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(57) ABSTRACT 

Techniques for utilizing a capacity-based effective signal-to 
noise ratio (SNR) to improve Wireless communication are 
described herein. In an embodiment, a mobile terminal can 
determine the effective SNR from a forward link channel 
using pilot/ data symbols. The mobile terminal can convey the 
effective SNR to a base station. In order to minimize trans 
mission overhead, the mobile terminal can quantize the effec 
tive SNR prior to transmitting it to the base station. In another 
embodiment, the base station can determine the effective 
SNR from a reverse link. The base station can utilize the 
effective SNR to facilitate scheduling transmissions from the 
mobile terminal, transmitting poWer control commands to the 
mobile terminal, and determining a supporting data rate for 
the mobile terminal, for example. Suitable SNRs include 
constrained, unconstrained, average, and/or approximated 
effective SNRs. In addition, various ?lters, such as an aver 
aging ?lter, can be utilized to further process the effective 
SNR. 
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SYSTEMS AND METHODS THAT UTILIZE A 
CAPACITY-BASED SIGNAL-TO-NOISE 

RATIO TO PREDICT AND IMPROVE MOBILE 
COMMUNICATION 

PRIORITY CLAIM 

[0001] This application is a continuation application of, 
and claims the bene?t of priority from, US. patent applica 
tion Ser. No. 11/021,697, entitled “Systems and Methods 
That UtiliZe a Capacity-Based Signal-to-Noise Ratio to Pre 
dict and Improve Mobile Communication” ?led on Dec. 22, 
2004, Which is fully incorporated herein by reference for all 
purposes. 

BACKGROUND 

[0002] I. Field 
[0003] The embodiments herein generally relate to com 
munication, and more speci?cally to systems and methods 
that determine and utiliZe a capacity-based effective signal 
to-noise ratio (SNR) as a performance metric to in a Wireless 
communication system. 
[0004] II. Background 
[0005] Conventional technologies utiliZed for transmitting 
information Within a mobile communication network (e.g., a 
cell phone network) include frequency, time and code divi 
sion based techniques. In general, With frequency division 
based techniques calls are split based on a frequency access 
method, Wherein respective calls are placed on a separate 
frequency. With time division based techniques, respective 
calls are assigned a certain portion of time on a designated 
frequency. With code division based techniques respective 
calls are associated With unique codes and spread over avail 
able frequencies. Respective technologies can accommodate 
multiple accesses by one or more users. 

[0006] More particularly, frequency division based tech 
niques typically separate the spectrum into distinct channels 
by splitting it into uniform chunks of bandWidth, for example, 
division of the frequency band allocated for Wireless cellular 
telephone communication can be split into 30 channels, each 
of Which can carry a voice conversation or, With digital ser 
vice, carry digital data. Each channel can be assigned to only 
one user at a time. One commonly utiliZed variant is an 
orthogonal frequency division technique that effectively par 
titions the overall system bandWidth into multiple orthogonal 
subbands. These subbands are also referred to as tones, car 

riers, subcarriers, bins, and frequency channels. Each sub 
band is associated With a subcarrier that can be modulated 
With data. With time division based techniques, a band is split 
time-Wise into sequential time slices or time slots. Each user 
of a channel is provided With a time slice for transmitting and 
receiving information in a round-robin manner. For example, 
at any given time t, a user is provided access to the channel for 
a short burst. Then, access sWitches to another user Who is 
provided With a short burst of time for transmitting and 
receiving information. The cycle of “taking turns” continues, 
and eventually each user is provided With multiple transmis 
sion and reception bursts. 
[0007] Code division based techniques typically transmit 
data over a number of the discrete frequencies available at any 
time in a range. In general, data is digitiZed and spread over 
available bandWidth, Wherein multiple calls can be overlaid 
on the channel and respective calls can be assigned a unique 
sequence code. Users can transmit in the same Wide-band 
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chunk of spectrum, Wherein each user’s signal is spread over 
the entire bandWidth by its respective unique spreading code. 
This technique can provide for sharing, Wherein one or more 
users can concurrently transmit and receive. Such sharing can 
be achieved through spread spectrum digital modulation, 
Wherein a user’s stream of bits is encoded and spread across a 
very Wide channel in a pseudo-random fashion. The receiver 
is designed to recogniZe the associated unique sequence code 
and undo the randomization in order to collect the bits for a 
particular user in a coherent manner. 
[0008] A typical Wireless communication netWork (e. g., 
employing frequency, time and code division techniques) 
includes one or more base stations that provide a coverage 
area and one or more mobile (e. g., Wireless) terminals that can 
transmit and receive data Within the coverage area. A typical 
base station can simultaneously transmit multiple data 
streams for broadcast, multicast, and/ or unicast services, 
Wherein a data stream is a stream of data that can be of 
independent reception interest to a mobile terminal. A mobile 
terminal Within the coverage area of that base station can be 
interested in receiving one, more than one or all the data 
streams carried by the composite stream. LikeWise, a mobile 
terminal can transmit data to the base station or another 
mobile terminal. Such communication betWeen base station 
and mobile terminal or betWeen mobile terminals can be 
degraded due to channel variations and/ or interference poWer 
variations. For example, the aforementioned variations can 
affect base station scheduling, poWer control and/or rate pre 
diction for one or more mobile terminals. Thus, there is need 
to mitigate the effects of channel and/or interference poWer 
variations in order to improve communication in the presence 
of such variations. 

