA to O-PFA indicating 
the success or failure of the binding updates at the 
various nodes. 

[0065] 10) Completion of transfer message from O-PFA 
to N-PFA indicating completion of forwarding of all 
forWard and reverse link packets. O-PFA empties all 
buffers and removes state information. 

[0066] The main objective of FCSS is to track channel 
fading of multiple cell sites and select the cell With the best 
channel quality to serve a mobile 204, thereby achieving cell 
site diversity and higher link throughput. FCSS is thus 
similar to hard handolf betWeen base stations in that, at any 
given time, there is exactly one serving base station that 
supports a given mobile. However, the principal difference 
between FCSS and hard handolf is that for each mobile in 
the FCSS scheme, We propose to maintain an active set of 
BSRs 102 that include the BSR 102 With the best pilot SINR 
(as received at the mobile) and all other BSRs 102 With link 
loss to the mobile Within some threshold of that for the BSR 
102 With the best SINR. Since there is no active set for hard 
handolf, it takes much longer to sWitch from one base station 
to another. For the forWard link, FCSS theoretically could 
lead to a substantial improvement in capacity compared to 
conventional hard handolf. 

[0067] In the illustrated embodiment, each mobile 204 is 
responsible for initiating cell sWitching for both forWard and 
reverse link. Speci?cally, each mobile 204 monitors channel 
quality for all links from the BSRs 102 in the active set, 
selects the best one according to pre-speci?ed criteria and 
broadcasts the selected cell identity via reverse link signal 
ing. To reduce unnecessary cell sWitching (i.e., ping-pong 
effects), it is desirable to use a form of time-averaged 
channel quality to select the best BSR 102. 

[0068] Note that this approach has its shortcoming; 
namely, the sWitching decision by the mobile 204 is based 
on channel quality Without considering any other factors 
such as traf?c loading and resource consumption. UtiliZing 
a central controller (for example, PFA) for decision-making 
Would alloW dynamic load balancing and cell coordination. 
HoWever, it suffers from high delay in sWitching betWeen 
cell sites due to excessive signaling. Hence, in addition to 
initiating cell sWitching by the mobile 204, it is also pro 
posed that, for example, in case of traf?c overload at the neW 
cell site selected by the mobile 204, the PFA, upon receiving 
such a signaling message, can signal the mobile 204 to 
cancel the chosen cell sWitch. In one embodiment of the 
instant invention, it is envisioned that, if the initial cell 
selection is rejected, the mobile 204 may select the next best 
cell-site according to the speci?ed criterion and inform the 
PFA of its selection. Alternatively, rather than potentially 
going through this iterative procedure for selecting the 
cell-site, the mobile 204 may provide an ordered list of 
cell-sites to the PFA and let the PFA make the selection 
based on netWork-Wide criteria, such as traf?c loading. 

[0069] In general, tWo different BSRs 102 can be selected 
as the serving BSRs 102 for the forWard and reverse links for 
a given mobile 204. Since the channel qualities of the 
forWard and reverse links typically ?uctuate independently 
of each other in time, such a selection alloWs the FCSS gain 
to attain its fullest extent. Nevertheless, a single active set 
can be maintained for both forWard and reverse links for 
operation simplicity. Since the mobile 204 can monitor the 
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channel quality for all of its forWard links from the BSRs 
102, it is natural for the mobile 204 to determine the best 
serving BSR 102 for its forWard link. Then the selection is 
forWarded to the PFA to ?naliZe the decision. As for the 
reverse links from the mobile 204, involved BSRs 102 
assess the channel quality and decide among themselves (via 
a central decision-making entity such as the PFA, for 
example) upon the best cell serving the reverse link for the 
mobile 204. 

[0070] On the other hand, to simplify the design and to 
reduce associated signaling overhead, a netWork designer 
may prefer to use the same base station to serve both links 
for the mobile 204. In this case, each mobile 204 has one 
single active set of BSRs 102 to serve both its forWard and 
reverse links. In one embodiment of the instant invention, 
the best combined channel quality for both forWard and 
reverse links is used as a criterion in determining the serving 
BSR 102 for a given mobile 204. Examples of such com 
bined quality include: 1) a Weighted sum of time-averaged 
pilot SINR for forWard and reverse links; and 2) the mini 
mum time-averaged pilot SINR for forWard and reverse 
links betWeen the mobile 204 and a BSR 102 in the active 
set. As a mobile 204 can readily assess the quality of all of 
its forWard links from various BSRs 102, With information 
about reverse-link quality received from the BSRs 102, a 
mobile 204 can then select its best cell based on the speci?ed 
criterion. Similar to the case of separate BSRs 102 for 
forWard and reverse links, the PFA can overWrite the best 
cell-site selection by the mobile 204 due to factors such as 
tra?ic loading. 

