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(57) ABSTRACT 

A Wireless Communication Device (WCD) includes mul 
tiple ?ngers that track one or more tracked transponder 
beams. Each tracked beam is from a respective tracked 
transponder. The WCD determines a tracked-beam searcher 
energy for each of the tracked beams, and an untracked 
beam searcher energy for each of one or more untracked 
beams from each of the tracked transponders. The WCD 
attempts to determine a preferred one of the untracked 
beams that should become a tracked beam. This determina 
tion is made based on the tracked-beam and the untracked 
beam searcher energies. The WCD assigns, or alternatively, 
reassigns, a ?nger to the preferred untracked beam When the 
attempt to determine a preferred untracked beam is success 
ful. The transponders may be satellites or base stations. 
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Detennine an untracked energy, Le, a searcher energy (SE), 
for a tracked beam (TB) from each tracked satellite (sat) 

‘éfél' [Eta-F666;; """"""""""""""""""""""""" " 

~ a TB SE for the Active beam from the Active (or ?rst) sat., 
- a TB SE for the HB beam from the HB (or second) set, 

and 
- a TB SE for the HO beam from the H0 (or third) sat. 

i 
Determine searcher energies for untracked beams (UBs) from 
the tracked satellites 

E.g., determine: 
- UB SEs for Active sat. beams that are not the Active beam, 
- UB SEs for HB beams that are not the HB beam, and 
- UB SEs for H0 beams that are not the HO beam 

l 
p115 l 
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Search for a candidate untracked beam 
from an untracked satellite 

untracked beams, that should become a 
tracked beam 

J0 vv 
Assign/Reassign a tracking resource 
(e.g., ?nger) to the Preferred untracked V J0 
beam when the attempt to determine 
the Preferred untracked beam is 
successful 

if an untracked beam is found, then 
Determine whether the untracked beam 
should become a tracked beam 

Assign/Reassign a ?nger to the found 
untracked beam when it is determined 
that it should become a tracked beam 
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From Step 710 

______________ 

Determine a ?rst condition X indicating whether the largest 
UB SE for the ?rst/Active satellite exceeds a ?rst searcher 
energy threshold Th1 that is based on the Active beam SE. 
59.: 
X = Best UB SE for Active sat. > Th1 

l 
Determine a second condition Y indicating whether the largest 
UB SE for either the ?rst/HB or second/HO sat. exceeds a 
second searcher energy threshold Th2 that is also based on 
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820 

Y = Best UB SE for either HB sat. or HO sat. > Th1 

l 
Determine a third condition Z indicating whether the largest 
UB SE for either the second/HB or third/HO sat. exceeds a 
third searcher energy threshold Th3 that is based on the HB 
beam SE. E.g.: 
Y = Best UB SE for either HB sat. or HO sat. > Th3 

825 

Select as the Preferred beam 
the Best untracked beam from the 
?rst/Active and second/HB sats. 

845 
rx/ 

Select as the Preferred beam the Best 
untracked beam from the ?rst/Active sat. 
(e.g., beam having greatest UB SE) 

855 
N 

Select as the Preferred beam the Best 
untracked beam from the second/HB sat. 

865 
N 

Select as the Preferred beam the Best 
untracked beam from the third/HO sat. 

V 

To Step 720 FIG. 8 
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MANAGING SEARCHER AND TRACKER 
RESOURCES IN A WIRELESS COMMUNICATION 

DEVICE 

CLAIM OF PRIORITY UNDER 35 U.S.C. §120 

[0001] The present Application for Patent is a Continua 
tion and claims priority to US. patent application Ser. No. 
10/327,334 entitled “MANAGING SEARCHER AND 
TRACKER RESOURCES IN A WIRELESS COMMUNI 
CATION DEVICE” ?led Dec. 20, 2002, noW alloWed, and 
assigned to the assignee hereof and hereby expressly incor 
porated by reference herein. 

BACKGROUND 

[0002] 1. Field 

[0003] The present invention relates generally to Wireless 
communication devices (WCDs), and more particularly, to 
such a Wireless communication device (WCD) capable of 
interacting With multiple beams in a satellite or a terrestrial 
based communication system. 

[0004] 2. Background 

[0005] A knoWn satellite communication system uses sat 
ellite beams from multiple communication satellites to pro 
vide communication signal connectivity betWeen a large 
number of geographically distributed user satellite terminals 
and multiple satellite ground stations, referred to as gate 
Ways. At any given time, one or more satellite beams from 
one or more of the satellites illuminate each user terminal. 

A typical user terminal, also referred to herein as a Wireless 
communication device (WCD), includes a ?nite number of 
satellite beam tracker resources, referred to as receiver 
“?ngers.” The receiver ?ngers track communication signals 
Within the satellite beams illuminating the WCD. Typically, 
a ?nger tracks various characteristics of a communication 
signal, such as an energy level, a frequency offset, a spread 
ing code offset When the signal is a spread spectrum signal, 
and so on, to enable the WCD to demodulate and recover 
information from the communication signal. 

[0006] Relative motion betWeen the satellites and a WCD 
creates a dynamic environment, Wherein different satellite 
beams sWeep past, and thus illuminate, the WCD over time. 
To accommodate this dynamic environment, it is desirable 
for the WCD to be able to allocate and reallocate the ?nite 
number of ?ngers betWeen the different beams dynamically, 
Whereby the WCD can maintain connectivity With the com 
munication system over time. In other Words, it is desirable 
for the WCD to be able to assign and reassign various ones 
of the ?ngers to the different satellite beams over time, so 
that at any given time, the ?ngers track the one or more 
satellite beams illuminating the WCD. 