SUMMARY 

[0009] The systems and methods described herein relate to 
utiliZing a capacity-based effective signal-to-noise ratio 
(SNR) to facilitate Wireless communication (e.g., OFDMA, 
OFDM, FDMA, FDM, TDMA CDMA, etc.) are described 
herein. This effective SNR can be employed as a performance 
metric that provides for a good prediction of turbo code 
performance. For example, When channel and interference 
poWer varies over a duration of a single codeWord, the error 
probability of that codeWord can be accurately predicted 
through the capacity-based effective SNR of a set of modu 
lation symbols spanning that codeWord. In general, the capac 
ity-based effective SNR for the set of modulation symbols 
can be de?ned over the set of modulation symbols and can be 
based on a constrained capacity function corresponding to a 
particular modulation scheme. Approximations to the con 
strained capacity function can be utiliZed if necessary or 
desired. One suitable approximation is the unconstrained 
Gaussian capacity (e.g., assuming Additive White Gaussian 
Noise (AWGN)). A further simpli?cation Would be to 
approximate the unconstrained capacity, or log(1+SNR) by 
log(SNR). Under this formulation, the capacity-based effec 
tive SNR becomes the geometric mean of individual SNRs. It 
is to be appreciated that this capacity-based effective SNR can 
be utiliZed With non-Gaussian (non-Normal) channels by 
adapting the capacity function to the channel of interest. 
[0010] In one embodiment, a mobile terminal of a Wireless 
communication system can determine (e.g., measure, com 
pute, etc.) the capacity-based effective SNR of a forWard link 
signal. For example, the mobile terminal can determine the 
constrained effective SNR of its forWard link channel using 
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pilot/data symbols and convey this SNR back to the base 
station. Since different modulation schemes can be utilized 
for forward link transmission and the mobile terminal may be 
unaWare of Which scheme is being utilized, the mobile termi 
nal can determine an unconstrained effective SNR instead of 
the constrained effective SNR. In order to minimize transmis 
sion overhead, the mobile terminal can quantize the effective 
SNR to a small number of values, Which may (e. g., uniform 
quantization) or may not (e.g., non-uniform quantization) be 
equally spaced. In addition, the mobile terminal can employ a 
suitable averaging ?lter When determining the effective SNR. 
[0011] In another embodiment, a base station of a Wireless 
communication system can determine the capacity-based 
effective SNR. For example, the base station can determine 
the effective SNR from a transmission from a mobile termi 
nal. Such determination can be performed even When the 
mobile terminal sporadically transmits data. Similar to the 
mobile terminal, the base station can employ various averag 
ing ?lters in connection With determining the effective SNR. 
The base station can selectively choose an averaging ?lter 
based on a purpose (e.g., scheduling, poWer control and data 
rate, as described beloW), an SNR accuracy, and a frequency 
at Which the base station desires to respond to the instanta 
neous fade realization. 

[0012] The base station can utilize the effective SNR to 
schedule transmissions from the mobile terminal, transmit 
poWer control commands to the mobile terminal, and deter 
mine the data rate supported by the mobile terminal, for 
example. Scheduling transmissions can include rendering 
scheduling decisions for multi-user diversity, for example, 
scheduling a given user When an associated channel condition 
is favorable in order to maximize system capacity. Transmit 
ting poWer control commands can include adjusting poWer to 
a mobile terminal in order to achieve a desired channel quality 
(in terms of SNR) at a succeeding transmission. Determining 
a supporting rate can include predicting a supporting rate 
based on a modulation scheme and code rate. 

[0013] It is to be appreciated that if the communication 
system utilizes a reuse scheme in Which different portions of 
the spectrum (commonly referred to as reuse sets) have dif 
ferent channel qualities, the mobile terminal can transmit 
Channel Quality Control Indicators (CQIs) for each of the 
different reuse sets, the last reuse set utilized, or the best reuse 
set. In addition, When interference poWer varies sloWer than 
channel poWer, an effective “C” measurement can be 
obtained at a fast rate and several effective “I” measurements 
can be obtained at a loWer rate in order to conserve reverse 
link bandWidth. An effective “C” measurement is an effective 
SNR computation using a measured channel (C) value and a 
nominal interference (I) value, and an effective “I” measure 
ment is an effective SNR computation using a measured 
interference (I) value and a nominal channel (C) value. More 
over, an effective “C/Average I” measurement can be utilized 
When it is determined that an average interference poWer over 
the modulation symbols, rather than an interference poWer 
measurement for individual modulation symbols, is desired. 
The effective “C/Average I” measurement is an effective SNR 
computation utilizing actual channel values for each modu 
lation symbol and the average interference value. 
[0014] In other embodiments, systems and methods that 
facilitate Wireless communication are illustrated. In one 
instance, a method is provided that includes receiving infor 
mation associated With a forWard link at a mobile terminal, 
the information includes channel related information and 
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poWer related information, determining an effective SNR 
from the received information, conveying the effective SNR 
to a base station, and utilizing the effective SNR to facilitate 
Wireless communication. In another instance, a method is 
provided that includes obtaining reverse link channel and 
interference poWer variations at a base station, computing a 
capacity-based effective SNR from the received information, 
and utilizing the capacity-based effective SNR to facilitate 
Wireless communication. In yet another instance, a system is 
provided that includes a ?rst component that determines a 
capacity based effective signal-to-noise ratio (SNR) and a 
second component that employs the effective SNR to facili 
tate scheduling transmissions, providing poWer control com 
mands and/or predicting a transmission supporting rate. 
[0015] Various aspects and embodiments are described in 
further detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs an exemplary measurement system 
that determines performance metrics that facilitate Wireless 
communication; 
[0017] FIG. 2 shoWs an exemplary measurement system 
that determines an effective SNR performance metric; 
[0018] FIG. 3 shoWs an exemplary measurement system 
that employs a quantizer and/ or various ?lters to determine an 
effective SNR; 
[0019] FIG. 4 shoWs an exemplary measurement system 
that approximates an effective SNR; 
[0020] FIG. 5 shoWs an exemplary floW diagram for deter 
mining a performance metric at a mobile terminal and utiliz 
ing the metric at a base station to facilitate Wireless commu 

