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(57) ABSTRACT 

An access point is identified for providing service for an 
access terminal. In some aspects, the identification of an 
access point is based on loading at one or more access points. 
In some implementations, an access terminal selects a cell 
(e.g., the cell that provides maximum throughput) based on 
the cell load at one or more cells. In some implementations, 
load estimation is based on information acquired by an access 
terminal from nearby access points. 
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NITATING ACCESS TERMINAL 
COMMUNICATION BASED ON ACCESS 

PONT LOADING 

CLAIM OF PRIORITY 

0001. This application claims the benefit of and priority to 
commonly owned U.S. Provisional Patent Application No. 
61/612,844, filed Mar. 19, 2012, and assigned Attorney 
Docket No. 121730P1, the disclosure of which is hereby 
incorporated by reference herein. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0002 This application is related to concurrently filed and 
commonly owned U.S. patent application Ser. No. s 
entitled TRANSMITTING INDICATION OF ACCESS 
POINT LOADING,” and assigned Attorney Docket No. 
121730U1, the disclosure of which is hereby incorporated by 
reference herein. 

BACKGROUND 

0003 1. Field 
0004. This application relates generally to wireless com 
munication and more specifically, but not exclusively, to 
determining access point loading and taking action thereon. 
0005 2. Introduction 
0006 A wireless communication network may be 
deployed to provide various types of services (e.g., voice, 
data, Video, messaging, multimedia services, etc.) to users 
within the coverage area of the network. In a typical imple 
mentation, access points (e.g., corresponding to different 
cells) are distributed throughout a network to provide wire 
less connectivity for user access terminals (e.g., cellphones) 
that are operating within the coverage area served by the 
network. 
0007 Conventionally, an access terminal connects to the 
cell that provides the best signal at the access terminal. For 
example, an access terminal may measure signals from 
nearby cells and connect to the cell associated with the stron 
gest received signal. 
0008. In practice, such signal measurements may not 
result in the identification of the best cell for the access 
terminal. For example, other conditions at the cell may 
adversely affect the level of service provided by the cell. 
While an access terminal could rely on the cell to send infor 
mation indicative of these conditions to the access terminal, 
this would require that the access terminal be connected to the 
cell or would require cell modification to enable the cell to 
broadcast this information. 

SUMMARY 

0009. A summary of several sample aspects of the disclo 
sure follows. This summary is provided for the convenience 
of the reader to provide a basic understanding of such aspects 
and does not wholly define the breadth of the disclosure. This 
Summary is not an extensive overview of all contemplated 
aspects, and is intended to neither identify key or critical 
elements of all aspects nor delineate the scope of any or all 
aspects. Its sole purpose is to present some concepts of one or 
more aspects in a simplified form as a prelude to the more 
detailed description that is presented later. For convenience, 
the term some aspects may be used herein to refer to a single 
aspect or multiple aspects of the disclosure. 
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0010. The disclosure relates in some aspects to techniques 
that facilitate identification of an access point (e.g., identifi 
cation of a cell of the access point) for providing service for an 
access terminal (e.g., a UE). For example, these techniques 
may be used to identify the cell that would provide the best 
service (e.g., highest throughput) for the access terminal. 
0011. In some aspects, the identification of an access point 

is based on loading at one or more access points. For example, 
loading at several cells may be determined and the cell with 
the lowest load may be selected to provide service for the 
access terminal. Alternatively, loading at a given cell may be 
checked to see whether the loading is sufficiently low. If so, 
that cell may be selected to provide service for the access 
terminal. 
0012. The teachings herein may be used to provide service 
for access terminals in various operational states. For 
example, the disclosed techniques may be used to select a cell 
for an access terminal in idle mode (i.e., no connection with 
any cell). As another example, the disclosed techniques may 
be used to select a new cell for an access terminal that is 
connected to another cell. 
0013. In some implementations, an access terminal or 
Some other entity selects a cell (e.g., the cell that provides 
maximum throughput) based on the cell load at one or more 
cells. These techniques may be employed, for example, when 
the access terminal is in the presence of multiple cells in 
different systems (e.g., UMTS, LTE, WiFi, etc.). The cell load 
may be characterized by various load factors including, for 
example, a served user number, channelization code usage, 
time-frequency resource usage, random access channel 
(RACH) traffic load, etc. 
0014. In some implementations, load estimation is based 
on information acquired by an access terminal from nearby 
access points. Upon receiving this information, the access 
terminal may determine whether to initiate communication 
with (e.g., connect to) one of these access points. Advanta 
geously, the acquired information consists of information 
transmitted by the access points under normal operations. 
That is, the access points do not need to be modified to 
broadcast load information. Hence, the disclosed techniques 
are applicable to legacy access points that do not support Such 
functionality. 
0015. In some implementations, an access terminal 
receives loading information from another entity. For 
example, a first access point (e.g., comprising a network listen 
module) may acquire the information transmitted by nearby 
access points and then broadcast an indication of the loading 
at these access points (e.g., loading at cells of the access 
points). An access terminal in the vicinity of the first access 
point may thereby acquire this loading information and deter 
mine whether to initiate communication with (e.g., connect 
to) one of these access points based on the loading informa 
tion. 
0016. In some implementations, an access point may use 
acquired neighboring cell load information to determine 
whether to redirect users to lightly loaded neighboring cells. 
For example, a femtocell including a network listen module 
may redirect access terminals to a neighboring cell on a 
co-channel and/or on an adjacent channel. 
0017 Loading at an access point (cell) may be determined 
(e.g., estimated) in various ways inaccordance with the teach 
ings herein. For example, cell load may be estimated based on 
one or more of UMTS DL channelization code usage esti 
mation by detecting used codes; HSDPA served user number 
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estimation by detecting used F-DPCH slots; HSUPA served 
user number estimation by detecting used E-HICH/E-RGCH 
signatures; UMTS RACH load estimation by detecting used 
AICH slots; LTE DL time-frequency resource usage estima 
tion by detecting used PDSCH resource: LTE PUSCH served 
user number estimation by detecting used PHICH codes: 
WiFi served user number estimation by decoding MAC 
addresses in intercepted packets; or Cell load information 
acquisition via mobile-to-mobile communications. 
0018. In view of the above, in some aspects, wireless com 
munication in accordance with the teachings herein involves: 
receiving, at a first access point, signals from at least one other 
access point; determining, based on the received signals, 
loading at each of the at least one other access point; and 
transmitting an indication of the loading. 
0019. In addition, in some aspects, wireless communica 
tion in accordance with the teachings herein involves: receiv 
ing, at an access terminal, signals from an access point, 
wherein the access terminal is not connected to the access 
point; determining, based on the received signals, loading at 
the access point; and determining whether to initiate commu 
nication with the access point based on the loading. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. These and other sample aspects of the disclosure 
will be described in the detailed description and the claims 
that follow, and in the accompanying drawings, wherein: 
0021 FIG. 1 is a simplified block diagram of several 
sample aspects of a communication System; 
0022 FIG. 2 is a flowchart of several sample aspects of 
operations that may be performed in conjunction with select 
ing a cell; 
0023 FIG. 3 is a flowchart of several sample aspects of 
operations that may be performed in conjunction with invok 
ing an operation based on cell load; 
0024 FIG. 4 illustrates a structure of a fractional dedicated 
physical channel (F-DPCH): 
0025 FIG. 5 illustrates a structure of an E-DCH Relative 
Grant Channel (E-RGCH) and an E-DCH Hybrid ARQ Indi 
cator Channel (E-HICH): 
0026 FIG. 6 illustrates a structure of an Acquisition Indi 
cator Channel (AICH): 
0027 FIG. 7 illustrates example locations for a Physical 
Downlink Shared Channel (PDSCH): 
0028 FIG. 8 illustrates a structure of Physical Hybrid 
ARQ Indication Channel (PHICH): 
0029 FIG. 9 is a flowchart of several sample aspects of 
operations that may be performed in conjunction with trans 
mitting an indication of access point load; 
0030 FIG. 10 is a flowchart of several sample aspects of 
operations that may be performed in conjunction with deter 
mining whether to initiate communication with an access 
point; 
0031 FIG. 11 is a simplified block diagram of several 
sample aspects of components that may be employed in com 
munication nodes; 
0032 FIG. 12 is a simplified diagram of a wireless com 
munication system; 
0033 FIG. 13 is a simplified diagram of a wireless com 
munication system including Small cells 
0034 FIG. 14 is a simplified diagram illustrating coverage 
areas for wireless communication; 
0035 FIG. 15 is a simplified block diagram of several 
sample aspects of communication components; and 
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0036 FIGS. 16 and 17 are simplified block diagrams of 
several sample aspects of apparatuses configured to provide 
load-related as taught herein. 
0037. In accordance with common practice, the various 
features illustrated in the drawings may not be drawn to scale. 
Accordingly, the dimensions of the various features may be 
arbitrarily expanded or reduced for clarity. In addition, some 
of the drawings may be simplified for clarity. Thus, the draw 
ings may not depict all of the components of a given apparatus 
(e.g., device) or method. Finally, like reference numerals may 
be used to denote like features throughout the specification 
and figures. 

DETAILED DESCRIPTION 

0038 Various aspects of the disclosure are described 
below. It should be apparent that the teachings herein may be 
embodied in a wide variety of forms and that any specific 
structure, function, or both being disclosed herein is merely 
representative. Based on the teachings herein one skilled in 
the art should appreciate that an aspect disclosed herein may 
be implemented independently of any other aspects and that 
two or more of these aspects may be combined in various 
ways. For example, an apparatus may be implemented or a 
method may be practiced using any number of the aspects set 
forth herein. In addition, Such an apparatus may be imple 
mented or such a method may be practiced using other struc 
ture, functionality, or structure and functionality in addition 
to or other than one or more of the aspects set forth herein. 
Furthermore, an aspect may comprise at least one element of 
a claim. 
0039 FIG. 1 illustrates several nodes of a sample commu 
nication system 100 (e.g., a portion of a communication net 
work). For illustration purposes, various aspects of the dis 
closure will be described in the context of one or more access 
terminals, access points, and network entities that communi 
cate with one another. It should be appreciated, however, that 
the teachings herein may be applicable to other types of 
apparatuses or other similar apparatuses that are referenced 
using other terminology. For example, in various implemen 
tations access points may be referred to or implemented as 
base stations, NodeBs, eNodeBs, small cells, femtocells, and 
so on, while access terminals may be referred to or imple 
mented as user equipment (UES), mobile stations, and so on. 
0040. Access points in the system 100 provide access to 
one or more services (e.g., network connectivity) for one or 
more wireless terminals (e.g., an access terminal 102) that 
may be installed within or that may roam throughout a cov 
erage area of the system 100. For example, at various points in 
time the access terminal 102 may connect to an access point 
104, an access point 106, an access point 108, or some access 
point in the system 100 (not shown). 
0041. Each of these access points may communicate with 
one or more network entities (represented, for convenience, 
by a network entity 110) to facilitate wide area network 
connectivity. Two or more of these network entities may be 
co-located and/or two or more of these network entities may 
be distributed throughout a network. 
0042. The network entity 110 may take various forms such 
as, for example, one or more radio and/or core network enti 
ties. Thus, in various implementations the network entity 110 
may represent functionality Such as at least one of network 
management (e.g., via an operation, administration, manage 
ment, and provisioning entity), call control, session manage 
ment, mobility management, gateway functions, interwork 
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ing functions, or some other Suitable networkfunctionality. In 
Some aspects, mobility management relates to: keeping track 
of the current location of access terminals through the use of 
tracking areas, location areas, routing areas, or some other 
Suitable technique; controlling paging for access terminals; 
and providing access control for access terminals. 
0043. In some implementations, the access terminal 102 
monitors for certain signals transmitted by neighboring 
access points (e.g., the access points 104 and 108) to deter 
mine (e.g., estimate) loading at the neighboring access points 
(e.g., at the cells of the access points). Based on these signals, 
the access terminal 102 (e.g., a load estimation component 
112) determines whether to initiate communication (e.g., 
connect to) one of these access points. 
0044 FIG. 2 illustrates an example of operations that may 
be employed in conjunction with Such an access terminal 
based load estimation scheme. For convenience, the opera 
tions of FIG. 2 (or any other operations discussed or taught 
herein) may be described as being performed by specific 
components (e.g., components of FIG. 1). It should be appre 
ciated, however, that these operations may be performed by 
other types of components and may be performed using a 
different number of components. It also should be appreci 
ated that one or more of the operations described herein may 
not be employed in a given implementation. 
0045. As represented by block 202, an access terminal 
determines cell information relating to any nearby cells to be 
monitored. As discussed below, the access terminal may use 
this cell information to determine how to acquire certain 
information transmitted by each cell that is indicative of load 
at the cell. As discussed above, the load-related information 
transmitted by a cell may be indicative of traffic load, the 
number of users served by the cell, and so on. 
0046. In some implementations, the access terminal moni 
tors for signals from a specified set of cells (e.g., a neighbor 
list). In this case, for each cell of the set, the access terminal 
may monitor for information broadcast by these cells that 
specifies how the cell transmits the information that is indica 
tive of load at the cell. For example, the broadcast information 
may specify the channels, the frames, and locations within 
those channels or frames at which the cell transmits the load 
related information (i.e., information indicative of load at the 
cell). 
0047. In some implementations, the access terminal 
receives information as a result of establishing a connection 
with a cell. For example, during a connection setup procedure 
with a given cell, the access terminal may receive information 
that specifies how the cell transmits the load-related informa 
tion. 