[0071] The FCSS request to sWitch cells may be triggered 
in several Ways. In the folloWing discussion a single serving 
BSR for both forWard and reverse links, based on either the 
Weighted sum or the minimum (betWeen the forWard and the 
reverse links) of the time-averaged pilot SINRs, is dis 
cussed. If distinct serving BSRs 102 are chosen for forWard 
and reverse directions, then the tWo BSRs 102 are chosen 
independently, and the same discussion applies to each 
direction. 

[0072] Periodically, at ?xed intervals, the mobile com 
pares the Weighted sum or the minimum of the time 
averaged pilot SINRs from all the BSRs 102 in the active set 
and chooses the BSR 102 With the largest Weighted sum or 
the largest minimum (betWeen the forWard and the reverse 
links) pilot SINR as the neW serving BSR 102. This time 
based approach can be combined With time-hysteresis and/or 
level-hysteresis techniques, discussed beloW. 
[0073] Time-hysteresis generally requires that a condition 
exists for a preselected period of time before a transition is 
alloWed to occur. For example, if the Weighted sum or the 
minimum of the time-averaged pilot SINRs on the forWard 
and reverse links connecting the mobile to a BSR 102 (other 
than the serving BSR) remains above that of the serving 
BSR 102 for a period exceeding a certain time threshold, 
then a request is made to sWitch the connection from the 
current serving BSR 102 to that particular BSR 102. 

[0074] Level-hysteresis generally requires that a condition 
exceeds a setpoint by a preselected magnitude before a 
transition is alloWed to occur. For example, the FCSS 
request is initiated if the Weighted sum or the minimum of 
the time-averaged pilot SINRs for some BSR 102 in the 
active set exceeds that for the current serving BSR 102 by 
a preselected margin. 
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[0075] A combination of time-hysteresis and level-hyster 
esis may be used to control a transition between serving 
BSRs 102. Here, the FCSS request is initiated if the 
Weighted sum or the minimum of the time-averaged pilot 
SINRs for some BSR 102 in the active set exceeds that for 
the current serving BSR 102 by a preselected threshold for 
an interval longer than a preselected time period. 

[0076] The choice of one of the above strategies as a 
trigger mechanism is dependent on multiple criteria. Timer 
based algorithms are based on regular synchronous triggers 
and are therefore easy to implement. If the timer period is 
too small, the system overhead may dominate, Whereas a 
large timer value can lead to performance degradations. 
Time and level hysteresis triggers are asynchronous triggers. 
Performance of level hysteresis algorithms may depend on 
the choice of threshold, Whereas time hysteresis based 
algorithms may lead to too many FCSS sWitching events 
Without signi?cant performance gain. If complexity of the 
control algorithm does not add signi?cant overhead, a com 
bination of time and level hysteresis may give the best 
performance in some applications. 

[0077] The folloWing describes one embodiment of the 
operational timeline for the FCSS procedure. 

[0078] Each mobile 204 alternates betWeen tWo operating 
states: Active and Suspending State. When a mobile 204 is 
in the Active State, it can decide, according to pre-speci?ed 
criteria such as signal strength, upon the best cell site (i.e., 
BSR) to receive data from (respectively the best cell site to 
transmit data to). If the best cell site is different from the 
current serving cell, the mobile 204 leaves the Active State 
and enters the Suspending State. During the Suspending 
State, the mobile 204 constantly monitors the channel qual 
ity to each BSR 102 in the netWork active set and collects 
channel statistics. The duration of this state, referred to as 
Suspension Time, is a tunable parameter but should be long 
enough to provide adequate averaging of channel quality to 
avoid excessive and inaccurate cell sWitching. In a Way, the 
tunable duration controls the speed and aggressiveness of 
the FCSS procedure. That is, a long Suspension Time 
provides stable estimation of the averaged channel quality 
but becomes less capable of tracking fast channel variations 
and utilizing cell-site diversity. A short Suspension Time, on 
the other hand, could lead to spurious cell sWitches. 