nication; 
[0021] FIG. 6 shoWs an exemplary ?oW diagram for deter 
mining and utilizing a performance metric at a base terminal 
to facilitate Wireless communication; 
[0022] FIG. 7 shoWs an exemplary ?oW diagram for utiliz 
ing a performance metric at a base terminal to facilitate Wire 
less communication; 
[0023] FIG. 8 shoWs an exemplary Wireless communica 
tion system With a plurality of base stations and mobile ter 
minals; 
[0024] FIG. 9 shoWs an exemplary subband structure; 
[0025] FIG. 10 shoWs an exemplary Wireless communica 
tion system; 
[0026] FIG. 11 shoWs an exemplary base station; and 
[0027] FIG. 12 shoWs an exemplary mobile terminal. 

DETAILED DESCRIPTION 

[0028] The techniques described herein can be utilized in 
connection With forWard and reverse links of various devices 
to facilitate Wireless communication. A forWard link (or 
doWnlink) generally refers to communication from a base 
station to a mobile terminal, and a reverse link (or uplink) 
generally refers to communication from a mobile terminal to 
a base station. A typical base station is a multi-channel tWo 
Way radio residing at a ?xed location, and a typical mobile 
terminal (e.g., a mobile phone, portable phone, Wireless 
phone, cell phone, etc.) is a single-channel tWo-Way radio that 
communicates With a base station or other mobile terminals 
through a base station through radio-frequency (RE). The 
techniques provide for determining a capacity-based effec 
tive signal-to-noise ratio (SNR) at a mobile terminal and/ or a 
base station and utilizing the effective SNR to facilitate 
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scheduling transmissions from the mobile terminal, transmit 
ting power control commands to the mobile terminal, and 
determining a supporting data for the mobile terminal, for 
example. The techniques can be utiliZed With OFDMA, 
OFDM, FDMA, FDM, TDMA CDMA, and the like. 
[0029] FIG. 1 shoWs a performance metric generating sys 
tem 100 of a Wireless communication system. The system 100 
includes an interface component 110 and a measurement 
component 120. The interface component 110 is an interface 
that can be utiliZed to couple the measurement component 
120 to a base station (not shoWn) or a mobile terminal (not 
shoWn). For example, the interface component 110 can be 
utiliZed to obtain information related to and/ or characteristics 
of a forWard link from a base station to a mobile terminal. The 
interface component 110 can convey the information/charac 
teristics to the measurement component 120, Which can uti 
liZe it to generate an associated performance metric. Such 
metric can be conveyed back to the base station through the 
interface component 110 and be utiliZed to facilitate commu 
nication With the mobile terminal. 
[0030] In another embodiment, the interface component 
110 can be utiliZed by a base station to obtain information 
related to and/or characteristics of a reverse link betWeen the 
base station and a mobile terminal. In addition, the interface 
component 110 can convey the related information and/or 
characteristics to the measurement component 120, Which 
can utiliZe such information to determine an associated per 
formance metric that can be employed to improve communi 
cation With the mobile terminal. It is to be appreciated that the 
performance metric can be a signal-to-noise ratio (SNR) such 
as a capacity-based effective SNR or an approximation 
thereof. The base station can utiliZe such SNR to facilitate 
scheduling transmissions from the mobile terminal, transmit 
ting poWer control commands to the mobile terminal, and 
determining the data rate supported by the mobile terminal, as 
described in detail beloW. 

[0031] FIG. 2 shoWs a performance metric generating sys 
tem 200 that generates a SNR metric for a Wireless commu 
nication system. The system 200 includes the interface com 
ponent 110 and the measurement component 120 as 
described in connection With system 100 of FIG. 1 The sys 
tem 200 further comprises a SNR generating component 210. 
As depicted, the SNR generating component 210 can be 
located Within the measurement component 120; hoWever, it 
is to be appreciated that this component can be a different 
component (separate therefrom) and/ or the same component. 
Thus, this example is illustrative and not limitative. The SNR 
generating component 210 can utiliZe the information (e.g., 
channel variations, interference poWer variations, etc.) con 
veyed through the interface component 110 to determine an 
associated SNR. In one embodiment, the computed SNR is a 
capacity based effective SNR. For example, Equation 1 beloW 
or variants thereof can be utiliZed to compute an effective 
SNR for a set of modulation symbols spanning a codeWord in 
the presence of channel and interference poWer variations. 

1 N Equationl 

C(SNREF) = W2 C(SNRi); 
[:1 

Wherein, SNRe?:C_l(l/N . . . ), SNRZ- is the SNR of the ith 
modulation symbol and C( ) is the constrained capacity func 
tion corresponding to the modulation scheme. 
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[0032] The effective SNR can be useful for purposes of rate 
prediction, poWer control, etc. because it accurately predicts 
the performance of several coding schemes, including Turbo 
and LoW Density Parity Check (LDPC) codes. For rate pre 
diction, the received effective SNR can be compared to a set 
of thresholds corresponding to different packet formats to 
determine Which packet can be decoded. An up command can 
be sent if the received effective SNR is less than a target 
effective SNR, and a doWn command can be sent otherWise. 