0048. In some implementations, the access terminal moni 
tors for signals from all possible cells. In this case, the access 
terminal may, for example, periodically invoke a monitoring 
procedure whereby a different cell (or set of cells) is selected 
for monitoring at each invocation. The access terminal may 
then monitor for information broadcast by these cells that 
specifies how the cell transmits the load-related information. 
0049. As represented by block 204, at some point in time 
subsequent to the operations of block 202, the access terminal 
monitors for signals from one or more nearby cells. For 
example, an access terminal in idle mode may monitor for 
signals from nearby cells or an access terminal connected to 
a serving cell may monitor for signals from nearby cells other 
than the serving cell. 
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0050. As discussed above, this monitoring may involve 
acquiring information transmitted by a cell on certain chan 
nels, in certain frames, or at certain locations. Accordingly, at 
this point, the access point has acquired the load-related infor 
mation transmitted by each cell of interest. 
0051. In some implementations, the acquisition of this 
load-related information involves detecting the presence of a 
channelization code used by a cell. For example, detection of 
code presence may be based on whether a normalized corre 
lation value (defined below) is above a threshold or not. 
Normalized correlation is given below in Equation 1, where 
vectora is the tested code sequence, b is received sequence, H 
is Hermitian operation, and is norm operation: 

lab, 

0.052 The above value has a range between 0 and 1. Tested 
code presence can be announced if above valueda threshold 
(e.g., 0.25). If a received sequence has the same code 
sequence repeated for multiple times, then the above value is 
computed for each code sequence and is further averaged over 
all repeated code sequences. 
0053. In some implementations, the acquisition of load 
related information involves correlating received signals with 
tone information. For example, in an LTE-based system, to 
test ifa signal presents on atone within an OFDM symbol, the 
received signal samples in time can be correlated with the 
tone sinusoid sequence to compute the above correlation 
value. 
0054 As represented by block 206 of FIG. 2, the access 
terminal determines (e.g., estimates) cell load information 
based on the signals received from each nearby cell at block 
204. For example, for each cell, the access terminal may 
estimate traffic load or user load at the cell based on the 
acquired load-related information. 
0055 As represented by block 208, the access terminal 
selects a cell based on the cell load information determined at 
block 206. For example, in a situation where the access ter 
minal has acquired information from multiple cells, the 
access terminal may identify the cell with the lowest load, and 
select that cell. As another example, in a situation where the 
access terminal has acquired information from a single cell, 
the access terminal may determine whether that cell has suf 
ficiently low loading. If so, the access terminal may simply 
select that cell. 
0056 Referring again to FIG. 1, in some implementations, 
the access point 106 (e.g., a low-power access point) may 
monitor signals transmitted by neighboring access points 
(e.g., the access points 104 and 106) and take action based on 
these signals. For example, the access point 106 (e.g., a load 
estimation component 114) may process received signals to 
determine (e.g., estimate) loading at the neighboring access 
points (e.g., at the cells of the access points). The access point 
106 may then transmit (e.g., broadcast) an indication of this 
loading and/or redirect access terminals to one of these access 
points depending on the loading at each access point. 
0057. In some networks, low-power access points are 
deployed to Supplement conventional network access points 
(e.g., macro access points). In general, these low-power 
access points provide more robust coverage and higher 
throughput for access terminals in the vicinity of the low 



US 2013/0242966 A1 

power access points. For example, a low-power access point 
installed in a user's home or in an enterprise environment 
(e.g., commercial buildings) may provide Voice and high 
speed data service for access terminals Supporting cellular 
radio communication (e.g., CDMA, WCDMA, UMTS, LTE, 
etc.). Typically, low-power access points connect to the Inter 
net via a broadband connection (e.g., a digital Subscriber line 
(DSL) router, a cable modem, or some other type of modem) 
that provides a backhaul link to a mobile operator's network. 
0058 As used herein, the term low-power access point 
refers to an access point having a transmit power (e.g., one or 
more of maximum transmit power, instantaneous transmit 
power, nominal transmit power, average transmit power, or 
Some otherform of transmit power) that is less than a transmit 
power (e.g., as defined above) of any macro access point in a 
coverage area, or less than the nominal maximum transmit 
power (e.g. 46 dBm) that might be used for a macro access 
point that would cover a similar area as a set of multiple 
low-power access points. In some embodiments, each low 
power access point has a transmit power (e.g., as defined 
above) that is less than a transmit power (e.g., as defined 
above) of the macro access point by a relative margin (e.g., 10 
dB or more). In some embodiments, low-power access points 
Such as femtocells may have a maximum transmit power of 20 
dBm or less. In some embodiments, low-power access points 
Such as picocells may have a maximum transmit power of 24 
dBm or less. It should be appreciated, however, that these or 
other types of low-power access points may have a higher or 
lower maximum transmit power in other embodiments (e.g., 
up to 1 Watt in Some cases, up to 10 Watts in some cases, and 
so on). 
0059. In different deployments, low-power access points 
may be implemented as or referred to as femtocells, femto 
access points, femto nodes, home NodeBs (HNBs), home 
eNodeBS (HeNBs), access point base stations, picocells, pico 
nodes, or microcells. For convenience, a low-power access 
point may be referred to simply as a “small cell' or a femto 
cell in the discussion that follows. Thus, it should be appre 
ciated that any discussion related to Small cells or femtocells 
herein may be equally applicable to low-power access points 
in general (e.g., to HNBs, HeNBs, picocells, microcells, etc.). 
0060 FIG.3 illustrates an example of operations that may 
be employed in conjunction with an access point-based load 
estimation scheme. In a typical implementation, the signal 
acquisition is performed by a network listen module (or other 
similar component) of a small cell. It should be appreciated, 
however, that the operations of FIG.3 may be implemented 
by different types of entities in different implementations. 
0061. As represented by block 302, an access point deter 
mines cell information relating to any nearby cells to be 
monitored. In some aspects, this operation is similar to the 
operation of block 202 discussed above in that similar infor 
mation may be acquired. In this case, however, an access 
point may employ a network listen module to listen for down 
link signals transmitted by nearby cells. 
0062. As represented by block 304, at some point in time 
Subsequent to the operations of block 202, the access point 
monitors for signals from nearby cells. This operation is 
similar to the operation of block 204 discussed above in that 
similar information may be acquired, albeit by a network 
listen module. 

0063 As represented by block 306, the access point deter 
mines the loading at each cell. This operation is similar to the 
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operation of block 204 discussed above in that similar tech 
niques may be used to determine cell load. 
0064. As represented by block 308, the access point 
invokes an appropriate action based on the cell load deter 
mined at block 306. 

0065. In some implementations, the access point transmits 
(e.g., broadcasts on a broadcast channel) an indication of the 
determined cell load. For example, this indication may indi 
cate the load at each cell. Alternatively, this indication may 
simply identify the best cell (e.g., by indicating the loading at 
the lowest loaded cell). 
0066. In some implementations, the access point redirects 
any nearby access terminal to the best cell identified by the 
access point. For example, a small cell may redirect Small cell 
users to lightly loaded neighboring cells on a co-channel 
and/or on an adjacent channel. 
0067. With the above overview in mind, several examples 
oftechniques that may be employed to estimate cell load will 
now be described in more detail. For purposes of explanation, 
these examples are described in the context of a UE in idle 
mode that acquires information from a nearby UMTS or LTE 
cell and estimates the load on that cell. It should be under 
stood, however, that these operations or similar operations 
may be performed by an access terminal in Some other opera 
tional mode or by some other entity (e.g., an access point with 
a network listen module), and that similar operations may be 
performed using other radio access technologies. 

UMTS DL Channelization Code Usage Estimation by 
Detecting Used Codes 

0068. An idle UE may estimate a UMTS cells DL chan 
nelization code usage by detecting the number ofused chan 
nelization codes. The UE may elect to not access this cell if 
the code usage exceeds a threshold. The threshold may be a 
predetermined threshold. The estimation may employ the two 
part procedure that follows. 
0069. In the first part of the procedure, the idle UE deter 
mines whether a channelization code is used. An example of 
a three step process for making this determination follows. 
First, the UE receives a sequence of symbols in the downlink 
(DL) from the cell (256 chips per symbol). Second, the UE 
despreads the symbol sequence with the considered channel 
ization code. Third, the UE determines that the code is used if 
a normalized correlation value associated with the 
despreaded symbols exceeds a threshold. 
0070. In the first part of the procedure, the UE estimates 
the cells DL code usage based on Equation 2: 

1 
Code usage = X. N(SFx)- 

X 

(0071. Here, N(SFX) is the number of used codes with 
spreading factor X, which may be 4, 8, 16, etc. For example, if 
the UE detects one (1) SF4 code used and eight (8) SF 16 
codes used, the code usage will be 1* 4+8*/16=0.75. The 
code usage may represent a fraction of total code usage. In 
this example, three quarters (75%) of the total code space is 
used. 
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HSDPA Served User Number Estimation by Detecting Used 
F-DPCH Slots 

0072 An idle UE may estimate an HSDPA cell's served 
user number by detecting the number of used F-DPCH slots. 
FIG. 4 illustrates a structure of a fractional dedicated physical 
channel (F-DPCH). The UE may elect to not access this cell 
if the HSDPA user number exceeds a threshold. The estima 
tion may employ the three part procedure that follows. 
0073. In the first part of the procedure, the UE initially 
learns the F-DPCH channelization codes used by this cell 
based on receiving a broadcast message with a system infor 
mation block 5 (SIBS) reading (Common E-DCH system 
information->F-DPCH Code number) or the UE's previous 
HSDPA connection experience with this cell. In the latter 
case, upon HSDPA connection setup, the cell will inform the 
UE which channelization code to monitor for F-DPCH, and 
the UE may maintain a record of the channelization code. 
0074. In the second part of the procedure, the UE 
despreads each F-DPCH with the corresponding channeliza 
tion code, and further estimates the number of used slots per 
F-DPCH frame. As shown in FIG.4, each F-DPCH frame has 
15 slots, which can be used to periodically transmit power 
control bits for up to 15 HSDPA users. One F-DPCH slot is 
deemed to be used if a normalized correlation value associ 
ated with the despreaded symbols within that slot exceeds a 
threshold. 
0075. In the third part of the procedure, the UE estimates 
the HSDPA user number by summing the used slot number 
per frame across all F-DPCHs. 