[0007] The ability of a ?nger to track a satellite beam 
successfully, that is, the ability of the ?nger to track the 
signals Within the satellite beam, depends on an energy of 
the beam as received at the WCD. For eXample, the greater 
the beam energy, the greater is the ability of the ?nger to 
track the beam successfully. Therefore, it is desirable that the 
WCD allocate ?ngers to satellite beams dynamically, and in 
such a manner as to maXimiZe the beam energies delivered 
to the ?ngers. 

SUMMARY 

[0008] A feature of the present invention is to manage 
satellite beam tracker resources, such as ?ngers, in a WCD 
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that interacts With a Wireless communications system, such 
as a satellite communication system. The present invention 
allocates and reallocates the ?ngers betWeen different sat 
ellite beams in the satellite communication system dynami 
cally, Whereby the WCD can maintain connectivity With the 
satellite communication system over time. In other Words, 
the present invention assigns and reassigns various ones of 
the ?ngers to the different satellite beams over time, so that 
at any given time, the ?ngers track the one or more “best” 
satellite beams illuminating the WCD. The best beams are 
the best/easiest beams to demodulate, and may have the 
most beam energy, as measured at the WCD. Thus, the 
present invention allocates ?ngers to satellite beams 
dynamically, and in such a manner as to attempt to maXimiZe 
the beam energies delivered to the ?ngers. This ensures 
successful beam tracking and demodulation as different 
satellite beams illuminate the WCD over time. 

[0009] The present invention uses a searcher that operates 
concurrently With the ?ngers. The searcher includes an 
energy estimator for estimating beam energy received by, 
that is, illuminating, the WCD. The searcher also searches 
for beam energy levels indicating the presence of untracked 
beams illuminating the WCD, that is, beams that are not 
being tracked by ?ngers. The searcher is quick in that it 
performs such searches in a manner that is generally opti 
miZed for speed. Therefore, the searcher estimates beam 
energy and searches for the presence of untracked beams 
relatively quickly. Thus, While the ?ngers track their respec 
tively assigned beams, the present invention uses the 
searcher to determine the best untracked (that is, unassigned) 
beams that should become tracked beams. The present 
invention uses the searcher and control logic to determine 
Which untracked beams should become tracked beams, and 
When such untracked beams should become tracked beams. 
The present invention assigns, or alternatively, reassigns 
?ngers to untracked beams that it has determined should 
become tracked beams. The present invention is referred to 
as a Finger-Searcher Manager (FSM). 

[0010] One embodiment is a method of managing beam 
tracking assets in a WCD. The WCD includes multiple 
?ngers that track one or more transponder beams, each 
originating from a respective one of one or more tracked 
transponders. The transponders may be satellites associated 
With a satellite communication system or base stations 
associated With a terrestrial based communication system. 
The method comprises determining a tracked-beam searcher 
energy for each of the tracked beams, and an untracked 
beam searcher energy for each of one or more untracked 
beams from each of the tracked transponders. The method 
also comprises attempting to determine a preferred one of 
the untracked beams that should become a tracked beam. 
This determination is made based on the tracked-beam and 
the untracked-beam searcher energies. The method also 
comprises assigning, or alternatively, reassigning, a ?nger to 
the preferred untracked beam When the attempt to determine 
the preferred untracked beam is successful. 

[0011] Another embodiment of the present invention is an 
apparatus for managing beam tracking assets in a WCD. The 
apparatus is based on the method embodiment described 
above. Other embodiments of the present invention Will 
become apparent from the ensuing description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The features, objects, and advantages of the present 
invention Will become more apparent from the detailed 
description set forth below When taken in conjunction With 
the draWings in Which like reference characters identify the 
same or similar elements throughout and Wherein: 

[0013] FIG. 1 is an example of a Wireless communication 
system. 

[0014] FIG. 2 is an illustration of an exemplary set of 
forWard link signals delivered to a WCD of FIG. 1. 

[0015] FIG. 3 is a block diagram of an example receiver 
in a WCD of FIG. 1 capable of processing CDMA signals. 

[0016] FIG. 4A is a block diagram of an example tracking 
resource or ?nger used in the receiver of FIG. 3. 

[0017] FIG. 4B is a block diagram of an example searcher 
in the receiver of FIG. 3. 

[0018] FIG. 5 is an illustration of tWo example, different 
siZed code-frequency search WindoWs used With the searcher 
of FIG. 4B. 

[0019] FIG. 6 is an illustration of an example communi 
cation system scenario, including ?rst, second and third 
respective tracked satellites, each in vieW of the receiver of 
FIG. 3. 

[0020] FIG. 7 is a ?oWchart of an example method of 
managing searcher and ?nger resources in the receiver of 
FIG. 3. 

[0021] FIG. 8 is a ?oWchart of an example method 
expanding on the method of FIG. 7. 

[0022] FIG. 9 is a ?oWchart of an example method further 
expanding on the method of FIG. 7. 

[0023] FIG. 10 is a summary ?oWchart corresponding to 
the methods of FIGS. 7, 8 and 9. 

[0024] FIG. 11 is a ?oWchart of an example method of 
managing searcher and ?nger resources in the receiver of 
FIG. 3, While the receiver is operating in a slotted paging 
mode. 

[0025] FIG. 12 is a block diagram of example controller 
modules used to control and manage a searcher and multiple 
?ngers of the receiver of FIG. 3. 