[0033] It is to be appreciated that in various embodiments 
the effective SNR computation can include a backoff (Which 
accounts for quantities such coding loss, etc.) as part of the 
capacity formula. For example, in Equation 1 above, C(SNRZ) 
can be replaced by C(SNRi/backoff) to render Equation 2 
beloW. 

1 N EquationZ 

Z C(SNRi/backoff). 
[:1 

The effective SNR computation can also be suitably modi?ed 
for use in different systems. For example, in an equaliZed 
single-carrier system, SNR,- Would be the SNR at the output of 
the equaliZer. In a Rake based system, SNRZ- Would be the 
SNR after Rake despreading. In general, the SNR of the 
modulation symbol typically is used at the input of the 
decoder, after the detection stage. 
[0034] As noted above, a base station and/or a mobile ter 
minal of the Wireless communication system can employ the 
SNR generating component 210 to determine the capacity 
based effective SNR. In one instance, the effective SNR can 
be the measure of a constrained effective SNR of the forWard 
link channel using pilot/ data symbols. Since different modu 
lation schemes (e.g., QAM, PSK, etc.) can be utiliZed for 
forWard link transmission and the mobile terminal may be 
unaWare of Which scheme is being utiliZed, the SNR gener 
ating component 210 can instead be utiliZed to compute an 
unconstrained effective SNR. When the base station utiliZes 
the SNR generating component 210, the base station can 
measure the effective SNR from a transmission from a mobile 
terminal even When the mobile terminal sporadically trans 
mits data. 
[0035] The effective SNR computed by the SNR generating 
component 210 can be utiliZed by the base station to, among 
other things, facilitate scheduling transmissions from the 
mobile terminal, transmitting poWer control commands to the 
mobile terminal, and determine the data rate supported by the 
mobile terminal. In general, scheduling transmissions refers 
to making scheduling decisions to achieve multi-user diver 
sity. For example, such scheduling can be associated With 
scheduling a mobile terminal transmission When an associ 
ated channel condition is favorable in order to maximiZe 
system capacity. Transmitting poWer control commands typi 
cally includes adjusting poWer to a mobile terminal to achieve 
a desired channel quality in terms of SNR and at a succeeding 
transmission. Determining a rate generally entails predicting 
a supporting rate, based on a combination of a modulation 
scheme and code rate for the mobile terminal. The mobile 
terminal itself can also predict the rate it can support and 
transmit it to the base station, using the measured effective 
SNR. 

[0036] If the Wireless communication system employs a 
reuse scheme in Which different portions of a spectrum, or 
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reuse sets, have different channel qualities, the mobile termi 
nal can transmit Channel Quality Indicators (CQIs) for each 
of the different reuse sets, the last reuse set utilized, and/ or the 
best reuse set. In addition, When interference poWer varies 
sloWer than channel poWer, an effective “C” measurement 
can be obtained at a fast rate and several effective “I” mea 
surements can be obtained at a loWer rate in order to conserve 
reverse link bandWidth. In general, an effective “C” measure 
ment refers to computing an effective SNR as a function of a 
measured channel (C) value and a nominal interference (I) 
value. An effective “I” measurement refers to computing an 
effective SNR as a function of a measured interference (I) 
value and a nominal channel (C) value. An effective “C/Av 
erage I” measurement can be a better predictor of code per 
formance, for example, When only the average interference is 
being estimated by a receiver. The effective “C/Average I” 
measurement generally refers to computing an effective SNR 
as a function of actual channel values for each modulation 
symbol and an average interference value. Equation 3 beloW 
illustrates a variation of the above equations that can be uti 
lized to compute an effective “C/I” based SNR. 

Wherein SNR,- is given by lhilz/N 0,1. and is the channel seen 
by the ith modulation symbol, and NO’,- is the interference 
poWer seen by the ith modulation symbol. An effective 
“C/Average I” based SNR can be computed as a function of 
Equation 4. 

Wherein SNR,- is given by IhiIZ/NO and NO is the average inter 
ference poWer seen by all the symbols (e. g., NOII/N sum(NO, 
1)). 
[0037] FIG. 3 illustrates a performance metric generating 
system 300 that employs a quantizer and various ?lters to 
enhance performance Within a Wireless communication sys 
tem. The system 300 includes the interface component 110, 
the measurement component 120 and the SNR generating 
component 210 that compute performance metrics, such as a 
capacity-based effective SNR (e.g., Equation 1 as described 
With FIG. 2), for example, from information related to and/or 
characteristics of a forWard and/or a reverse link betWeen a 
base station and a mobile terminal of the Wireless communi 
cation system. The system 300 further includes a quantizer 
310, Which canbe utilized to discretize the effective SNR. For 
example, the effective SNR can be quantized to a relatively 
small number of values. In addition, the quantization can be 
uniform, Wherein symbols are equally spaced, or non-uni 
form, Wherein symbols are not equally spaced. Such quanti 
zation can facilitate minimizing transmission overhead. 
[0038] The system 300 also includes a ?lter bank 320 that 
stores various ?lters that can be utilized to facilitate determin 
ing the effective SNR. Such ?lters can be utilized by the 
mobile terminal and/or the base station. For example, When 
the mobile terminal determines the effective SNR, the mobile 
terminal can obtain a suitable ?lter from the ?lter bank 320 
and utilize the ?lter When computing the effective SNR. Like 
Wise, When the base station determines the effective SNR, the 
base station can obtain a suitable ?lter from the ?lter bank 320 
and utilize the ?lter When computing the effective SNR. In 
addition, the base station can further ?lter an effective SNR 
obtained from the mobile terminal. The ?lter selected can be 
based on criteria such as purpose (e.g., scheduling, poWer 
control and data rate, as described herein), accuracy, and 
frequency (e.g., Doppler) at Which the base station desires to 
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respond to the instantaneous fade realization. In one embodi 
ment, the ?lter utilized by the mobile terminal and/or base 
station is an averaging ?lter. A short ?lter can improve time 
liness While a long ?lter can improve accuracy. 