HSUPA Served User Number Estimation by Detecting Used 
E-HICH/E-RGCH Signatures 

0076 An idle UE can estimate a HSUPA cells served user 
number by detecting the number of used E-HICH/E-RGCH 
signatures. FIG.5 illustrates a structure of an E-DCH Relative 
Grant Channel (E-RGCH) and an E-DCH Hybrid ARQ Indi 
cator Channel (E-HICH). The UE may elect to not access this 
cell if HSUPA user number exceeds a threshold. The estima 
tion may employ the four part procedure that follows. 
0077. In the first part of the procedure, the UE initially 
learns the E-HICH/E-RGCH channelization codes used by 
this cell based on SIBS reading (Common E-DCH system 
information->E-HICH/E-RGCH information) or its previous 
HSUPA connection experience with this cell. In the latter 
case, upon HSUPA connection setup, the cell will inform UE 
which channelization code to monitor for E-HICH/E-RGCH, 
and UE can maintain a record of this code. 
0078. In the second part of the procedure, the UE 
despreads each E-HICH/E-RGCH with the corresponding 
channelization code, and furtherestimates the number ofused 
signatures per subframe. As shown in FIG. 5, each subframe 
may carry at most 40 signatures. Each signature may periodi 
cally transmit either E-HICH or E-RGCH information for one 
HSUPA user. The UE determines that one signature is used if 
a normalized correlation value associated with the signature 
exceeds a threshold. 
0079. In the third part of the procedure, the UE classifies 
each used signature based on its carried information obtained 
via correlation detection over multiple subframes. If the infor 
mation has both +1 and -1, the signature is used as E-RGCH 
or E-HICH for a serving HSUPA user. If the information has 
+1 and 0, the signature is used as E-HICH for a non-serving 
HSUPA user in Soft handover. 
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0080. In the fourth part of the procedure, the UE estimates 
the total HSUPA user number as indicated in Equation 3: 

# of Siganatures for serving users 
HSUPA user # = — — -- 

# of signatures for non-serving users 

I0081. Here, the division by 2 is because each serving 
HSUPA user is allocated with 2 signatures for its E-HICH and 
E-RGCH, while each non-serving HSUPA user in soft han 
dover is only allocated with 1 signature for E-HICH. 

UMTS RACH Load Estimation by Detecting Used AICH 
Slots 

I0082) An idle UE may estimate a UMTS cell's RACHload 
by detecting the number ofused Acquisition Indicator Chan 
nel (AICH) slots. FIG. 6 illustrates a structure of an AICH. 
The UE may elect to not access this cell if the RACH load 
exceeds a threshold. The estimation may employ the three 
part procedure that follows. 
I0083. In the first part of the procedure, the idle UE learns 
the AICH channelization code used by this cell based on an 
SIBS reading (PRACH system information list->AICH infor 
mation). 
I0084. In the second part of the procedure, the UE 
despreads AICH with the corresponding channelization code, 
and further estimates the number of used slots per AICH 
frame. As shown in FIG. 6, each AICH frame has 15 slots. 
Each slot may be used to transmit a RACH response for a 
received RACH signature. Therefore, the percentage of used 
AICH slots may reflect the RACH load. One AICH slot is 
deemed used if a normalized correlation value associated 
with the AICH slot exceeds a threshold. 

I0085. In the third part of the procedure, the UE estimates 
RACH load by looking at the percentage of used AICH slots 
over a certain number of AICH slots. 

LTE DL Time-Frequency Resource Usage Estimation by 
Detecting Used PDSCH Resource 

I0086. An idle UE may estimate an LTE cell's DL time 
frequency resource usage by detecting the used PDSCH 
resource. FIG. 7 illustrates example locations for a Physical 
Downlink Shared Channel (PDSCH). The UE may elect to 
not access this cell if the DL resource usage exceeds a thresh 
old. The estimation may employ the three part procedure that 
follows. 

I0087. In the first part of the procedure, the idle UE learns 
the cell's possible PDSCH resource element locations (see 
hatch pattern portion in FIG. 7) by reading the broadcast 
information or its previous connection experience with this 
cell. Upon connection setup, the cell will inform UE which 
resource elements to monitor for PDSCH. 

I0088. In the second part of the procedure, the UE checks if 
a PDSCH resource element is used. A two step process for 
performing this check follows. First, the UE receives a 
sequence of OFDM symbols in the DL from the cell and 
performs DFT. Second, a PDSCH resource element is 
deemed to be used if a normalized correlation value associ 
ated with the corresponding subcarrier and OFDM symbol 
exceeds a threshold. 
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I0089. In the third part of the procedure, the UE estimates 
the DL time-frequency resource usage by looking at the per 
centage of used PDSCH resource elements. 

LTE PUSCHServed User Number Estimation by Detecting 
Used PHICH Codes 

0090. An idle UE can estimate a LTE cells PUSCH user 
number by detecting the number of used Physical Hybrid 
ARQ Indication Channel (PHICH) orthogonal codes. FIG. 8 
illustrates a structure of the PHICH. The UE may elect to not 
access this cell if the PUSCH user number exceeds a thresh 
old. The estimation may employ the three part procedure that 
follows. 
0091. In the first part of the procedure, the idle UE learns 
the PHICH group number, the location per group, and the 
maximum code number per group of this cell based on cell 
broadcast information or its previous connection experience 
with this cell. 
0092. In the second part of the procedure, for each PHICH 
group, the UE estimates the number ofused PHICH codes. As 
shown in FIG.8, each PHICH group may support a maximum 
of 4 or 8 PUSCH users, separated by orthogonal codes. The 
UE may determine that one PHICH code to be used if a 
normalized correlation value associated with the PHICH 
code exceeds a threshold 
0093. In the second part of the procedure, the UE estimates 
the PUSCH user number by summing the used PHICH code 
number across all PHICH groups. 

WiFi Served User Number Estimation by Decoding MAC 
Addresses in Intercepted Packets 
0094. In yet another aspect, an idle UE may estimate a 
WiFi access points served user number based on the source/ 
destination MAC addresses in the intercepted packets. The 
UE may determine not to access an access point if the access 
points served user number exceeds a threshold. The estima 
tion may employ the four part procedure that follows. 
0095. In the first part of the procedure, the idle UE learns 
the access point's MAC address based on the access points 
beacon broadcast or its previous connection experience with 
this access point. In the latter case, in each data packet 
received from this access point, the access point's MAC 
address is the source MAC address in the MAC header, and 
the UE may memorize it. 
0096. In the second part of the procedure, the UE inter 
cepts data packets exchanged between this access point and 
its served UEs, and decodes source? destination MAC 
addresses in each packet. 
0097. In the third part of the procedure, the UE estimates 
the DL served user number by counting the number of differ 
ent destination MAC addresses in intercepted packets with 
source MAC address matching the access points MAC 
address. 
0098. In the fourth part of the procedure, the UE estimates 
the UL served user number by counting the number of differ 
ent source MAC addresses in intercepted packets with the 
destination MAC address matching the access point's MAC 
address. 

Cell Load Information Acquisition Via Mobile-to-Mobile 
Communications 

0099. An idle UE may acquire cell load information for a 
cell by requesting this information from other UEs currently 
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connected to that cell. The acquisition of cell load informa 
tion between the idle UE and other UEs may be communi 
cated via mobile-to-mobile communication links. The cell 
load information may include the current user throughput, 
various resource usages, served user number, etc., as 
observed by connected UEs. 
0100 For each of the above techniques, a cell may be able 
to detect a UE performing the technique. For example, the cell 
may vary its resource usage to see if the UE switches to 
another cell to request a connection. 
0101. With the above in mind, additional examples of 
operations relating to determining loading at one or more 
access points (e.g., determining loading of cells of the access 
point(s)) and taking action thereon will now be described in 
more detail in conjunction with the flowcharts of FIGS.9 and 
10. 

0102 FIG.9 describes operations that may be performed 
to acquire load information and transmit an indication of the 
load information. For purposes of illustration, the operations 
of FIG.9 are described as being performed by an access point. 
It should be appreciated, however, that these operations may 
be performed by different types of entities in different imple 
mentations. 

0103) As represented by block 902, a first access point 
receives signals from at least one other access point. For 
example, the signals may be received by a network listen 
module of the first access point. 
0104. As discussed herein, the received signals may com 
prise one or more of at least one downlink channelization 
code, a symbol sequence transmitted on a UMTS downlink 
channel, symbols transmitted in an AICH frame, or a 
sequence of OFDM symbols transmitted in a Physical Down 
link Shared Channel (PDSCH). 
0105. Also as discussed herein, the received signals may 
be indicative of a quantity of users served by one or more 
access points. For example, the received signals may com 
prise one or more of symbols transmitted in an F-DPCH 
frame, symbols transmitted in an E-RGCH frame, symbols 
transmitted in an E-HICH frame, or signals associated with at 
least one PHICH group. 
0106. As represented by block 904, loading at each of the 
at least one other access point is determined based on signals 
received at block 902. The loading may comprise one or more 
of traffic load, user load, or some other type of load. In some 
implementations, the determination of the loading is based on 
at least one downlink channelization code. In some imple 
mentations, the determination of the loading is based on the 
quantity of users served. 
0.107 As discussed herein, the determination of the load 
ing may comprise determining, based on a symbol sequence, 
a change (e.g., an increase or a decrease) in a quantity of 
downlink channelization codes used by the particular access 
point, and determining, based on the change in the quantity of 
downlink channelization codes used by the particular access 
point, that traffic load at the particular access point has 
changed (e.g., increased or decreased) in a corresponding 
manner. For example, an increase in the quantity of codes 
used may indicate a corresponding (e.g., proportional) 
increase in the traffic load. Conversely, a decrease in the 
quantity of codes used may indicate a corresponding decrease 
in the traffic load. Here, a determination of whether a particu 
lar downlink channelization code is used comprises deter 
mining whethera normalized correlation value resulting from 
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dispreading of the symbol sequence, according to the particu 
lar downlink channelization code, exceeds a threshold. 
0108. As discussed herein, the determination of the load 
ing may comprise determining, based on the symbols, a 
change (e.g., increase or decrease) in a quantity of slots used 
in the AICH frame, and determining, based on the change in 
the quantity of slots used, that RACH load at the particular 
access point has changed (e.g., increased or decreased) in a 
corresponding manner. For example, an increase in the quan 
tity of slots used may indicate a corresponding (e.g., propor 
tional) increase in the traffic load. Conversely, a decrease in 
the quantity of slots used may indicate a corresponding 
decrease in the traffic load. Here, a determination of whether 
a particular slot is used comprises determining whether a 
normalized correlation value resulting from dispreading of 
the symbols associated with the particular slot, according to a 
channelization code for the AICH frame, exceeds a threshold. 
0109 As discussed herein, the determination of the load 
ing may comprise determining, based on the sequence of 
OFDM symbols, a change (e.g., an increase or decrease) in a 
quantity of LTE PDSCH resource elements used by the par 
ticular access point, and determining, based on the change in 
the quantity of LTE PDSCH resource elements used, that 
time-frequency resource usage at the particular access point 
has changed (e.g., increased or decreased) in a corresponding 
manner. For example, an increase in the quantity of resource 
elements used may indicate a corresponding (e.g., propor 
tional) increase in the traffic load. Conversely, a decrease in 
the quantity of resource elements used may indicate a corre 
sponding decrease in the traffic load. Here, a determination of 
whether a particular LTE PDSCH resource element is used 
comprises performing DFT on the sequence of OFDM sym 
bols and determining whether a resulting normalized corre 
lation value associated with a subcarrier and an OFDM sym 
bol of the particular LTE PDSCH resource element exceeds a 
threshold. 