DETAILED DESCRIPTION 

[0026] A variety of multiple access communication sys 
tems and techniques have been developed for transferring 
information among a large number of system users. HoW 
ever, spread spectrum modulation techniques, such as those 
used in code division multiple access (CDMA) communi 
cation systems provide signi?cant advantages over other 
modulation schemes, especially When providing service for 
a large number of communication system users. Such tech 
niques are disclosed in the teachings of US. Pat. No. 
4,901,307, Which issued Feb. 13, 1990 under the title 
“Spread Spectrum Multiple Access Communication System 
Using Satellite or Terrestrial Repeaters” to Gilhousen et al., 
Which is incorporated herein by reference. 
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I. Example Communication Environment 

[0027] FIG. 1 is an example of a Wireless communication 
system. A communication system 100 utiliZes spread spec 
trum modulation techniques in communicating With WCDs 
126 and 128 (also referred to as mobile stations, user 
terminals and user equipment). Communication system 100 
can use spectrum modulation techniques as set forth in US. 
Pat. No. 4,901,307, mentioned above. In terrestrial systems, 
communication system 100 communicates With WCDs 126 
and 128 using base stations (shoWn as base stations 114 and 
116). Cellular telephone type systems in large metropolitan 
areas may have many base stations 114 and 116 serving 
thousands of WCDs 126 and 128. 

[0028] In satellite-based systems, communication system 
100 employs satellite repeaters (shoWn as satellites 118 and 
120) and system gateWays (shoWn as gateWays 122 and 124) 
to communicate With WCDs 126 and 128. GateWays 122 
and 124 send communication signals to WCDs 126 and 128 
through satellites 118 and 120. 

[0029] In this example, mobile stations or WCDs 126 and 
128 each have or comprise apparatus or a Wireless commu 
nication component/device such as, but not limited to, a 
cellular telephone, a data transceiver or a transfer device 
(e.g., computers, personal data assistants, facsimile) or a 
paging or position determination receiver. Typically, such 
units are either hand-held, portable as in vehicle mounted 
(including cars, trucks, boats, trains, and planes), or ?xed, as 
desired. For example, FIG. 1 illustrates mobile station 126 
as a hand-held device, and mobile station 128 as a vehicle 
mounted device. While these WCDs are discussed as being 
mobile, it is also understood that the teachings of the 
invention are applicable to ?xed units or other types of 
terminals Where remote Wireless service is desired. This 
latter type of service is particularly suited to using satellite 
repeaters to establish communication links in many remote 
areas of the World. WCDs are also sometimes referred to as 

subscriber units, mobile units, mobile stations, mobile radios 
or radiotelephones, Wireless units, or simply “users,”“mo 
biles,”“subscribers,” or “terminals” in some communication 
systems, depending on preference. 

[0030] It is contemplated for this example that satellites 
118 and 120 provide multiple beams Within “footprints” that 
are directed to cover separate generally non-overlapping 
geographic regions. Generally, multiple beams at different 
frequencies, also referred to as CDMA channels, “sub 
beams” or frequency division multiplexed (FDM) signals, 
frequency slots, or channels, can be directed to overlap the 
same region. HoWever, it is readily understood that the beam 
coverage or service areas for different satellites, or antenna 
patterns for terrestrial cell-sites, may overlap completely or 
partially in a given region depending on the communication 
system design and the type of service being offered. Space 
diversity may also be achieved betWeen any of these com 
munication regions or devices. For example, each may 
provide service to different sets of users With different 
features at different frequencies, or a given mobile unit may 
use multiple frequencies and/or multiple service providers, 
each With overlapping geophysical coverage. 

[0031] As illustrated in FIG. 1, communication system 
100 generally uses a system controller and sWitch netWork 
112, also referred to as a mobile telephone sWitching office 
(MTSO), in terrestrial systems and (Ground) Command and 
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Control centers (GOCC) for satellite systems, Which also 
communicate With the satellites. Such controllers typically 
include interface and processing circuitry for providing 
system-Wide control for base stations 114 and 116 or gate 
Ways 122 and 124 over certain operations including pseudo 
noise (PN) code generation, assignments, and timing. Con 
troller 112 also controls routing of communication links or 
telephone calls among a public sWitched telephone netWork 
(PSTN), and base stations 114 and 116 or gateWays 122 and 
124, and WCD 126 and 128. A PSTN interface generally 
forms part of each gateWay for direct connection to such 
communication netWorks or links. 

[0032] The communication links that couple controller 
112 to various system base stations 114 and 116 or gateWays 
122 and 124 can be established using knoWn techniques 
such as, but not limited to, dedicated telephone lines, optical 
?ber links, and microWave or dedicated satellite communi 
cations links. 

[0033] While only tWo satellites are illustrated in FIG. 1, 
the communication system generally employs multiple sat 
ellites 118 and 120 traversing different orbital planes. A 
variety of multi-satellite communication systems have been 
proposed including those using a constellation of LoW Earth 
Orbit (LEO) satellites for servicing a large number of 
WCDs. A Working arrangement of system 100 uses at least 
forty-eight (48) LEO satellites distributed across eight (8) 
different orbital planes. HoWever, those skilled in the art Will 
readily understand hoW the teachings of the present inven 
tion are applicable to a variety of both terrestrial and satellite 
system con?gurations. 

[0034] In FIG. 1, some of the possible signal paths for 
communication links betWeen base stations 114 and 116 and 
WCDs 126 and 128 are illustrated as lines 130, 132, 134, and 
136. The arroWheads on these lines illustrate exemplary 
signal directions for the link, as being either a forWard or a 
reverse link, and serve as illustration only for purposes of 
clarity, and not as any restriction on the actual signal pattern. 

[0035] In a similar manner, signal paths for communica 
tion links among gateWays 122 and 124, satellite repeaters 
118 and 120, and WCDs 126 and 128 are illustrated as lines 
146, 148, 150, and 152 for gateWay-to-satellite links and as 
lines 140, 142, and 144 for satellite-to-user links. In some 
con?gurations, it may also be possible and desirable to 
establish direct satellite-to-satellite links exempli?ed by line 
154. 