[0039] Upon determining the effective SNR, the base sta 
tion can employ it to facilitate scheduling transmissions from 
the mobile terminal, transmitting poWer control commands to 
the mobile terminal, and determining the data rate supported 
by the mobile terminal, as described previously. 
[0040] FIG. 4 illustrates a performance metric generating 
system 400 that approximates an effective SNR metric for 
Wireless communication performance. The system 400 
includes the interface component 110 and the measurement 
component 120. The measurement component 120 includes 
the SNR generating component 210, the quantizer 310, and 
the ?lter bank 320. The measurement component 120 further 
includes an SNR approximating component 410, Which can 
additionally or alternatively be utilized to determine an effec 
tive SNR. As noted above, the SNR generating component 
210 can be utilized to compute a capacity-based effective 
SNR and approximations thereof can be utilized. The SNR 
approximating component 410 can compute such approxima 
tions. One suitable approximation is the unconstrained Gaus 
sian capacity (e. g., assuming Additive White Gaussian Noise 
(AWGN)). A further simpli?cation Would be to approximate 
the unconstrained capacity, or log(l+SNR) by log(SNR). 
Under this formulation, the capacity-based effective SNR 
becomes a geometric mean of individual SNRs. It is to be 
appreciated that this capacity-based effective SNR can be 
utilized With non-Gaussian channels by adapting the capacity 
function to the channel of interest. 

[0041] FIG. 5 shoWs a How diagram of a process 500 for 
determining a performance metric at a mobile terminal and 
utilizing the performance metric to facilitate Wireless com 
munication. As previously noted, an (capacity-based) effec 
tive signal-to-noise ratio (SNR) performance metric provides 
for good prediction of turbo code performance and, thus, can 
be utilized, as described herein, to improve Wireless commu 
nication. For example, When channel and interference poWer 
varies over a duration of a single codeWord, the error prob 
ability of that codeWord can be accurately predicted by the 
capacity-based effective SNR of a set of modulation symbols 
spanning that codeWord. In addition, the capacity-based 
effective SNR (e.g., constrained, unconstrained, approxi 
mated, etc.) can be utilized by a base station to facilitate 
scheduling transmissions from the mobile terminal, transmit 
ting poWer control commands to the mobile terminal, and 
determining the data rate supported by the mobile terminal, 
for example. 
[0042] In one embodiment, a mobile terminal of the Wire 
less communication system can determine (e.g., measure, 
compute, etc.) the effective SNR and convey the SNR to the 
base station. In order to determine the SNR, the mobile ter 
minal can obtain communications information through a for 
Ward link (block 510), for example, using pilot and/or data 
symbols. Such information can include channel and/or inter 
ference poWer variations and can be utilized to determine the 
effective SNR (block 520). It is to be appreciated that the 
effective SNR can be a constrained SNR. HoWever, the 
embodiments described herein are not so limited. For 
example, since different modulation schemes can be utilized 
for forWard link transmission and the mobile terminal may be 
unaWare of Which scheme is being utilized, the mobile termi 
nal can measure an unconstrained effective SNR. In addition, 



US 2010/0029265 A1 

approximations can be utilized if necessary or desired. One 
suitable approximation is an unconstrained Gaussian capac 
ity function (e.g., assuming AWGN). A further simpli?cation 
Would be to approximate the unconstrained capacity, or log 
(1+SNR) by log(SNR), Wherein the capacity-based effective 
SNR becomes the geometric mean of individual SNRs. It is to 
be appreciated that this capacity-based effective SNR can 
also be utilized With non-Gaussian channels. 
[0043] When interference poWer varies sloWer than chan 
nel poWer, an effective “C” measurement can be obtained at a 
fast rate and several effective “I” measurements can be 
obtained at a loWer rate in order to conserve reverse link 
bandWidth. An effective “C” measurement is an effective 
SNR computation using a measured channel (C) value and a 
nominal interference (I) value, and an effective “I” measure 
ment is an effective SNR computation using a measured 
interference (I) value and a nominal channel (C) value. An 
effective “C/Average I” measurement can be utilized When it 
is determined that an average interference poWer over the 
modulation symbols is desired instead of an interference 
poWer measurement for individual modulation symbols. The 
effective “C/Average I” measurement is an effective SNR 
computation utilizing actual channel values for each modu 
lation symbol and the average interference value. If the Wire 
less communication system utilizes a reuse scheme in Which 
different portions of a spectrum have different channel quali 
ties, the mobile terminal can transmit Channel Quality Con 
trol Indicators (CQIs) for each of the different reuse sets, the 
last reuse set utilized, and/or the best reuse set. 