0110. As discussed herein, the determination of the load 
ing may comprise determining, based on the symbols, a quan 
tity of slots used in the F-DPCH frame, determining, based on 
the quantity of slots used, a change (e.g., increase or decrease) 
in a quantity of UMTS HSDPA users served by the particular 
access point, and determining, based on the change in the 
quantity of served UMTS HSDPA users, that user load at the 
particular access point has changed (e.g., increased or 
decreased) in a corresponding manner. For example, an 
increase in the quantity of users served may indicate a corre 
sponding (e.g., proportional) increase in the traffic load. Con 
versely, a decrease in the quantity of users served may indi 
cate a corresponding decrease in the traffic load. Here, a 
determination of whether a particular slot is used comprises 
determining whether a normalized correlation value resulting 
from dispreading of the symbols associated with the particu 
lar slot, according to a channelization code for the F-DPCH 
frame, exceeds a threshold. 
0111. As discussed herein, the determination of the load 
ing may comprise determining, based on the symbols, a quan 
tity of used signatures per subframe in the E-RGCH frame 
and/or the E-HICH frame, and determining, based on the 
quantity of used signatures, a change (e.g., increase or 
decrease) in a quantity of UMTS HSUPA users served by the 
particular access point, and determining, based on the change 
in the quantity of served UMTS HSUPA users, that user load 
at the particular access point has changed (e.g., increased or 
decreased) in a corresponding manner. For example, an 
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increase in the quantity of used signatures may indicate a 
corresponding (e.g., proportional) increase in the traffic load. 
Conversely, a decrease in the quantity of used signatures may 
indicate a corresponding decrease in the traffic load. Here, a 
determination of whethera particular signature of a particular 
Subframe is used comprises determining whether a normal 
ized correlation value resulting from dispreading of the sym 
bols associated with the particular subframe, according to at 
least one channelization code for the E-RGCH frame and/or 
the E-HICH frame, exceeds a threshold. 
0.112. As discussed herein, the determination of the load 
ing may comprise determining based on the signals, for each 
PHICH group of the at least one PHICH group, a quantity of 
PHICH codes used in the PHICH group, determining, based 
on the quantity of PHICH codes used in the at least one 
PHICH group, a change (e.g., increase or decrease) in a 
quantity of LTE PUSCH users served by the particular access 
point, and determining, based on the change in the quantity of 
served LTE PUSCH users, that user load at the particular 
access point has changed (e.g., increased or decreased) in a 
corresponding manner. For example, an increase in the quan 
tity of codes used may indicate a corresponding (e.g., propor 
tional) increase in the traffic load. Conversely, a decrease in 
the quantity of codes used may indicate a corresponding 
decrease in the traffic load. Here, a determination of whether 
a particular PHICH code is used comprises determining 
whether a normalized correlation value resulting from 
dispreading of the signals, according to the particular PHICH 
code, exceeds a threshold. 
0113. As represented by block 906, the first access point 
transmits an indication of the loading. For example, the first 
access point may broadcast the indication on a broadcast 
channel. 
0114. As represented by block 908, the first access point 
may optionally redirecting an access terminal to a selected 
access point of the at least one other access point based on the 
determination of the loading at block 904. 
0115 FIG. 10 describes operations that may be performed 
to acquire load information and determine, based on the load 
information, whether to initiate communication with an 
access point. For purposes of illustration, the operations of 
FIG. 10 are described as being performed by an access ter 
minal. It should be appreciated, however, that these opera 
tions may be performed by different types of entities in dif 
ferent implementations. 
0116. As represented by block 1002, an access terminal 
receives signals from an access point to which the access 
terminal is not connected. For example, the access terminal 
may be in idle mode during the reception of the signals or the 
access terminal may be connected to another access point 
during the reception of the signals. The signals received at 
block 1002 may be similar to the signals received at block 
902. Thus, these characteristics of the signals will not be 
repeated. 
0117. As represented by block 1004, loading at the access 
point is determined based on signals received at block 1002. 
The type of loading and the determination of the loading at 
block 1002 may be similar to the type of loading and the 
determination of the loading discussed at block 902. Thus, a 
discussion of these operations and loading types will not be 
repeated. 
0118. As represented by block 1006, the access terminal 
determines whether to initiate communication with the access 
point based on the loading determined at block 1004. For 
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example, the access terminal may determine whether to rese 
lect to the access or whether to connect to the access point. In 
Some aspects, the determination of whether to initiate com 
munication comprises comparing the loading to a threshold. 
0119) As represented by block 1008, the operations of 
block 1002-1006 may optionally be repeated to determine the 
loading at other access points. The access terminal may then 
elect to initiate communication with one of the access points, 
wherein the election is based on the loading at the access 
points. For example, the access terminal may connect to the 
access point with the lowest load. 
0120 FIG. 11 illustrates several sample components (rep 
resented by corresponding blocks) that may be incorporated 
into an apparatus 1102 and an apparatus 1104 (e.g., corre 
sponding to the access point 106 and the access terminal 102 
of FIG. 1, respectively) to perform load-related operations as 
taught herein. It should be appreciated that these components 
may be implemented in different types of apparatuses in 
different implementations (e.g., in an ASIC, in a system on a 
chip (SoC), etc.). The described components also may be 
incorporated into other apparatuses in a communication sys 
tem. For example, other apparatuses in a system may include 
components similar to those described for the apparatus 1102 
to provide similar functionality. Also, a given apparatus may 
contain one or more of the described components. For 
example, an apparatus may include multiple transceiver.com 
ponents that enable the apparatus to operate on multiple car 
riers and/or communicate via different technologies. 
0121 The apparatus 1102 and the apparatus 1104 each 
include at least one wireless communication device (repre 
sented by the communication devices 1106 and 1108, respec 
tively) for communicating with other nodes via at least one 
designated radio access technology. Each communication 
device 1106 includes at least one transmitter (represented by 
the transmitter 1110) for sending signals (e.g., messages, 
indications, information, pilots, downlink signal, and so on) 
and at least one receiver (represented by the receiver 1112) for 
receiving signals (e.g., messages, indications, information, 
uplink signals, and so on). Similarly, each communication 
device 1108 includes at least one transmitter (represented by 
the transmitter 1114) for sending signals (e.g., messages, 
indications, information, uplink signals, and so on) and at 
least one receiver (represented by the receiver 1116) for 
receiving signals (e.g., messages, indications, information, 
pilots, downlink signals, and so on). In some aspects, a wire 
less communication device (e.g., one of multiple wireless 
communication devices) of the apparatus 1102 comprises a 
network listen module. 

0122) A transmitter and a receiver may be implemented in 
various ways. For example, a transmitter and a receiver may 
comprise an integrated device (e.g., embodied as a transmitter 
circuit and a receiver circuit of a single communication 
device) in Some implementations, may comprise a separate 
transmitter device and a separate receiver device in some 
implementations, or may be embodied in other ways in other 
implementations. 
0123. The apparatus 1102 includes at least one communi 
cation device (represented by the communication device 
1118) for communicating with other nodes. For example, the 
communication device 1118 may comprise a network inter 
face that is configured to communicate with one or more 
network entities via a wire-based or wireless backhaul. In 
Some aspects, the communication device 1118 may be imple 
mented as a transceiver configured to Support wire-based or 

Sep. 19, 2013 

wireless signal communication. This communication may 
involve, for example, sending and receiving: messages, 
parameters, or other types of information. Accordingly, in the 
example of FIG. 11, the communication device 1118 is shown 
as comprising a transmitter 1120 and a receiver 1122. 
0.124. The apparatus 1102 and the apparatus 1104 also 
include other components that may be used in conjunction 
with load-related operations as taught herein. The apparatus 
1102 includes a processing system 1124 for providing func 
tionality relating to determining load and taking action 
thereon, and for providing other processing functionality. For 
example, the processing system 1124 may perform at least 
one of determining, based on received signals, loading at 
each of at least one other access point; or redirecting an access 
terminal to a selected access point of the at least one other 
access point based on the determination of the loading. In 
addition, the apparatus 1104 includes a processing system 
1126 for providing functionality relating to determining load 
and taking action thereon, and for providing other processing 
functionality. For example, the processing system 1126 may 
perform at least one of determining, based on the received 
signals, loading at an access point; determining whether to 
initiate communication with the access point based on the 
loading; or electing to initiate communication with one of a 
plurality of access points, wherein the election is based on the 
loading at the access points. The apparatus 1102 and the 
apparatus 1104 include memory components 1128 and 1130 
(e.g., each including a memory device), respectively, for 
maintaining information (e.g., information, thresholds, 
parameters, and so on). In addition, the apparatus 1102 and 
the apparatus 1104 include user interface devices 1132 and 
1134, respectively, for providing indications (e.g., audible 
and/or visual indications) to a user and/or for receiving user 
input (e.g., upon user actuation of a sensing device Such a 
keypad, a touch screen, a microphone, and so on). 
0.125 For convenience, the apparatus 1102 is shown in 
FIG. 11 as including components that may be used in the 
various examples described herein. In practice, the illustrated 
blocks may have different functionality in different aspects. 
For example, the functionality of the block 1124 for perform 
ing operations relating to FIG.4 may be different as compared 
to the functionality for performing operations relating to FIG. 
5 

0.126 The components of FIG. 11 may be implemented in 
various ways. In some implementations, the components of 
FIG. 11 may be implemented in one or more circuits such as, 
for example, one or more processors and/or one or more 
ASICs (which may include one or more processors). Here, 
each circuit may use and/or incorporate at least one memory 
component for storing information or executable code used 
by the circuit to provide this functionality. For example, some 
or all of the functionality represented by blocks 1106, 1118, 
1124, 1128, and 1132 may be implemented by processor and 
memory component(s) of the apparatus 1102 (e.g., by execu 
tion of appropriate code and/or by appropriate configuration 
of processor components). Similarly, some or all of the func 
tionality represented by blocks 1108, 1126, 1130, and 1134 
may be implemented by processor and memory component 
(s) of the apparatus 1106 (e.g., by execution of appropriate 
code and/or by appropriate configuration of processor com 
ponents). 
I0127. As discussed above, the teachings herein are 
employed in a network that includes macro Scale coverage 
(e.g., a large area cellular network Such as a 3G network, 