[0036] As Will be apparent to one skilled in the art, 
embodiments are suited for either terrestrial-based systems 
or satellite-based systems. The terms base station and gate 
Way are sometimes used interchangeably in the art, With 
gateWays being perceived as specialiZed base stations that 
direct communications through satellites. LikeWise, satel 
lites 118 and 120 Will be collectively referred to as satellite 
118, and WCDs 126 and 128 Will be collectively referred to 
as WCD 128. In the present embodiments, satellites 118 and 
120 and base stations 114 and 116 represent, and are 
generally referred to as, transponders for originating beams 
that illuminate WCDs. For example, beams originated from 
satellites 118 and 120 (that is, transponders 118 and 120) 
illuminate WCDs Within the footprints of the beams. Like 
Wise, beams originated from (that is, transmitted by) base 
stations 114 and 116 (that is, transponders 114 and 116) 
illuminate user terminals WCDs Within the footprint of the 
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beams. The footprint of a beam originated from a base 
station may be thought of as the cell or Zone of signal 
coverage, or one or more sectors, associated With that base 
station. 

II. Signal Links 

[0037] Each of the signal paths or links 130-152 depicted 
in FIG. 1 typically includes both a forWard link and a 
reverse link. Each of the forWard links delivers a set of 
forWard link signals transmitted by base stations and gate 
Ways 114, 116, 122 and 124 to WCDs 126 and 128. 
Conversely, each of the reverse links delivers a set of reverse 
link signals transmitted by WCDs 126 and 128 to base 
stations and gateWays 114, 116, 122 and 124. In the terres 
trial environment, each of the base stations 114, 116 trans 
mits a set of forWard link signals. In the satellite environ 
ment, each of the gateWays 122, 124 transmits multiple sets 
of forWard link signals. Each set of forWard link signals is 
associated With a different one of the multiple sub-beams 
mentioned above. Therefore, satellites 118, 120 each deliver 
multiple sub-beams (that is, sets of forWard link signals) to 
the surface of the earth. 

[0038] In the satellite environment, each of the gateWays 
122, 124 uses a forWard link divided into multiple (for 
example, 8 or 16) beams, Where each beam is further 
sub-divided into multiple (for example, 13) sub-beams, as 
FDM channels. Each sub-beam is associated With a set of 
forWard link signals. Therefore, each satellite 118, 120 
generates multiple sub-beams, and correspondingly, mul 
tiple sets of forWard link signals, to the surface of the earth. 

[0039] FIG. 2 is an illustration of an exemplary set of 
forWard link signals 200 delivered to WCD 128. In the 
terrestrial environment, forWard link signals 200 are trans 
mitted from a base station (for example, base station 114 or 
116). In the satellite environment, forWard link signals 200 
are transmitted up to a satellite (for example, satellite 118 or 
120) from a gateWay (for example, gateWay 122 or 124) and 
then doWn from the satellite to a WCD (for example, WCD 
126 or 128) over a particular sub-beam. ForWard link signals 
200 include one or more of the folloWing signals: a pilot 
signal 204; a synchroniZation (sync) signal 206 associated 
With the pilot signal; at least one paging signal 208 associ 
ated With the pilot signal, and one or more voice and/or data 
traffic signals 210. Pilot signal 204, sync signal 206, paging 
signal 208, and traf?c signals 210 are also referred to in the 
art as pilot channel signal 204, sync channel signal 206, 
paging channel signal 208, and traf?c channel signals 210, 
respectively. 

[0040] In the terrestrial environment, each base station 
transmits a respective pilot signal (for example, pilot signal 
204). The pilot signal is used by the WCDs (for example, 
WCD 128) to acquire initial system synchroniZation and to 
provide robust time, frequency, and phase tracking of the 
other forWard link signals transmitted by the base station. 
The pilot signal transmitted by each base station uses a 
common spreading code, such as a PN sequence, but a 
different code offset (also referred to as a phase offset), 
thereby enabling the WCD to distinguish betWeen the pilot 
signals transmitted from respective base stations. 

[0041] Similarly, in the satellite environment, each gate 
Way or satellite can be associated With a predetermined code, 
such as a PN sequence, Which may be the same or different 
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from the codes associated With the other satellites or gate 
Ways. For example, each beam associated With a given 
satellite includes a pilot signal that is spread using the 
predetermined code for the given satellite (subject to re-use 
among satellites not in vieW), but having a different code 
phase offset from the other beams from that satellite. There 
fore, a WCD can distinguish betWeen different satellites that 
use different codes, and betWeen the different beams asso 
ciated With a given satellite that use different code phase 
offsets or associated timing. For example, in a Working 
arrangement of system 100: 

[0042] a) different satellite orbital planes (for example, 8 
different orbital planes) are associated With different codes 
(for example, each orbital plane is associated With a respec 
tive one of 8 different PN codes), and typically, satellites 
from one or more orbital planes effectively illuminate a 
WCD at any given time; 

[0043] b) all of the satellites Within the same orbital plane 
share a common code; and 

[0044] c) all of the beams of a given satellite share a 
common code, but each beam is associated With a different 
code offset. 

[0045] Alternatively, each plane can be separated into a 
series of codes alternating betWeen successive satellites in 
orbit to provide better differentiation. For example 6 satel 
lites in one plane may use tWo or three codes to be 
distinguishable fm other satellites in vieW, subject to code 
reuse across the orbital planes. 

[0046] Sync signal 206 is a modulated spread spectrum 
signal, including system timing messages used by WCD 128 
to acquire an overall communication system time associated 
With communication system 100. Sync signal 206 is spread 
using a code, such as PN code, that is related to the code 
used to spread associated pilot signal 204. Once pilot signal 
206 has been acquired by WCD 128, the WCD acquires sync 
signal 206, thereby permitting the WCD to synchroniZe 
timing internal to the WCD With the overall system time. 