[0044] The mobile terminal, upon determining the effective 
SNR, can convey it to a base station (block 530). It is to be 
appreciated that prior to conveyance, the effective SNR can 
be quantized and/or various ?lters can be employed to facili 
tate determining the effective SNR. For example, the effective 
SNR can be quantized to a predetermined set of values. This 
set of values can be uniform, Wherein symbols are equally 
spaced, or non-uniform, Wherein symbols are not equally 
spaced. Such quantization can facilitate minimizing trans 
mission overhead from mobile terminal to base station. Fil 
ters can be utilized While determining the effective SNR. One 
suitable ?lter is an averaging ?lter that is utilized to compute 
an average effective SNR. A short ?lter can improve timeli 
ness While a long ?lter can improve accuracy. 

[0045] The base station can utilize the effective SNR to 
facilitate Wireless communication (block 540). By Way of 
example, the effective SNR can be utilized to schedule trans 
missions from the mobile terminal, transmit poWer control 
commands to the mobile terminal, and determine the data rate 
supported by the mobile terminal, for example. Scheduling 
transmissions includes rendering scheduling decisions so as 
to achieve multi-user diversity, Which can be considered a 
technique to schedule a given user When an associated chan 
nel condition is favorable in order to maximize system capac 
ity. Transmitting poWer control commands can include 
adjusting poWer to a mobile terminal in order to achieve a 
desired channel quality in terms of SNR and at a succeeding 
transmission. Determining a supporting rate can include pre 
dicting rate in order to determine a combination of modula 
tion scheme and code rate for the mobile terminal. 

[0046] FIG. 6 shoWs a How diagram of a process 600 for 
determining and utilizing a performance metric such as an 
effective SNR at a base station to facilitate Wireless commu 
nication. In order to determine the SNR, the base station can 
obtain communications information through a reverse link 
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With a mobile terminal (block 610). Such information can 
include, but is not limited to, channel variations and interfer 
ence poWer variations, for example. 
[0047] The base station can utilize this information to 
determine the effective SNR for a transmission from the 
mobile terminal (block 620). It is to be appreciated that such 
determination can be performed even When the mobile termi 
nal sporadically transmits data. Similar to a mobile terminal 
the base station can measure a constrained, unconstrained 
and/or approximated effective SNR. One suitable approxima 
tion is an unconstrained Gaussian capacity function (e.g., 
assuming AWGN), and a further simpli?cation Would be to 
approximate the unconstrained capacity. Moreover, an effec 
tive “C,” an effective “I,” and/ or an effective “C/Average I,” as 
described herein, can be utilized in various embodiments. 
Similar to the mobile terminal, the base station can employ 
various ?lters in connection With determining the effective 
SNR. Such ?lters can be chosen based on a particular purpose 
(e.g., scheduling, poWer control and data rate, as described 
beloW), a desired SNR accuracy, and a frequency at Which the 
base station desires to respond to the instantaneous fade real 
ization. 

[0048] The base station can utilize the effective SNR to 
facilitate Wireless communication (block 630). As previously 
noted, an effective signal-to-noise ratio (SNR) provides for 
good prediction of turbo code performance and can improve 
Wireless communication. In one embodiment, the effective 
SNR can be utilized to schedule transmissions from the 
mobile terminal, transmit poWer control commands to the 
mobile terminal, and determine the data rate supported by the 
mobile terminal, for example. Scheduling transmissions 
includes rendering scheduling decisions so as to achieve 
multi-user diversity, Which can be considered a technique to 
schedule a given user When an associated channel condition is 
favorable in order to maximize system capacity. In another 
embodiment, the effective SNR can be utilized to facilitate 
poWer control through transmitting poWer control commands 
that adjust poWer to the mobile terminal to achieve a desired 
channel quality for a succeeding transmission. In another 
embodiment, the effective SNR can be utilized to predict a 
supporting rate for a mobile terminal based on a modulation 
scheme and/or code rate. 

[0049] FIG. 7 shoWs a How diagram of a process 700 for 
utilizing a performance metric at a base station to facilitate 
Wireless communication. As described in connection With 
FIG. 5, a mobile terminal can determine an effective SNR 
based on information obtained from a forWard link With a 
base station. This effective SNR can be quantized and/or 
?ltered and conveyed to the base station (Block 710). Upon 
receiving the effective SNR, the base station can further ?lter 
the effective SNR (Block 720). As noted in connection With 
FIG. 6, the ?lter(s) utilized can be selected based on a par 
ticular purpose, such as scheduling, poWer control and data 
rate, for example, a desired SNR accuracy, and a frequency at 
Which the base station desires to respond to the instantaneous 
fade realization. In one embodiment, an averaging ?lter such 
as a short ?lter can be selected and utilized to compute an 
average effective SNR that can improve timeliness. In another 
example, a long ?lter can be utilized to improve accuracy. The 
base station can utilize the effective SNR to improve Wireless 
communication (block 73 0), for example, to facilitate sched 
uling, poWer control and/or predicting supporting rates, as 
described herein. 
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[0050] FIG. 8 shows an exemplary Wireless communica 
tion system 800. The system 800 includes N base stations 
8101, 8102, 8103, 8104, 8105, 8106, 810N, wherein N is an 
integer equal to or greater than one, distributed therein. It is to 
be appreciated that the N base stations 8101, 8102, 8103, 8104, 
8105, 8106, 810N can be collectively referred to as base sta 
tions 810. A typical base station generally is a ?xed station 
and can be referred to as an access point, a transmitter, and the 
like. Neighboring base stations may broadcast substantially 
similar or different content. The system 800 further includes 
M Wireless devices 8201, 8202, 8203, 8204, 8205, 8206, 8207, 
8208, 8209, 82010, 82011, 82012, 82013, 82014, 820M, Wherein 
M is an integer equal to or greater than one, distributed across 
(e. g., Within one or more) coverage areas of the base stations 
810. It is to be appreciated that the M Wireless devices 8201, 
8202, 8203, 8204, 8205, 8206, 8207, 8208, 8209, 82010, 82011, 
82012, 82013, 82014, 820M, can be collectively referred to as 
Wireless devices 820. 