US 2013/0242966 A1 

typically referred to as a macro cell network or a WAN) and 
Smaller scale coverage (e.g., a residence-based or building 
based network environment, typically referred to as a LAN). 
As an access terminal (AT) moves through such a network, 
the access terminal may be served in certain locations by 
access points that provide macro coverage while the access 
terminal may be served at other locations by access points that 
provide Smaller scale coverage. In some aspects, the Smaller 
coverage nodes may be used to provide incremental capacity 
growth, in-building coverage, and different services (e.g., for 
a more robust user experience). 
0128. In the description herein, a node (e.g., an access 
point) that provides coverage over a relatively large area may 
be referred to as a macrocell while a node that provides 
coverage over a relatively small area (e.g., a residence) may 
be referred to as a small cell. It should be appreciated that the 
teachings herein may be applicable to nodes associated with 
other types of coverage areas. For example, a pico access 
point may provide coverage (e.g., coverage within a commer 
cial building) over an area that is Smaller than a macro area 
and larger than a femto area. In various applications, other 
terminology may be used to reference a macrocell, a small 
cell, or other access point-type nodes. For example, a macro 
cell may be configured or referred to as an access node, base 
station, access point, eNodeB, macro, and so on. Also, a small 
cell may be configured or referred to as a Home NodeB, 
Home eNodeB, access point base station, femto cell, and so 
on. In some implementations, a node may be associated with 
(e.g., referred to as or divided into) one or more cells or 
sectors. A cell or sector associated with a macro access point, 
a femto access point, or a pico access point may be referred to 
as a macro cell, a femto cell, or a pico cell, respectively. 
0129 FIG. 12 illustrates a wireless communication sys 
tem 1200, configured to support a number of users, in which 
the teachings herein may be implemented. The system 1200 
provides communication for multiple cells 1202, such as, for 
example, macro cells 1202A-1202G, with each cell being 
serviced by a corresponding access point 1204 (e.g., access 
points 1204A-1204G). As shown in FIG. 12, access terminals 
1206 (e.g., access terminals 1206A-1206L) may be dispersed 
at various locations throughout the system over time. Each 
access terminal 1206 may communicate with one or more 
access points 1204 on a forward link (FL) and/or a reverse 
link (RL) at a given moment, depending upon whether the 
access terminal 1206 is active and whether it is in soft hand 
off, for example. The wireless communication system 1200 
may provide service over a large geographic region. For 
example, macro cells 1202A-1202G may cover a few blocks 
in a neighborhood or several miles in a rural environment. 
0130 FIG. 13 illustrates an exemplary communication 
system 1300 where one or more small cells are deployed 
within a network environment. Specifically, the system 1300 
includes multiple small cells 1310 (e.g., small cells 1310A 
and 1310B) installed in a relatively small-scale network envi 
ronment (e.g., in one or more user residences or enterprise 
locations 1330). Each small cell 1310 may be coupled to a 
wide area network 1340 (e.g., the Internet) and a mobile 
operator core network 1350 via a DSL router, a cable modem, 
a wireless link, or other connectivity means (not shown). As 
will be discussed below, each small cell 1310 may be config 
ured to serve associated access terminals 1320 (e.g., access 
terminal 1320A) and, optionally, other (e.g., hybrid or alien) 
access terminals 1320 (e.g., access terminal 1320B). In other 
words, access to small cells 1310 may be restricted whereby 
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a given access terminal 1320 may be served by a set of 
designated (e.g., home) small cell(s) 1310 but may not be 
served by any non-designated Small cells 1310 (e.g., a neigh 
bor's small cell 1310). 
I0131 FIG. 14 illustrates an example of a coverage map 
1400 where several tracking areas 1402 (or routing areas or 
location areas) are defined, each of which includes several 
macro coverage areas 1404. Here, areas of coverage associ 
ated with tracking areas 1402A, 1402B, and 1402C are delin 
eated by the widelines and the macro coverage areas 1404 are 
represented by the larger hexagons. The tracking areas 1402 
also include femto coverage areas 1406. In this example, each 
of the femto coverage areas 1406 (e.g., femto coverage areas 
1406B and 1406C) is depicted within one or more macro 
coverage areas 1404 (e.g., macro coverage areas 1404A and 
1404B). It should be appreciated, however, that some or all of 
a femto coverage area 1406 might not lie within a macro 
coverage area 1404. In practice, a large number of femto 
coverage areas 1406 (e.g., femto coverage areas 1406A and 
1406D) may be defined within a given tracking area 1402 or 
macro coverage area 1404. Also, one or more pico coverage 
areas (not shown) may be defined within a given tracking area 
1402 or macro coverage area 1404. 
I0132 Referring again to FIG. 13, the owner of a small cell 
1310 may subscribe to mobile service, such as, for example, 
3G mobile service, offered through the mobile operator core 
network 1350. In addition, an access terminal 1320 may be 
capable of operating both in macro environments and in 
Smaller scale (e.g., residential) network environments. In 
other words, depending on the current location of the access 
terminal 1320, the access terminal 1320 may be served by a 
macro cell access point 1360 associated with the mobile 
operator core network 1350 or by any one of a set of small 
cells 1310 (e.g., the small cells 1310A and 1310B that reside 
within a corresponding user residence 1330). For example, 
when a subscriber is outside his home, he is served by a 
standard macro access point (e.g., access point 1360) and 
when the subscriber is at home, he is served by a small cell 
(e.g., small cell 1310A). Here, a small cell 1310 may be 
backward compatible with legacy access terminals 1320. 
I0133) A small cell 1310 may be deployed on a single 
frequency or, in the alternative, on multiple frequencies. 
Depending on the particular configuration, the single fre 
quency or one or more of the multiple frequencies may over 
lap with one or more frequencies used by a macro access point 
(e.g., access point 1360). 
I0134. In some aspects, an access terminal 1320 may be 
configured to connect to a preferred Small cell (e.g., the home 
small cell of the access terminal 1320) whenever such con 
nectivity is possible. For example, whenever the access ter 
minal 1320A is within the user's residence 1330, it may be 
desired that the access terminal 1320A communicate only 
with the home Small cell 1310A or 1310B. 

I0135) In some aspects, if the access terminal 1320 operates 
within the macro cellular network 1350 but is not residing on 
its most preferred network (e.g., as defined in a preferred 
roaming list), the access terminal 1320 may continue to 
search for the most preferred network (e.g., the preferred 
small cell 1310) using a better system reselection (BSR) 
procedure, which may involve a periodic scanning of avail 
able systems to determine whether better systems are cur 
rently available and Subsequently acquire such preferred sys 
tems. The access terminal 1320 may limit the search for 
specific band and channel. For example, one or more femto 
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channels may be defined whereby all small cells (or all 
restricted Small cells) in a region operate on the femto channel 
(s). The search for the most preferred system may be repeated 
periodically. Upon discovery of a preferred small cell 1310, 
the access terminal 1320 selects the small cell 1310 and 
registers on it for use when within its coverage area. 
0136. Access to a small cell may be restricted in some 
aspects. For example, a given Small cell may only provide 
certain services to certain access terminals. In deployments 
with so-called restricted (or closed) access, a given access 
terminal may only be served by the macro cell mobile net 
work and a defined set of small cells (e.g., the small cells 1310 
that reside within the corresponding user residence 1330). In 
Some implementations, an access point may be restricted to 
not provide, for at least one node (e.g., access terminal), at 
least one of signaling, data access, registration, paging, or 
service. 
0.137 In some aspects, a restricted small cell (which may 
also be referred to as a Closed Subscriber Group Home 
NodeB) is one that provides service to a restricted provi 
Sioned set of access terminals. This set may be temporarily or 
permanently extended as necessary. In some aspects, a Closed 
Subscriber Group (CSG) may be defined as the set of access 
points (e.g., Small cells) that share a common access control 
list of access terminals. 
0138 Various relationships may thus exist between a 
given Small cell and a given access terminal. For example, 
from the perspective of an access terminal, an open Small cell 
may refer to a small cell with unrestricted access (e.g., the 
Small cell allows access to any access terminal). A restricted 
small cell may refer to a small cell that is restricted in some 
manner (e.g., restricted for access and/or registration). A 
home small cell may refer to a small cell on which the access 
terminal is authorized to access and operate on (e.g., perma 
nent access is provided for a defined set of one or more access 
terminals). A hybrid (or guest) Small cell may refer to a small 
cellon which different access terminals are provided different 
levels of service (e.g., some access terminals may be allowed 
partial and/or temporary access while other access terminals 
may be allowed full access). An alien small cell may refer to 
a small cell on which the access terminal is not authorized to 
access or operate on, except for perhaps emergency situations 
(e.g., 911 calls). 
0.139. From a restricted small cell perspective, a home 
access terminal may refer to an access terminal that is autho 
rized to access the restricted Small cell installed in the resi 
dence of that access terminal's owner (usually the home 
access terminal has permanent access to that Small cell). A 
guest access terminal may refer to an access terminal with 
temporary access to the restricted Small cell (e.g., limited 
based on deadline, time of use, bytes, connection count, or 
Some other criterion or criteria). An alien access terminal may 
refer to an access terminal that does not have permission to 
access the restricted Small cell, except for perhaps emergency 
situations, for example, such as 911 calls (e.g., an access 
terminal that does not have the credentials or permission to 
register with the restricted small cell). 
0140. The teachings herein may be employed in a wireless 
multiple-access communication system that simultaneously 
Supports communication for multiple wireless access termi 
nals. Here, each terminal may communicate with one or more 
access points via transmissions on the forward and reverse 
links. The forward link (or downlink) refers to the communi 
cation link from the access points to the terminals, and the 
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reverse link (or uplink) refers to the communication link from 
the terminals to the access points. This communication link 
may be established via a single-in-single-out system, a mul 
tiple-in-multiple-out (MIMO) system, or some other type of 
system. 
0141 A MIMO system employs multiple (N) transmit 
antennas and multiple (N) receive antennas for data trans 
mission. A MIMO channel formed by the N transmit and N. 
receive antennas may be decomposed into Ns independent 
channels, which are also referred to as spatial channels, where 
Nesmin{N, N}. Each of the Ns independent channels cor 
responds to a dimension. The MIMO system may provide 
improved performance (e.g., higher throughput and/or 
greater reliability) if the additional dimensionalities created 
by the multiple transmit and receive antennas are utilized. 
0.142 AMIMO system may support time division duplex 
(TDD) and frequency division duplex (FDD). In a TDD sys 
tem, the forward and reverse link transmissions are on the 
same frequency region so that the reciprocity principle allows 
the estimation of the forward link channel from the reverse 
link channel. This enables the access point to extract transmit 
beam-forming gain on the forward link when multiple anten 
nas are available at the access point. 
0143 FIG. 15 illustrates a wireless device 1510 (e.g., an 
access point) and a wireless device 1550 (e.g., an access 
terminal) of a sample MIMO system 1500. At the device 
1510, traffic data for a number of data streams is provided 
from a data source 1512 to a transmit (TX) data processor 
1514. Each data stream may then be transmitted over a 
respective transmit antenna. 
0144. The TX data processor 1514 formats, codes, and 
interleaves the traffic data for each data stream based on a 
particular coding scheme selected for that data stream to 
provide coded data. The coded data for each data stream may 
be multiplexed with pilot data using OFDM techniques. The 
pilot data is typically a known data pattern that is processed in 
a known manner and may be used at the receiver system to 
estimate the channel response. The multiplexed pilot and 
coded data for each data stream is then modulated (i.e., sym 
bol mapped) based on a particular modulation scheme (e.g., 
BPSK, QSPK, M-PSK, or M-QAM) selected for that data 
stream to provide modulation symbols. The data rate, coding, 
and modulation for each data stream may be determined by 
instructions performed by a processor 1530. A data memory 
1532 may store program code, data, and other information 
used by the processor 1530 or other components of the device 
151O. 