[0047] Paging signal 208 is a modulated spread spectrum 
signal used to deliver messages to WCDs. A paging signal 
208 is spread using a code, such as a PN code, that is related 
to the code used to spread associated pilot signal 204. Each 
of the traf?c signals 210 is a modulated spread spectrum 
signal used to transfer voice and/or data to/from the WCDs. 
The traf?c signals are spread using codes, such as PN codes, 
that are related to the code used to spread associated pilot 
signal 204. 

[0048] For descriptive convenience, the discussion above 
associates only one code With each of the sync, pilot and 
paging signals. HoWever it is to be understood that one or 
more codes (for example, a set of codes, including an “inner 
code,” an “outer code,” and/or a Walsh code) are typically 
used to spread and/or channeliZe each of these signals, and 
that the set of codes associated With each signal is also used 
to synchroniZe With, despread, and de-channeliZe that signal. 

[0049] In the Working arrangement of system 100, each 
spreading code, for example, each PN sequence, includes a 
sequence of “chips” extending over a predetermined code 
period, and having a chip rate (that is, frequency) much 
greater than a data rate of a baseband signal being spread 
using the chips. An exemplary chip rate for system 100 is 
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approximately 1.2288 MegaHertZ (MHZ), With a code 
sequence length of 1024 chips. 
III. WCD Receiver 

[0050] FIG. 3 is a block diagram of an example receiver 
300 of WCD 128 for processing CDMA signals used in 
system 100. Receiver 300 includes an antenna system 302 
for receiving forWard link radio frequency (RF) signals 
(such as pilot, sync, paging, and traf?c signals 204, 206, 208 
and 210), and for delivering the signals to an RF/interme 
diate frequency (IF) system 304, When used. RF/IF system 
304 ?lters, frequency-doWnconverts and digitiZes the RF 
signals, and delivers a resulting digitiZed signal 306 to a 
searcher unit 308 and a plurality of receiver ?ngers or ?nger 
elements 310a . . . 31011. 

[0051] Searcher 308 detects/acquires pilot signals 
included in digitiZed signal 306. That is, searcher 308 
identi?es (or at least begins to identify) substantially optimal 
code phase offsets of the received pilot signals, to initially 
synchroniZe receiver 300 to the pilot signals. Also, in the 
present invention, searcher 308 searches for candidate sig 
nals in digitiZed signal 306. The candidate signals represent 
candidate beams for ?ngers 310 to track. Further functions 
of searcher 308 Will be described beloW. 

[0052] Searcher 308 reports search results to a receiver 
controller 312 coupled to the searcher and ?nger elements 
310. Typically, controller 312 includes a processor and is 
coupled to a memory 314. Controller 312 is also coupled to 
a counter/timer 316 used to maintain time in receiver 300. 
The processor may be implemented in a softWare-controlled 
processor programmed to perform the functions described 
herein. Such implementations may include Well knoWn 
standard elements or generaliZed function or general pur 
pose hardWare including a variety of digital signal proces 
sors (DSPs), programmable electronic devices, or computers 
that operate under the control of softWare instructions per 
form the desired functions 

[0053] Based on the search/signal acquisition results 
reported by searcher 308, controller 312 con?gures each of 
?nger elements 310 to track and at least partially despread 
various ones of the forWard link signals (such as one or more 
paging signals) most likely being received by receiver 300 
at any given time. Controller 312 can con?gure a ?nger to 
track a signal by providing to the ?nger a code (referred to 
as a designated code) that the ?nger uses to despread the 
signal to be tracked (also referred to as the designated 
signal), and a code offset of the designated signal. The 
designated code is one that is assume to have been used at 
the gateWay to initially spread the designated signal. 
[0054] Finger elements 310 deliver respective despread 
signals 320a-320n (for example, despread paging signals) to 
a selector/multiplexer 322 controlled by controller 312. In 
accordance With a command 325 from controller 312, selec 
tor 322 routes a selected one of the despread signals 320 
(designated as signal 324 in FIG. 3) to a demodulator 326. 
Controller 312 con?gures demodulator 326 to demodulate 
the designated signal, for example, by providing the 
demodulator With a code associated With the signal, and 
timing information related to the code phase offset of the 
signal to be demodulated. In response, demodulator 326 
demodulates selected, despread signal 324, to produce a 
demodulated signal 328 (such as a demodulated paging 
signal). Demodulator 326 may provide demodulated signal 
328 to controller 312. 
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[0055] In an alternative arrangement of receiver 300, each 
of the ?ngers 310 includes demodulator functionality, 
Whereby each ?nger can both track and demodulate a 
respective signal. In this arrangement, separate demodulator 
326 is omitted, and selector 322 is modi?ed to selectively 
route one of the ?nger outputs 320 to controller 312. In 
another alternative arrangement of receiver 300, searcher 
308 includes both tracking and limited demodulating capa 
bility. 
A. Finger 

[0056] FIG. 4A is a block diagram of an eXample ?nger 
402 corresponding to one or more of ?ngers 310. Finger 402 
includes a correlator 403, a code offset or phase tracker 404 
coupled to correlator 403, and a frequency tracker 406 also 
coupled to correlator 403. Phase and frequency trackers 404 
and 406 derive correlator timing adjustment signals. Corr 
elator 403 correlates, and thus despreads, a received signal 
With one or more code sequences provided to ?nger 402. 
Also, correlator 403 despreads the received signal in 
response to the correlator timing adjustment signals derived 
by phase and frequency trackers 404 and 406. 

[0057] Phase tracker 404 includes a phase tracking loop to 
track a phase or code offset of the received signal. Frequency 
tracker 406 includes a frequency tracking loop to track a 
Doppler frequency offset from a designated center frequency 
of the received signal. The Doppler frequency offset in the 
received signal results from relative motion betWeen 
receiver 300 and a signal source such as a satellite originat 
ing the received signal. 