[0051] As depicted, a Wireless device can be ?xed or mobile 
and can be referred to as a mobile terminal, a user terminal, a 
mobile station, user equipment, and the like. In addition, a 
Wireless device can be a portable unit such as a cellular phone, 
a handheld device, a Wireless module, a personal digital assis 
tant (PDA), and the like. In general, respective base stations 
810 can concurrently and/or serially broadcast one or more 
data streams to any or all of the Wireless devices Within an 
associated coverage area. Such data streams can be for mul 
timedia content such as video, audio, tele-text, data, video/ 
audio clips, etc. For example, a single multimedia (e.g., tele 
vision) program can be sent in three separate data streams for 
video, audio, and data. In another example, a single multime 
dia program can have multiple audio data streams, for 
example, respective streams for different languages. Indi 
vidual data streams can be sent on a similar or separate physi 
cal layer channel. 
[0052] FIG. 9 shoWs an exemplary subband structure 900 
that can be utiliZed for an OFDM system. In this example, the 
OFDM system has an overall system bandWidth of BW MHZ, 
Which is partitioned into N orthogonal subbands using 
OFDM. Each subband has a bandWidth of BW/N MHZ. In a 
spectrally shaped OFDM system, only M of the N total sub 
bands are used for data/pilot transmission, Wherein M<N. 
The remaining N-M subbands are not used for data/pilot 
transmission and serve as guard subbands to alloW the OFDM 
system to meet spectral mask requirements. The M usable 
subbands include subbands F through F+M—l and are typi 
cally centered among the N total subbands. The N subbands 
of the OFDM system may experience different channel con 
ditions (e.g., different fading and multipath effects) and may 
be associated With different complex channel gains. An accu 
rate estimate of the channel response is normally needed to 
process (e.g., demodulate and decode) data at a receiver. 
[0053] The Wireless channel in the OFDM system may be 
characterized by either a time-domain channel impulse 
response or a corresponding frequency-domain channel fre 
quency response. As used herein, and Which is consistent With 
conventional terminology, a “channel impulse response” is a 
time-domain response of the channel, and a “channel fre 
quency response” is a frequency-domain response of the 
channel. The channel frequency response is the discrete Fou 
rier transform (DFT) of the channel impulse response. 
[0054] The impulse response of the Wireless channel can be 
characterized by L taps, Where L is typically much less than 
the number of total subbands (L<N). That is, if an impulse is 
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applied to the Wireless channel by the transmitter, then L 
time-domain samples (at the sample rate of BW MHZ) Would 
be su?icient to characteriZe the response of the Wireless chan 
nel based on this impulse stimulus. The number of taps (L) for 
the channel impulse response is dependent on the delay 
spread of the system, Which is the time difference betWeen the 
earliest and latest arriving signal instances of suf?cient 
energy at the receiver. A longer delay spread corresponds to a 
larger value for L, and vice versa. The vector utiliZed can 
include one non-Zero entry for each tap of the channel 
impulse response. For a delay spread of L, the ?rst L entries 
of the vector may contain non-Zero values and the N-L 
remaining entries are all Zeros. 

[0055] FIG. 10 shoWs an exemplary Wireless communica 
tion system 1000. The Wireless communication system 1000 
depicts one base station and one terminal for sake of brevity. 
HoWever, it is to be appreciated that the system can include 
more than one base station and/or more than one terminal, 
Wherein additional base stations and/ or terminals can be sub 
stantially similar or different for the exemplary base station 
and terminal described beloW. In addition, it is to be appreci 
ated that the base station and/or the terminal can employ the 
systems (FIGS. 1-4) and/or methods (FIGS. 5-7) described 
herein to facilitate Wireless communication therebetWeen. 

[0056] Referring noW to FIG. 10, on a doWnlink, at access 
point 1005, a transmit (TX) data processor 1010 receives, 
formats, codes, interleaves, and modulates (or symbol maps) 
traf?c data and provides modulation symbols (“data sym 
bols”). An OFDM modulator 1015 receives and processes the 
data symbols and pilot symbols and provides a stream of 
OFDM symbols. An OFDM modulator 1020 multiplexes data 
and pilot symbols on the proper subbands, provides a signal 
value of Zero for each unused subband, and obtains a set of N 
transmit symbols for the N subbands for each OFDM symbol 
period. Each transmit symbol may be a data symbol, a pilot 
symbol, or a signal value of Zero. The pilot symbols may be 
sent continuously in each OFDM symbol period. Altema 
tively, the pilot symbols may be time division multiplexed 
(TDM), frequency division multiplexed (FDM), or code divi 
sion multiplexed (CDM). OFDM modulator 1020 can trans 
form each set of N transmit symbols to the time domain using 
an N-point IFFT to obtain a “transformed” symbol that con 
tains N time-domain chips. OFDM modulator 1020 typically 
repeats a portion of each transformed symbol to obtain a 
corresponding OFDM symbol. The repeated portion is 
knoWn as a cyclic pre?x and is used to combat delay spread in 
the Wireless channel. 