0145 The modulation symbols for all data streams are 
then provided to a TX MIMO processor 1520, which may 
further process the modulation symbols (e.g., for OFDM). 
The TX MIMO processor 1520 then provides N modulation 
symbol streams to N transceivers (XCVR) 1522A through 
1522T. In some aspects, the TX MIMO processor 1520 
applies beam-forming weights to the symbols of the data 
streams and to the antenna from which the symbol is being 
transmitted. 
0146 Each transceiver 1522 receives and processes a 
respective symbol stream to provide one or more analog 
signals, and further conditions (e.g., amplifies, filters, and 
upconverts) the analog signals to provide a modulated signal 
suitable for transmission over the MIMO channel. N. modu 
lated signals from transceivers 1522A through 1522T are then 
transmitted from Nantennas 1524A through 1524T, respec 
tively. 
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0147 At the device 1550, the transmitted modulated sig 
nals are received by Nantennas 1552A through 1552R and 
the received signal from each antenna 1552 is provided to a 
respective transceiver (XCVR) 1554A through 1554R. Each 
transceiver 1554 conditions (e.g., filters, amplifies, and 
downconverts) a respective received signal, digitizes the con 
ditioned signal to provide samples, and further processes the 
samples to provide a corresponding “received’ symbol 
Stream. 

0148. A receive (RX) data processor 1560 then receives 
and processes the N received symbol streams from N trans 
ceivers 1554 based on a particular receiver processing tech 
nique to provide N“detected’ symbol streams. The RX data 
processor 1560 then demodulates, deinterleaves, and decodes 
each detected symbol stream to recover the traffic data for the 
data stream. The processing by the RX data processor 1560 is 
complementary to that performed by the TX MIMO proces 
sor 1520 and the TX data processor 1514 at the device 1510. 
0149. A processor 1570 periodically determines which 
pre-coding matrix to use (discussed below). The processor 
1570 formulates a reverse link message comprising a matrix 
index portion and a rank value portion. A data memory 1572 
may store program code, data, and other information used by 
the processor 1570 or other components of the device 1550. 
0150. The reverse link message may comprise various 
types of information regarding the communication link and/ 
or the received data stream. The reverse link message is then 
processed by a TX data processor 1538, which also receives 
traffic data for a number of data streams from a data source 
1536, modulated by a modulator 1580, conditioned by the 
transceivers 1554A through 1554R, and transmitted back to 
the device 1510. 

0151. At the device 1510, the modulated signals from the 
device 1550 are received by the antennas 1524, conditioned 
by the transceivers 1522, demodulated by a demodulator 
(DEMOD) 1540, and processed by a RX data processor 1542 
to extract the reverse link message transmitted by the device 
1550. The processor 1530 then determines which pre-coding 
matrix to use for determining the beam-forming weights then 
processes the extracted message. 
0152 FIG. 15 also illustrates that the communication 
components may include one or more components that per 
form access load-based control operations as taught herein. 
For example, a load-based control component 1590 may 
cooperate with the processor 1530 and/or other components 
of the device 1510 to determine loading at another device 
(e.g., an access point) based on received signals and take 
appropriate action as taught herein. Similarly, a load-based 
control component 1592 may cooperate with the processor 
1570 and/or other components of the device 1550 to deter 
mine loading at another device (e.g., an access point)based on 
received signals and take appropriate action as taught herein. 
It should be appreciated that for each device 1510 and 1550 
the functionality of two or more of the described components 
may be provided by a single component. For example, a 
single processing component may provide the functionality 
of the load-based control component 1590 and the processor 
1530 and a single processing component may provide the 
functionality of the load-based control component 1592 and 
the processor 1570. 
0153. The teachings herein may be incorporated into vari 
ous types of communication systems and/or system compo 
nents. In some aspects, the teachings herein may be employed 
in a multiple-access system capable of supporting communi 
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cation with multiple users by sharing the available system 
resources (e.g., by specifying one or more of bandwidth, 
transmit power, coding, interleaving, and so on). For 
example, the teachings herein may be applied to any one or 
combinations of the following technologies: Code Division 
Multiple Access (CDMA) systems, Multiple-Carrier CDMA 
(MCCDMA), Wideband CDMA (W-CDMA), High-Speed 
Packet Access (HSPA, HSPA+) systems, Time Division Mul 
tiple Access (TDMA) systems, Frequency Division Multiple 
Access (FDMA) systems, Single-Carrier FDMA (SC 
FDMA) systems, Orthogonal Frequency Division Multiple 
Access (OFDMA) systems, or other multiple access tech 
niques. A wireless communication system employing the 
teachings herein may be designed to implement one or more 
standards, such as IS-95, cdma2000, IS-856, W-CDMA, 
TDSCDMA, and other standards. A CDMA network may 
implement a radio technology Such as Universal Terrestrial 
Radio Access (UTRA), cdma2000, or some other technology. 
UTRA includes W-CDMA and Low Chip Rate (LCR). The 
cdma2000 technology covers IS-2000, IS-95 and IS-856 
standards. A TDMA network may implement a radio tech 
nology such as Global System for Mobile Communications 
(GSM). An OFDMA network may implement a radio tech 
nology such as Evolved UTRA (E-UTRA), IEEE 802.11, 
IEEE 802.16, IEEE 802.20, Flash-OFDM(R), etc. UTRA, 
E-UTRA, and GSM are part of Universal Mobile Telecom 
munication System (UMTS). The teachings herein may be 
implemented in a 3GPP Long Term Evolution (LTE) system, 
an LTE-Advanced (LTE-A) system, an Ultra-Mobile Broad 
band (UMB) system, and other types of systems. LTE is a 
release of UMTS that uses E-UTRA. UTRA, E-UTRA, 
GSM, UMTS, LTE, and LTE-A are described in documents 
from an organization named "3rd Generation Partnership 
Project” (3GPP), while cdma2000 is described in documents 
from an organization named "3rd Generation Partnership 
Project 2 (3GPP2). Although certain aspects of the disclo 
sure may be described using 3GPP terminology, it is to be 
understood that the teachings herein may be applied to 3GPP 
(e.g., Rel99, Rel5, Rel6, Rel7) technology, as well as 3GPP2 
(e.g., 1xRTT, 1xEV-DO Rel0, RevA. RevB) technology and 
other technologies. 
0154 The teachings herein may be incorporated into (e.g., 
implemented within or performed by) a variety of apparatuses 
(e.g., device or nodes). In some aspects, an apparatus (e.g., a 
wireless device or node) implemented in accordance with the 
teachings herein may comprise an access point, a relay, or an 
access terminal. 

0155 For example, an access terminal may comprise, be 
implemented as, or known as user equipment, a Subscriber 
station, a Subscriber unit, a mobile station, a mobile, a mobile 
node, a remote station, a remote terminal, a user terminal, a 
user agent, a user device, or Some other terminology. In some 
implementations, an access terminal may comprise a cellular 
telephone, a cordless telephone, a session initiation protocol 
(SIP) phone, a wireless local loop (WLL) station, a personal 
digital assistant (PDA), a handheld device having wireless 
connection capability, or some other Suitable processing 
device connected to a wireless modem. Accordingly, one or 
more aspects taught herein may be incorporated into a phone 
(e.g., a cellular phone or Smart phone), a computer (e.g., a 
laptop), a tablet, a portable communication device, a portable 
computing device (e.g., a personal data assistant), an enter 
tainment device (e.g., a music device, a video device, or a 
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satellite radio), a global positioning system device, or any 
other Suitable device that is configured to communicate via a 
wireless medium. 
0156 An access point may comprise, be implemented as, 
or known as a NodeB, an eNodeB, a radio network controller 
(RNC), a base station (BS), a radio base station (RBS), a base 
station controller (BSC), a base transceiver station (BTS), a 
transceiver function (TF), a radio transceiver, a radio router, a 
basic service set (BSS), an extended service set (ESS), a 
macro cell, a macro node, a Home eNB (HeNB), a femto cell, 
a femto node, a pico node, or some other similar terminology. 
0157. In some aspects, a relay may be used to extend the 
coverage of an access point. To this end, a relay may include 
access terminal functionality (e.g., for communicating with 
an access point) as well as access point functionality (e.g., for 
communicating with an access terminal). 
0158. In some aspects, an apparatus (e.g., an access point 
or relay) may comprise an access node for a communication 
system. Such an access node may provide, for example, con 
nectivity for or to a network (e.g., a wide area network Such as 
the Internet or a cellular network) via a wired or wireless 
communication link to the network. Accordingly, an access 
node may enable another node (e.g., an access terminal) to 
access a network or Some other functionality. In addition, it 
should be appreciated that one or both of the nodes may be 
portable or, in Some cases, relatively non-portable. 
0159. It should be appreciated that a wireless apparatus 
may be capable of transmitting and/or receiving information 
in a non-Wireless manner (e.g., via a Wired connection). Thus, 
a receiver and a transmitter as discussed herein may, in some 
cases, include appropriate communication interface compo 
nents (e.g., electrical or optical interface components) to 
communicate via a non-wireless medium. 