B. Searcher 

[0058] FIG. 4B is a block diagram of an eXample arrange 
ment of searcher 308. Searcher 308 includes a searcher 
controller 412 coupled to receiver controller 312 and a local 
searcher memory 414. Searcher 308 also includes an 
untracked energy estimator 416 and a comparer or compari 
son module 418 (also referred to as a comparator 418, or a 
comparison means), both coupled to searcher controller 412. 

[0059] Untracked energy estimator 416 includes a corr 
elator 420 folloWed by a signal squarer 422. Energy esti 
mator 416 uses correlator 420 and signal squarer 422 to 
accumulate/integrate energy in digitiZed signal 306 Within a 
predetermined code-frequency search WindoW, and over a 
programmable time duration, to determine an energy esti 
mate 430. For eXample, energy estimator 416 integrates 
energy in one or more received signals included in signal 
306, to produce energy estimate 430. 

[0060] To produce energy estimate 430, correlator 420 
correlates the one or more received signals With one or more 

code sequences provided to searcher 308, to produce a 
correlation result. Squarer 422 squares the correlation result 
to produce energy estimate 430, and provides the energy 
estimate to controller 412. Energy estimate 430 (also 
referred to as searcher energy 430) represents an “untracked 
energy” because it is determined Without using phase and/or 
frequency tracking loops, as Would have been the case if 
?nger 402 had made the energy estimate, for eXample. Since 
searcher 308 does not use phase and/or frequency tracking 
loops, it can determine a useable energy estimate 430 in a 
shorter period of time than can ?nger 402. 

[0061] Thus, an advantage of searcher 308 is that it 
searches received signal 312 to determine received signal 
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energy estimate 430 relatively quickly. To further reduce the 
time taken to determine estimate 430 in the present embodi 
ments, searcher 308 integrates beam energy over several 
signals Within a beam. For eXample, searcher 308 integrates 
energy for a pilot signal, a sync signal, and a paging signal, 
combined, over a programmed time period, for eXample, 
over a time period corresponding to a multiple of 64 chips. 
Thus, searcher 308 combines energy from different signals 
Within a beam in order to reduce the time required to build 
the useable beam energy estimate 430. In contrast, a ?nger 
builds energy based on only a single tracked signal Within a 
beam at any given time, such as a sync, paging, or traf?c 
signal. By integrating energy over several signals Within a 
beam, energy estimator 416 can generate a meaningful 
untracked energy estimate 430, that is, a beam energy 
estimate that can be used, in as little as 1 millisecond (ms), 
for eXample. 

[0062] Local controller 412 uses comparator 418 to com 
pare searcher energy(s) 430 to searcher energy thresholds, 
and to other beam energy estimates represented as other 
energy estimates 430, to produce comparison results. Based 
on such comparison results, local controller 412 can deter 
mine the presence or absence of a received beam, the 
existence of beam sWitch conditions, and “best” beams 
associated With maXimum beam energy estimates. In an 
alternative arrangement, searcher energy estimates 430 are 
provided directly to receiver controller 312, and controller 
312 compares the estimates to the energy thresholds and 
other beam energy estimates. 

IV. Search WindoW 

[0063] For a given code (for eXample, a PN code), 
searcher 308 accumulates energy over time at different code 
offsets Within a predetermined range of code offsets, and at 
different doppler frequency offsets Within a predetermined 
range of frequency offsets. For the given code, the prede 
termined code and frequency offset ranges to be searched 
together de?ne a code-frequency search WindoW. FIG. 5 is 
an illustration of tWo eXample, different siZed code-fre 
quency search WindoWs 502 and 504. Search WindoW 502 is 
de?ned by a code offset range 506 and a frequency offset 
range 508. Similarly, search WindoW 504 is de?ned by a 
code offset range 512 and a frequency offset range 514. At 
any given time, searcher 308 accumulates energy at a 
speci?c code-frequency position, for eXample, position 520, 
Within a search WindoW. The energy accumulated by 
searcher 308 at different code-frequency positions, and thus, 
integrated into energy estimate 430, varies depending on the 
level of correlation betWeen the code-frequency position 
being searched and the received signal code, code offset, and 
frequency offset. 

A. Example Scenario 

[0064] The methods of the embodiments are described 
With reference to an illustrative scenario, that is, With 
reference to an eXample communication system and receiver 
con?guration/scenario. FIG. 6 is an illustration of an 
eXample communication system and receiver scenario 600, 
including ?rst, second and third respective tracked satellites 
602, 604, and 606, each in vieW of receiver 300. Each 
satellite traverses an orbital plane different from the other 
satellites, and is, thus, associated With a unique identifying 
code. Satellites 602, 604, and 606 originate respective 
pluralities of beams 610a-610n, 612a-612n, and 614a-614n. 
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Untracked satellite 620, Which may or may not be in vieW 
of receiver 300, originates a plurality of beams 622a-622n. 

[0065] In the example receiver con?guration, receiver 300 
includes three ?ngers, namely, ?ngers 310a, 310b, and 310c. 
Controller 312 assigns each of receiver ?ngers 310a-310c to 
track a beam from a respective one of a plurality of satellites. 
This means that each ?nger tracks a signal, such as a pilot, 
paging, or traf?c signal Within the beam assigned to that 
?nger. For example, ?ngers 310a, 310b, and 310c track 
respective beams 610a, 612a, and 614a. It is assumed that 
beams 610a, 612a, and 614a have respective decreasing 
beam energies, as determined/measured at receiver 300. 
Thus, beams 610a, 612a, and 614a are designated respec 
tively as a preferred (or best) beam, a second best beam, and 
a third best beam. Since beam 610a has a maximum energy, 
controller 312 con?gures selector 322 and demodulator 326 
to demodulate the signal tracked by ?nger 610a, that is, the 
output of ?nger 310a. In other Words, controller 312 con 
?gures receiver 300 to demodulate beam 610a. 