[0079] The choice of the appropriate Suspension Time 
depends on hardWare implementations, mobile speed, qual 
ity of channel estimation as Well as delay characteristics of 
the backhaul netWork. For loW mobility and instantaneous 
channel estimation and prediction, it is feasible to track 
channel variations and sWitch betWeen cells for capacity 
gain Without overburdening mobile hardWare. As the 
mobile’s speed increases, the gain of FCSS diminishes since 
FCSS can no longer track fast channel variations for diver 
sity gain. 

[0080] FIG. 4 shoWs an FCSS operation timeline Where 
each White rectangle represents the time duration during 
Which the mobile 204 is in Active State, and is in the process 
of making a decision to sWitch to a neW cell (to be referred 
to as an FCSS Decision). Each FCSS Decision triggers the 
mobile 204 to leave the Active State and enter the Suspend 
ing State, represented by a gray rectangle in FIG. 4. The 
operation of sWitching the mobile 204 from one cell site to 
another is referred to as FCSS Action. In an ideal situation, 

Sep. 6, 2007 

each FCSS Decision is immediately folloWed by the subse 
quent FCSS Action. HoWever, such a practice is restricted in 
practical systems due to non-negligible signaling delays and 
hardWare limitations. The time gap betWeen an FCSS Deci 
sion and its associated FCSS Action is referred to as the 
Action Delay. A short Action Delay is bene?cial to realize 
the gain of FCSS and to preserve the accuracy of the FCSS 
decision at the time of FCSS Action. 

[0081] After an FCSS Decision, the current serving BSR 
102 and the next serving BSR 102 should prepare for the 
FCSS Action. Aside from being ready for transmission, one 
signi?cant factor is data and state synchronization at the 
MAC level betWeen the tWo BSRs, so as to avoid unneces 
sary packet losses or duplicate packet transmissions. One 
approach to achieve this synchronization, assuming the 
Action Delay is relatively small compared to Suspension 
Time, is to suspend data transmission at both the MAC and 
RLC layers shortly after each FCSS Decision and resume 
data transmission at the time of FCSS Action. Negative 
impacts due to such suspension should be relatively small 
for cells serving multiple users since the BSRs 102 could 
utilize this time period to serve other users. This is especially 
true for systems employing channel-aWare scheduling algo 
rithms. Furthermore, the system should be designed such 
that the time duration of transmission suspension due to 
FCSS is not signi?cantly longer than Action Delay, Which is 
the minimum amount of time to complete the FCSS opera 
tions. This is particularly so for scenarios Where the same 
BSR 102 serves both the forWard and reverse links for a 
given mobile 204. In the case of a single BSR 102, both 
transmissions on both links are halted by the suspension. 

[0082] As part of the FCSS Action, the MAC protocols at 
both the serving BSR 102 and the mobile 204 are reset and 
a status report for each RLC entity associated With the 
mobile 204 is generated and forWarded to the next serving 
BSR 102 to prepare for FCSS Action. As the neW serving 
BSR 102 does not have any information regarding MAC 
protocol state at the current serving BSR 102, resetting the 
MAC protocol state Would avoid signaling overhead of 
transferring the entire MAC protocol information from the 
current serving BSR 102 to the neW serving BSR 102. A 
reset of the mobile MAC protocol, hoWever, does not require 
the reordering buffers to be ?ushed, but rather, the contents 
of the reordering bulfers is delivered to higher layers. 

[0083] In the conventional centralized architecture, the 
Packet Data Convergence Protocol (PDCP) and Radio Link 
Control (RLC) protocols (or their equivalent protocols) 
terminate at the RNC, and the Medium Access Control 
(MAC) protocol runs at the traditional base stations or base 
station controllers. To support FCSS in the centralized 
architecture, one embodiment of the invention is to transfer 
the MAC protocol state from the current serving BSR 102 to 
the next serving BSR 102. HoWever, such MAC state 
transfer Will incur much overhead for tWo reasons. First, the 
MAC state typically changes according to ?uctuations of 
channel quality. Rapid changes in the MAC state due to fast 
changes in channel quality can make synchronization at the 
MAC level among involved BSRs 102 dif?cult to achieve. 
Second, to capture all necessary information, the MAC 
protocol state usually involves more data than the RLC level 
does. Since cell sWitches can occur relatively fast, frequent 
transfer of MAC protocol state betWeen the BSRs 102 may 
generate a considerable amount of overhead and cause 
