0160 A wireless node may communicate via one or more 
wireless communication links that are based on or otherwise 
Support any Suitable wireless communication technology. For 
example, in some aspects a wireless node may associate with 
a network. In some aspects, the network may comprise a local 
area network or a wide area network. A wireless device may 
support or otherwise use one or more of a variety of wireless 
communication technologies, protocols, or standards such as 
those discussed herein (e.g., CDMA, TDMA, OFDM, 
OFDMA, WiMAX, Wi-Fi, and so on). Similarly, a wireless 
node may support or otherwise use one or more of a variety of 
corresponding modulation or multiplexing schemes. A wire 
less node may thus include appropriate components (e.g., air 
interfaces) to establish and communicate via one or more 
wireless communication links using the above or other wire 
less communication technologies. For example, a wireless 
node may comprise a wireless transceiver with associated 
transmitter and receiver components that may include various 
components (e.g., signal generators and signal processors) 
that facilitate communication over a wireless medium. 
0161 The functionality described herein (e.g., with regard 
to one or more of the accompanying figures) may correspond 
in some aspects to similarly designated “means for function 
ality in the appended claims. Examples of such functionality 
will be described with reference to the interrelated functional 
modules (e.g., comprising electrical circuits) depicted in 
FIGS. 16-17. In practice, one or more of these modules may 
be communicatively coupled via one or more signaling buses. 
0162 Referring to FIG. 16, an apparatus 1600 is repre 
sented as a series of interrelated functional modules. Here, a 
module for receiving signal 1602 may correspond at least in 
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Some aspects to, for example, a receiver as discussed herein. 
A module for determining loading 1604 may correspond at 
least in some aspects to, for example, a processing system as 
discussed herein. A module for transmitting an indication of 
the loading 1606 may correspond at least in Some aspects to, 
for example, a transmitter as discussed herein. A module for 
redirecting an access terminal 1608 may correspond at least 
in Some aspects to, for example, a processing system as dis 
cussed herein. 
(0163 Referring to FIG. 17, an apparatus 1700 is repre 
sented as a series of interrelated functional modules. Here, a 
module for receiving signals 1702 may correspond at least in 
Some aspects to, for example, a receiver as discussed herein. 
A module for determining loading 1704 may correspond at 
least in some aspects to, for example, a processing system as 
discussed herein. A module for determining whether to ini 
tiate communication 1706 may correspond at least in some 
aspects to, for example, a processing system as discussed 
herein. A module for electing to initiate communication 1708 
may correspond at least in some aspects to, for example, a 
processing system as discussed herein. 
(0164. The functionality of the modules of FIGS. 16-17 
may be implemented in various ways consistent with the 
teachings herein. In some aspects, the functionality of these 
modules may be implemented as one or more electrical com 
ponents. In some aspects, the functionality of these blocks 
may be implemented as a processing system including one or 
more processor components. In some aspects, the function 
ality of these modules may be implemented using, for 
example, at least a portion of one or more integrated circuits 
(e.g., an ASIC). As discussed herein, an integrated circuit may 
include a processor, Software, other related components, or 
some combination thereof. Thus, the functionality of differ 
ent modules may be implemented, for example, as different 
subsets of an integrated circuit, as different subsets of a set of 
software modules, or a combination thereof. Also, it should 
be appreciated that a given Subset (e.g., of an integrated 
circuit and/or of a set of software modules) may provide at 
least a portion of the functionality for more than one module. 
As one specific example, the apparatus 1600 may comprise a 
single device (e.g., components 1602-1608 comprising dif 
ferent sections of an ASIC). As another specific example, the 
apparatus 1600 may comprise several devices (e.g., the com 
ponents 1602 and 1606 comprising one ASIC and the com 
ponents 1604 and 1608 comprising another ASIC). The func 
tionality of these modules also may be implemented in some 
other manner as taught herein. In some aspects one or more of 
any dashed blocks in FIGS. 16-17 are optional. 
0.165. In addition, the components and functions repre 
sented by FIGS. 16-17 as well as other components and 
functions described herein, may be implemented using any 
Suitable means. Such means also may be implemented, at 
least in part, using corresponding structure as taught herein. 
For example, the components described above in conjunction 
with the “module for components of FIGS. 16-17 also may 
correspond to similarly designated “means for functionality. 
Thus, in Some aspects one or more of Such means may be 
implemented using one or more of processor components, 
integrated circuits, or other Suitable structure as taught herein. 
0166 In some aspects, an apparatus or any component of 
an apparatus may be configured to (or operable to or adapted 
to) provide functionality as taught herein. This may be 
achieved, for example: by manufacturing (e.g., fabricating) 
the apparatus or component so that it will provide the func 
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tionality; by programming the apparatus or component so that 
it will provide the functionality; or through the use of some 
other Suitable implementation technique. As one example, an 
integrated circuit may be fabricated to provide the requisite 
functionality. As another example, an integrated circuit may 
be fabricated to support the requisite functionality and then 
configured (e.g., via programming) to provide the requisite 
functionality. As yet another example, a processor circuit may 
execute code to provide the requisite functionality. 
0167. It should be understood that any reference to an 
element herein using a designation Such as “first.” “second.” 
and so forth does not generally limit the quantity or order of 
those elements. Rather, these designations may be used 
herein as a convenient method of distinguishing between two 
or more elements or instances of an element. Thus, a refer 
ence to first and second elements does not mean that only two 
elements may be employed there or that the first element must 
precede the second element in some manner. Also, unless 
stated otherwise a set of elements may comprise one or more 
elements. In addition, terminology of the form “at least one of 
A, B, or C or “one or more of A, B, or C or “at least one of 
the group consisting of A, B, and Cused in the description or 
the claims means “A or B or C or any combination of these 
elements. For example, this terminology may include A, or 
B, or C, or A and B, or A and C, or A and B and C, or 2A, or 
2B, or 2C, and so on. 
0168 Those of skill in the art would understand that infor 
mation and signals may be represented using any of a variety 
of different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical fields 
or particles, or any combination thereof. 
0169. Those of skill would further appreciate that any of 
the various illustrative logical blocks, modules, processors, 
means, circuits, and algorithm steps described in connection 
with the aspects disclosed herein may be implemented as 
electronic hardware (e.g., a digital implementation, an analog 
implementation, or a combination of the two, which may be 
designed using source coding or some other technique), Vari 
ous forms of program or design code incorporating instruc 
tions (which may be referred to herein, for convenience, as 
“software' or a “software module'), or combinations of both. 
To clearly illustrate this interchangeability of hardware and 
Software, various illustrative components, blocks, modules, 
circuits, and steps have been described above generally in 
terms of their functionality. Whether such functionality is 
implemented as hardware or Software depends upon the par 
ticular application and design constraints imposed on the 
overall system. Skilled artisans may implement the described 
functionality in varying ways for each particular application, 
but such implementation decisions should not be interpreted 
as causing a departure from the scope of the present disclo 
SU 

0170 The various illustrative logical blocks, modules, and 
circuits described in connection with the aspects disclosed 
herein may be implemented within or performed by a pro 
cessing system, an integrated circuit (“IC), an access termi 
nal, or an access point. A processing system may be imple 
mented using one or more ICs or may be implemented within 
an IC (e.g., as part of a system on a chip). An IC may comprise 
a general purpose processor, a digital signal processor (DSP), 
an application specific integrated circuit (ASIC), a field pro 
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grammable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, electrical components, optical components, 
mechanical components, or any combination thereof 
designed to perform the functions described herein, and may 
execute codes or instructions that reside within the IC, outside 
of the IC, or both. A general purpose processor may be a 
microprocessor, but in the alternative, the processor may be 
any conventional processor, controller, microcontroller, or 
state machine. A processor may also be implemented as a 
combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP core, 
or any other Such configuration. 
0171 It is understood that any specific order or hierarchy 
of steps in any disclosed process is an example of a sample 
approach. Based upon design preferences, it is understood 
that the specific order or hierarchy of steps in the processes 
may be rearranged while remaining within the scope of the 
present disclosure. The accompanying method claims present 
elements of the various steps in a sample order, and are not 
meant to be limited to the specific order or hierarchy pre 
sented. 

0172. The steps of a method or algorithm described in 
connection with the aspects disclosed herein may be embod 
ied directly in hardware, in a software module executed by a 
processor, or in a combination of the two. A Software module 
(e.g., including executable instructions and related data) and 
other data may reside in a memory such as RAM memory, 
flash memory, ROM memory, EPROM memory, EEPROM 
memory, registers, a hard disk, a removable disk, a CD-ROM, 
or any other form of computer-readable storage medium 
known in the art. A sample storage medium may be coupled to 
a machine Such as, for example, a computer/processor (which 
may be referred to herein, for convenience, as a “processor) 
Such the processor can read information (e.g., code) from and 
write information to the storage medium. A sample storage 
medium may be integral to the processor. The processor and 
the storage medium may reside in an ASIC. The ASIC may 
reside in user equipment. In the alternative, the processor and 
the storage medium may reside as discrete components in 
user equipment. Moreover, in Some aspects any suitable com 
puter-program product may comprise a computer-readable 
medium comprising code(s) executable (e.g., executable by 
at least one computer) to provide functionality relating to one 
or more of the aspects of the disclosure. In some aspects, a 
computer program product may comprise packaging materi 
als. 

0173. In one or more exemplary embodiments, the func 
tions described may be implemented in hardware, software, 
firmware, or any combination thereof. If implemented in 
software, the functions may be stored on or transmitted over 
as one or more instructions or code on a computer-readable 
medium. Computer-readable media includes both computer 
storage media and communication media including any 
medium that facilitates transfer of a computer program from 
one place to another. A computer-readable media may be any 
available media that can be accessed by a computer. By way 
of example, and not limitation, Such computer-readable 
media can comprise RAM, ROM, EEPROM, CD-ROM or 
other optical disk storage, magnetic disk storage or other 
magnetic storage devices, or any other medium that can be 
used to carry or store desired program code in the form of 
instructions or data structures and that can be accessed by a 
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computer. Also, any connection is properly termed a com 
puter-readable medium. For example, if the software is trans 
mitted from a website, server, or other remote source using a 
coaxial cable, fiber optic cable, twisted pair, digital subscriber 
line (DSL), or wireless technologies such as infrared, radio, 
and microwave, then the coaxial cable, fiber optic cable, 
twisted pair, DSL, or wireless technologies such as infrared, 
radio, and microwave are included in the definition of 
medium. Disk and disc, as used herein, includes compact disc 
(CD), laser disc, optical disc, digital versatile disc (DVD). 
floppy disk and blu-ray disc where disks usually reproduce 
data magnetically, while discs reproduce data optically with 
lasers. Thus, in Some aspects computer readable medium may 
comprise non-transitory computer-readable medium (e.g., 
tangible media, computer-readable storage medium, com 
puter-readable storage device, etc.). Such a non-transitory 
computer-readable medium (e.g., computer-readable storage 
device) may comprise any of the tangible forms of media 
described herein or otherwise known (e.g., a memory device, 
a media disk, etc.). In addition, in Some aspects computer 
readable medium may comprise transitory computer readable 
medium (e.g., comprising a signal). Combinations of the 
above should also be included within the scope of computer 
readable media. It should be appreciated that a computer 
readable medium may be implemented in any suitable com 
puter-program product. 
0.174 As used herein, the term “determining encom 
passes a wide variety of actions. For example, “determining 
may include calculating, computing, processing, deriving, 
investigating, looking up (e.g., looking up in a table, a data 
base or another data structure), ascertaining, and the like. 
Also, “determining may include receiving (e.g., receiving 
information), accessing (e.g., accessing data in a memory). 
and the like. Also, “determining may include resolving, 
selecting, choosing, establishing, and the like. 
0.175. The previous description of the disclosed aspects is 
provided to enable any person skilled in the art to make or use 
the present disclosure. Various modifications to these aspects 
will be readily apparent to those skilled in the art, and the 
generic principles defined herein may be applied to other 
aspects without departing from the scope of the disclosure. 
Thus, the present disclosure is not intended to be limited to 
the aspects shown herein but is to be accorded the widest 
Scope consistent with the principles and novel features dis 
closed herein. 

What is claimed is: 
1. An apparatus for wireless communication, comprising: 
a receiver configured to receive, at an access terminal, 

signals from an access point, wherein the access termi 
nal is not connected to the access point; and 

a processing system configured to determine, based on the 
received signals, loading at the access point, and further 
configured to determine whether to initiate communica 
tion with the access point based on the loading. 

2. The apparatus of claim 1, wherein the loading comprises 
traffic load. 

3. The apparatus of claim 1, wherein the loading comprises 
user load. 

4. The apparatus of claim 1, wherein: 
the received signals comprise at least one downlink chan 

nelization code; and 
the determination of the loading is based on the at least one 

downlink channelization code. 
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5. The apparatus of claim 1, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise a symbol sequence 
transmitted on a UMTS downlink channel; and 

the determination of the loading comprises: 
determining, based on the symbol sequence, an increase in 

a quantity of downlink channelization codes used by the 
particular access point, and 

determining, based on the increase in the quantity of down 
link channelization codes used by the particular access 
point, that traffic load at the particular access point has 
increased in a corresponding manner. 

6. The apparatus of claim 5, wherein a determination of 
whether a particular downlink channelization code is used 
comprises determining whether a normalized correlation 
value resulting from dispreading of the symbol sequence, 
according to the particular downlink channelization code, 
exceeds a threshold. 

7. The apparatus of claim 1, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise symbols transmit 
ted in an AICH frame; and 

the determination of the loading comprises: 
determining, based on the symbols, an increase in a quan 

tity of slots used in the AICH frame, and 
determining, based on the increase in the quantity of slots 

used, that RACH load at the particular access point has 
increased in a corresponding manner. 

8. The apparatus of claim 7, wherein a determination of 
whether a particular slot is used comprises determining 
whether a normalized correlation value resulting from 
dispreading of the symbols associated with the particular slot, 
according to a channelization code for the AICH frame, 
exceeds a threshold. 