[0066] Since receiver 300 currently tracks and actively 
demodulates beam 610a, this beam is designated as an 
Active beam, and satellite 602 as the Active satellite. If beam 
610a becomes unavailable, then controller 312 can recon 
?gure receiver 300 to demodulate the second best currently 
tracked beam, for example, beam 612a, Whereby beam 612a 
Will become the Active beam. Thus, beam 612a is desig 
nated as a Hot Backup (HB) beam, and satellite 604 as the 
HB satellite. If both beams 610a and 612a become unavail 
able, then controller 312 can recon?gure receiver 300 to 
demodulate the third best currently tracked beam, for 
example, beam 614a, Whereby beam 614a becomes the 
Active beam. Thus, beam 614a is designated as a Hot Other 
(HO) satellite. Essentially, HB beam 612a and HO beam 
614a are backup beams to the presently Active beam 610a. 
A result of this operation is to maximiZe satellite diversity in 
the system depicted in FIG. 6. 

[0067] Since ?ngers 310 track beams 610a, 612a, and 
614a, these beams are referred to herein as tracked beams, 
and their respective originating satellites 602, 604, and 606 
as tracked satellites (since each of these satellites originates 
at least one tracked beam). On the other hand, remaining 
beams 610b-610n, 612b-612n, and 614b-614n are 
untracked, and are, thus, referred to herein as untracked 
beams. 

[0068] Fourth satellite 620 is referred to herein as an 
untracked satellite because none of its beams 622a-622n are 
being tracked. If satellite 620 Was recently a tracked satel 
lite, then it is classi?ed as a “Warm” satellite because 
tracking information relating to the satellite (such as fre 
quency and code phase offsets), and stored in receiver 300 
is fairly recent (that is, Warm). Such “Warm” information 
may be useful in reacquiring signals from satellite 620. On 
the other hand, if satellite 620 Was not recently a tracked 
satellite, then it is classi?ed as a “cold” satellite because the 
related tracking information stored in receiver 300 is old, 
and perhaps useless. Also, satellite 620 may have never been 
“seen” by receiver 300. 

[0069] The illustrative scenario of FIG. 6 corresponds to 
a satellite based communications system. That is, transpon 
ders 602-620 are satellites and beams 610, 612, 614, and 622 
are satellite beams. HoWever, a second illustrative scenario 
corresponds to terrestrial based communications. In such a 
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scenario, transponders 602-620 are base stations and beams 
610, 612, 614 and 622 are beams originating from the base 
stations. 

V. Methods 

A. Managing Searcher and Tracker Resources 

[0070] FIG. 7 is a ?oWchart of an example method 700 of 
managing searcher and ?nger resources in receiver 300, such 
as searcher 308 and ?ngers 310. Method 700 assigns and 
reassigns various ones of ?ngers 310 in receiver 300 to 
different transponder beams (that is satellite or base station 
beams) over time, so that at any given time, the ?ngers track 
the one or more “best” beams illuminating WCD 128. 
Method 700 represents a steady state operation of WCD 128, 
and is described With reference to example scenario 600 
discussed above, for illustrative purposes. Although various 
methods are described beloW With reference to the example 
satellite based scenario of FIG. 6 (Which uses satellite 
transponders), it is to be understood that the methods also 
apply to terrestrial based scenarios (Which use base station 
transponders). Method 700 assumes that one or more of 
?ngers 310 are presently assigned to track respective tracked 
beams from tracked satellites, as depicted in scenario 600, 
for example. 

[0071] A ?rst step 705 includes determining a searcher 
energy (SE) (that is, an untracked energy), for a tracked 
beam (TB) from each of one or more tracked satellites. In 
FIG. 7, each energy is referred to as a tracked beam searcher 
energy (TB SE). For example, searcher 308 determines a 
searcher energy (for example, energy estimate 430) for 
Active beam 610a from Active satellite 602, a searcher 
energy for HB beam 612a from HB satellite 604, and a 
searcher energy for HO beam 614a from HO satellite 606. 

[0072] Although beams 610a, 612a and 614a are tracked 
beams, their corresponding searcher energies are determined 
by searcher 308 using an untracked technique, as described 
above in connection With FIG. 4B. For example, the 
searcher energies are determined Without the bene?t of 
timing information from phase and frequency tracking 
loops. 

[0073] A next step 710 includes determining searcher 
energies for one or more untracked beams (UBs) from each 
of the tracked satellites. For example, searcher 308 deter 
mines searcher energies for untracked beams 610b-610n 
from Active satellite 602, searcher energies for untracked 
beams 612b-612n from HB satellite 604, and searcher 
energies for untracked beams 614b-614n from HO satellite 
606. Steps 705 and 710 together generate a table listing all 
of the determined searcher energies. The table of searcher 
energies may be stored in local searcher memory 414, for 
example. 

[0074] In an example arrangement of method 700, to 
reduce the time taken to determine the searcher energies in 
steps 705 and 710, searcher 308 determines the searcher 
energy for each beam using energy from a pilot signal, a 
sync signal, and a paging signal, combined, for that beam. In 
an alternative arrangement, the searcher determines each 
beam energy using a lesser number of signals Within that 
beam. 

[0075] FolloWing step 710, method 700 performs a ?rst 
process including steps 715 and 720, and a second process 
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including steps 725, 730, and 735, concurrent With each 
other. In the ?rst process, initial step 715 includes attempting 
to determine a preferred untracked beam from among the 
one or more untracked beams, that should become a tracked 
beam. Step 715 attempts to determine the preferred 
untracked beam using the tabulated tracked beam and 
untracked beam searcher energies from steps 705 and 710. 
For example, step 715 attempts to determine a preferred one 
of untracked beams 610b-610n, 612b-612n, and 614b-614n, 
that quali?es for becoming a tracked beam. Step 715 bases 
this determination on the searcher energies collected in both 
steps 705 and 710. 

[0076] Next step 720 includes assigning/reassigning a 
tracking resource (for example, a ?nger) to the preferred 
untracked beam When the attempt to determine the preferred 
untracked beam in step 715 is successful, Whereby the 
preferred untracked beam becomes a tracked beam. If all of 
?ngers 310 are currently assigned to track respective tracked 
beams When the preferred beam is determined in step 715, 
then step 720 includes reassigning one of the ?ngers to track 
the preferred untracked beam instead of the currently 
assigned tracked beam. In other Words, the preferred 
untracked beam replaces one of the tracked beams. On the 
other hand, if one or more of ?ngers 310 are available (that 
is, unassigned) When receiver 300 determines the preferred 
beam, then one of the available ?ngers is assigned to track 
the preferred beam. If step 720 is unsuccessful, that is, no 
preferred untracked beam is identi?ed, then no untracked 
beam becomes a tracked beam. The method or process How 
returns after step 720. 

[0077] In a dynamic satellite environment, tracked satel 
lites tend to move out of vieW of WCD 128 over time, While 
untracked satellites, such as Warm and cold satellites, move 
into vieW of the WCD. Thus, to ensure WCD 128 remains 
connected With communication system 100 over time, it is 
important for the WCD to identify beam energy from the 
Warm and cold untracked satellites as they begin to illumi 
nate or communicate With the WCD. Thus, the second 
process identi?es the Warm and cold satellites as they come 
into vieW of WCD 128. 

[0078] The ?rst process described above (that is, steps 715 
and 720) does not require searcher 308 to continue deter 
mining search energies, because the searcher energies used 
in the ?rst process Were already determined in previous steps 
705 and 710. Therefore, searcher 308 is available to perform 
“other” searching in parallel With the ?rst process. Speci? 
cally, searcher 308 can search for beam energies, and, thus, 
beams, concurrent With the ?rst process. Accordingly, in the 
second process, a ?rst step 725 includes searching for a 
candidate untracked beam from an untracked satellite, such 
as a Warm satellite or a cold satellite. In step 725, searcher 
308 integrates energy in a code-frequency search WindoW 
corresponding to the candidate untracked beam from the 
untracked satellite, to produce candidate beam searcher 
energy estimates (for example, estimates 430). In the context 
of scenario 600, searcher 308 searches received signal 306 
for the presence of beam energy corresponding to one of 
untracked beams 622a-622n from untracked satellite 620. 
Searcher 308 uses comparator 418 to compare the candidate 
beam energy estimates to a “found beam energy threshold” 
indicative of the presence of an untracked beam from an 
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untracked satellite. If a candidate beam energy estimate 
exceeds the found beam energy threshold, then a “found 
beam” is declared. 

[0079] In step 725, searcher 308 uses a relatively large 
code-frequency search WindoW When searching for a can 
didate beam from a cold satellite. For example, the large 
search WindoW may have respective frequency offset and PN 
code offset ranges up to 23 kHZ and up to a 1023 chip 
hypothesis. On the other hand, searcher 308 uses a relatively 
small code-frequency search WindoW When searching for a 
candidate beam from a Warm satellite. The small code 
frequency search WindoW encompasses a last knoWn 
“Warm” code-frequency position of a beam from the Warm 
satellite. For example, the small search WindoW may have 
respective frequency offset and PN code offset ranges of less 
than 23 kHZ and a 64 chip hypothesis, centered around the 
last knoWn code-frequency position of the Warm satellite 
beam. 

[0080] If a candidate untracked beam is found in step 725, 
then step 730 includes determining Whether the candidate 
untracked beam should become a tracked beam. For 
example, step 730 includes determining Whether or not one 
of found beams 622a-622n should become a tracked beam. 
This determination is made based on at least one of (a) the 
found beam searcher energy estimate (for example, for one 
of beams 622a-622n), and (b) Whether step 715 selected a 
preferred beam in the ?rst process. 

[0081] Next step 735, similar to step 720, includes assign 
ing/reassigning a tracking resource (for example, a ?nger) to 
the found untracked beam When it is determined that it 
should become a tracked beam. Process ?oW returns after 
step 735. 

[0082] FIG. 8 is a ?oWchart of an example method 
expanding on step 715 (the step of attempting to determine 
a preferred beam), described above. Step 715 includes a ?rst 
high-level step 805 folloWed by a second high-level step 
810. High-level step 805 includes determining Whether or 
not a largest untracked beam searcher energy (UB SE) for 
each of the tracked satellites exceeds a respective searcher 
energy threshold. High-level step 805 includes further steps 
815, 820, and 825. Steps 815, 820, and 825 are described in 
the context of example scenario 600. 

[0083] Step 815 includes determining a ?rst Boolean 
condition X indicating Whether or not a largest untracked 
beam searcher energy for Active satellite 602 exceeds a ?rst 
searcher energy threshold Th1 that is based on the tracked 
beam searcher energy of Active satellite 602. In other Words, 
step 815 determines Whether a “best” one of untracked 
beams 610b-610n has a searcher energy greater than thresh 
old Th1, Which is based on the searcher energy of tracked 
beam 610a. The “best” untracked beam is the untracked 
beam having the greatest/maximum searcher energy among 
the untracked beams. An example threshold Th1 is the 
searcher energy of Active beam 610a, offset by a ?rst 
constant, such as —2 dB, for example. 

[0084] Step 820 includes determining a second Boolean 
condition Y indicating Whether or not a largest untracked 
beam searcher energy for either HB satellite 604 or HO 
satellite 606 exceeds a second searcher energy threshold Th2 
that is also based on the searcher energy of Active beam 
610a. In other Words, step 820 determines Whether or not a 