9. The apparatus of claim 1, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise a sequence of 
OFDM symbols transmitted in an Physical Downlink 
Shared Channel (PDSCH); and 

the determination of the loading comprises: 
determining, based on the sequence of OFDM symbols, an 

increase in a quantity of LTE PDSCH resource elements 
used by the particular access point, and 

determining, based on the increase in the quantity of LTE 
PDSCH resource elements used, that time-frequency 
resource usage at the particular access point has 
increased in a corresponding manner. 

10. The apparatus of claim 9, wherein a determination of 
whether a particular LTE PDSCH resource element is used 
comprises performing DFT on the sequence of OFDM sym 
bols and determining whether a resulting normalized corre 
lation value associated with a subcarrier and an OFDM sym 
bol of the particular LTE PDSCH resource element exceeds a 
threshold. 

11. The apparatus of claim 1, wherein: 
the received signals are indicative of a quantity of users 

served by the at least one other access point; and 
the determination of the loading is based on the quantity of 

users served. 
12. The apparatus of claim 1, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise symbols transmit 
ted in a F-DPCH frame; and 
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the determination of the loading comprises: 
determining, based on the symbols, a quantity of slots used 

in the F-DPCH frame, 
determining, based on the quantity of slots used, an 

increase in a quantity of UMTS HSDPA users served by 
the particular access point, and 

determining, based on the increase in the quantity of served 
UMTS HSDPA users, that user load at the particular 
access point has increased in a corresponding manner. 

13. The apparatus of claim 12, wherein a determination of 
whether a particular slot is used comprises determining 
whether a normalized correlation value resulting from 
dispreading of the symbols associated with the particular slot, 
according to a channelization code for the F-DPCH frame, 
exceeds a threshold. 

14. The apparatus of claim 1, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise symbols transmit 
ted in an E-RGCH frame and/or an E-HICH frame; and 

the determination of the loading comprises: 
determining, based on the symbols, a quantity of used 

signatures per subframe in the E-RGCH frame and/or 
the E-HICH frame, and 

determining, based on the quantity of used signatures, an 
increase in a quantity of UMTS HSUPA users served by 
the particular access point, and 

determining, based on the increase in the quantity of served 
UMTS HSUPA users, that user load at the particular 
access point has increased in a corresponding manner. 
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20. The apparatus of claim 1, wherein: 
the receiver is further configured to receive, at the access 

terminal, other signals from at least one other access 
point, wherein the access terminal is not connected to the 
at least one other access point; 

the processing system is further configured to determine, 
based on the received other signals, loading at the at least 
one other access point; and 

the processing system is further configured to elect to ini 
tiate communication with one of the access points, 
wherein the election is based on the loading at the access 
points. 

21. A method of wireless communication, comprising: 
receiving, at an access terminal, signals from an access 

point, wherein the access terminal is not connected to the 
access point, 

determining, based on the received signals, loading at the 
access point; and 

determining whether to initiate communication with the 
access point based on the loading. 

22. The method of claim 21, wherein the loading comprises 
traffic load. 

23. The method of claim 21, wherein the loading comprises 
user load. 

24. The method of claim 21, wherein: 
the received signals comprise at least one downlink chan 

nelization code; and 
the determination of the loading is based on the at least one 

downlink channelization code. 
25. The method of claim 21, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise a symbol sequence 
transmitted on a UMTS downlink channel; and 

the determination of the loading comprises: 
determining, based on the symbol sequence, an increase 

in a quantity of downlink channelization codes used 
by the particular access point, and 

determining, based on the increase in the quantity of 
downlink channelization codes used by the particular 
access point, that traffic load at the particular access 
point has increased in a corresponding manner. 

26. The method of claim 25, wherein a determination of 
whether a particular downlink channelization code is used 
comprises determining whether a normalized correlation 
value resulting from dispreading of the symbol sequence, 
according to the particular downlink channelization code, 
exceeds a threshold. 

27. The method of claim 21, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise symbols transmit 
ted in an AICH frame; and 

the determination of the loading comprises: 
determining, based on the symbols, an increase in a 

quantity of slots used in the AICH frame, and 
determining, based on the increase in the quantity of 

slots used, that RACH load at the particular access 
point has increased in a corresponding manner. 

28. The method of claim 27, wherein a determination of 
whether a particular slot is used comprises determining 
whether a normalized correlation value resulting from 
dispreading of the symbols associated with the particular slot, 
according to a channelization code for the AICH frame, 
exceeds a threshold. 

15. The apparatus of claim 14, wherein a determination of 
whether a particular signature of a particular subframe is used 
comprises determining whether a normalized correlation 
value resulting from dispreading of the symbols associated 
with the particular subframe, according to at least one chan 
nelization code for the E-RGCH frame and/or the E-HICH 
frame, exceeds a threshold. 

16. The apparatus of claim 1, wherein: 
the signals received from a particular access point of the at 

least one other access point are associated with at least 
one PHICH group; and 

the determination of the loading comprises: 
determining based on the signals, for each PHICH group of 

the at least one PHICH group, a quantity of PHICH 
codes used in the PHICH group, 

determining, based on the quantity of PHICH codes used in 
the at least one PHICH group, an increase in a quantity 
of LTE PUSCH users served by the particular access 
point, and 

determining, based on the increase in the quantity of served 
LTE PUSCH users, that user load at the particular access 
point has increased in a corresponding manner. 

17. The apparatus of claim 16, wherein a determination of 
whether a particular PHICH code is used comprises deter 
mining whethera normalized correlation value resulting from 
dispreading of the signals, according to the particular PHICH 
code, exceeds a threshold. 

18. The apparatus of claim 1, wherein the access terminal is 
in idle mode during the reception of the signals or the access 
terminal is connected to another access point during the 
reception of the signals. 

19. The apparatus of claim 1, wherein the determination of 
whether to initiate communication comprises comparing the 
loading to a threshold. 
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29. The method of claim 21, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise a sequence of 
OFDM symbols transmitted in an Physical Downlink 
Shared Channel (PDSCH); and 

the determination of the loading comprises: 
determining, based on the sequence of OFDM symbols, 

an increase in a quantity of LTE PDSCH resource 
elements used by the particular access point, and 

determining, based on the increase in the quantity of 
LTE PDSCH resource elements used, that time-fre 
quency resource usage at the particular access point 
has increased in a corresponding manner. 

30. The method of claim 29, wherein a determination of 
whether a particular LTE PDSCH resource element is used 
comprises performing DFT on the sequence of OFDM sym 
bols and determining whether a resulting normalized corre 
lation value associated with a subcarrier and an OFDM sym 
bol of the particular LTE PDSCH resource element exceeds a 
threshold. 

31. The method of claim 21, wherein: 
the received signals are indicative of a quantity of users 

served by the at least one other access point; and 
the determination of the loading is based on the quantity of 

users served. 
32. The method of claim 21, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise symbols transmit 
ted in a F-DPCH frame; and 

the determination of the loading comprises: 
determining, based on the symbols, a quantity of slots 

used in the F-DPCH frame, 
determining, based on the quantity of slots used, an 

increase in a quantity of UMTS HSDPA users served 
by the particular access point, and 

determining, based on the increase in the quantity of 
served UMTS HSDPA users, that user load at the 
particular access point has increased in a correspond 
ing manner. 

33. The method of claim 32, wherein a determination of 
whether a particular slot is used comprises determining 
whether a normalized correlation value resulting from 
dispreading of the symbols associated with the particular slot, 
according to a channelization code for the F-DPCH frame, 
exceeds a threshold. 

34. The method of claim 21, wherein: 
the signals received from a particular access point of the at 

least one other access point comprise symbols transmit 
ted in an E-RGCH frame and/or an E-HICH frame; and 

the determination of the loading comprises: 
determining, based on the symbols, a quantity of used 

signatures per subframe in the E-RGCH frame and/or 
the E-HICH frame, and 

determining, based on the quantity of used signatures, an 
increase in a quantity of UMTS HSUPA users served 
by the particular access point, and 

determining, based on the increase in the quantity of 
served UMTS HSUPA users, that user load at the 
particular access point has increased in a correspond 
ing manner. 

35. The method of claim 34, wherein a determination of 
whether a particular signature of a particular subframe is used 
comprises determining whether a normalized correlation 
value resulting from dispreading of the symbols associated 
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with the particular subframe, according to at least one chan 
nelization code for the E-RGCH frame and/or the E-HICH 
frame, exceeds a threshold. 

36. The method of claim 21, wherein: 
the signals received from a particular access point of the at 

least one other access point are associated with at least 
one PHICH group; and 

the determination of the loading comprises: 
determining based on the signals, for each PHICH group 

of the at least one PHICH group, a quantity of PHICH 
codes used in the PHICH group, 

determining, based on the quantity of PHICH codes used 
in the at least one PHICH group, an increase in a 
quantity of LTEPUSCH users served by the particular 
access point, and 

determining, based on the increase in the quantity of 
served LTE PUSCH users, that user load at the par 
ticular access point has increased in a corresponding 
a. 

37. The method of claim 36, wherein a determination of 
whether a particular PHICH code is used comprises deter 
mining whethera normalized correlation value resulting from 
dispreading of the signals, according to the particular PHICH 
code, exceeds a threshold. 

38. The method of claim 21, wherein the access terminal is 
in idle mode during the reception of the signals or the access 
terminal is connected to another access point during the 
reception of the signals. 

39. The method of claim 21, wherein the determination of 
whether to initiate communication comprises comparing the 
loading to a threshold. 

40. The method of claim 21, further comprising: 
receiving, at the access terminal, other signals from at least 

one other access point, wherein the access terminal is not 
connected to the at least one other access point; 

determining, based on the received other signals, loading at 
the at least one other access point; and 

electing to initiate communication with one of the access 
points, wherein the election is based on the loading at the 
access points. 

41. An apparatus for wireless communication, comprising: 
receiving, at an access terminal, signals from an access 

point, wherein the access terminal is not connected to the 
access point, 

determining, based on the received signals, loading at the 
access point; and 

determining whether to initiate communication with the 
access point based on the loading. 

42. The apparatus of claim 41, wherein the loading com 
prises traffic load. 

43. The apparatus of claim 41, wherein the loading com 
prises user load. 

44. The apparatus of claim 41, wherein: 
the means for receiving is configured to receive, at the 

access terminal, other signals from at least one other 
access point, wherein the access terminal is not con 
nected to the at least one other access point; 

the means for determining loading is configured to deter 
mine, based on the received other signals, loading at the 
at least one other access point; and 

the apparatus further comprises means for electing to ini 
tiate communication with one of the access points, 
wherein the election is based on the loading at the access 
points. 
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45. A computer-program product, comprising: 
computer-readable medium comprising code for causing a 

computer to: 
receive, at an access terminal, signals from an access 

point, wherein the access terminal is not connected to 
the access point; 

determine, based on the received signals, loading at the 
access point; and 

determine whether to initiate communication with the 
access point based on the loading. 

46. The computer-program product of claim 45, wherein 
the loading comprises traffic load. 

47. The computer-program product of claim 45, wherein 
the loading comprises user load. 

48. The computer-program product of claim 45, wherein 
the computer-readable medium further comprises code for 
causing the computer to: 

receive, at the access terminal, other signals from at least 
one other access point, wherein the access terminal is not 
connected to the at least one other access point; 

determine, based on the received other signals, loading at 
the at least one other access point; and 

elect to initiate communication with one of the access 
points, wherein the election is based on the loading at the 
access points. 