[0057] A transmitter unit (TMTR) 1020 receives and con 
verts the stream of OFDM symbols into one or more analog 
signals and further conditions (e.g., ampli?es, ?lters, and 
frequency upconverts) the analog signals to generate a doWn 
link signal suitable for transmission over the Wireless chan 
nel. The doWnlink signal is then transmitted through an 
antenna 1025 to the terminals. At terminal 1030, an antenna 
1035 receives the doWnlink signal and provides a received 
signal to a receiver unit (RCVR) 1040. Receiver unit 1040 
conditions (e.g., ?lters, ampli?es, and frequency doWncon 
verts) the received signal and digitiZes the conditioned signal 
to obtain samples. An OFDM demodulator 1045 removes the 
cyclic pre?x appended to each OFDM symbol, transforms 
each received transformed symbol to the frequency domain 
using an N-point FFT, obtains N received symbols for the N 
subbands for each OFDM symbol period, and provides 
received pilot symbols to a processor 1050 for channel esti 
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mation. OFDM demodulator 1045 further receives a fre 
quency response estimate for the doWnlink from processor 
1050, performs data demodulation on the received data sym 
bols to obtain data symbol estimates (Which are estimates of 
the transmitted data symbols), and provides the data symbol 
estimates to an RX data processor 1055, Which demodulates 
(i.e., symbol demaps), deinterleaves, and decodes the data 
symbol estimates to recover the transmitted tra?ic data. The 
processing by OFDM demodulator 1045 and RX data pro 
cessor 1055 is complementary to the processing by OFDM 
modulator 1015 and TX data processor 1010, respectively, at 
access point 1000. 

[0058] On the uplink, a TX data processor 1060 processes 
tra?ic data and provides data symbols. An OFDM modulator 
1065 receives and multiplexes the data symbols With pilot 
symbols, performs OFDM modulation, and provides a stream 
of OFDM symbols. The pilot symbols may be transmitted on 
subbands that have been assigned to terminal 1030 for pilot 
transmission, Where the number of pilot subbands for the 
uplink may be the same or different from the number of pilot 
subbands for the doWnlink. A transmitter unit 1070 then 
receives and processes the stream of OFDM symbols to gen 
erate an uplink signal, Which is transmitted by the antenna 
1035 to the access point 1010. 

[0059] At access point 1010, the uplink signal from termi 
nal 1030 is received by the antenna 1025 and processed by a 
receiver unit 1075 to obtain samples. An OFDM demodulator 
1080 then processes the samples and provides received pilot 
symbols and data symbol estimates for the uplink. An RX 
data processor 1085 processes the data symbol estimates to 
recover the tra?ic data transmitted by terminal 1035. A pro 
cessor 1090 performs channel estimation for each active ter 
minal transmitting on the uplink. Multiple terminals may 
transmit pilot concurrently on the uplink on their respective 
assigned sets of pilot subbands, Where the pilot subband sets 
may be interlaced. 

[0060] Processors 1090 and 1050 direct (e.g., control, coor 
dinate, manage, etc.) operation at access point 1010 and ter 
minal 1035, respectively. Respective processors 1090 and 
1035 can be associated With memory units (not shoWn) that 
store program codes and data. Processors 1090 and 1050 can 
also perform computations to derive frequency and impulse 
response estimates for the uplink and doWnlink, respectively. 
[0061] For a multiple-access OFDM system (e.g., an 
orthogonal frequency division multiple-access (OFDMA) 
system), multiple terminals may transmit concurrently on the 
uplink. For such a system, the pilot subbands may be shared 
among different terminals. The channel estimation tech 
niques may be used in cases Where the pilot subbands for each 
terminal span the entire operating band (possibly except for 
the band edges). Such a pilot subband structure Would be 
desirable to obtain frequency diversity for each terminal. The 
techniques described herein may be implemented by various 
means. For example, these techniques may be implemented in 
hardWare, softWare, or a combination thereof. For a hardWare 
implementation, the processing units used for channel esti 
mation may be implemented Within one or more application 
speci?c integrated circuits (ASlCs), digital signal processors 
(DSPs), digital signal processing devices (DSPDs), program 
mable logic devices (PLDs), ?eld programmable gate arrays 
(FPGAs), processors, controllers, micro-controllers, micro 
processors, other electronic units designed to perform the 
functions described herein, or a combination thereof. With 
softWare, implementation can be through modules (e.g., pro 
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cedures, functions, and so on) that perform the functions 
described herein. The softWare codes may be stored in 
memory unit and executed by the processors 1090 and 1035. 
[0062] FIG. 11 shoWs a block diagram of an exemplary 
base station 1100. At the base station 1100, a transmit (TX) 
data processor 1105 receives one or more data streams from 
one or more data sources 1110, e.g., multiple data sources for 
different services. The TX data processor 1105 processes 
respective data stream in accordance With a mode selected for 
that stream to generate a corresponding data symbol stream 
and provides the data symbol streams to a symbol multiplexer 
(Mux)/channeliZer 1120. The TX data processor 1105 also 
receives overhead data from a controller 1125, processes the 
overhead data in accordance With the mode used for overhead 
data, and provides an overhead symbol stream to the chan 
neliZer 1120. In general, an overhead symbol is a modulation 
symbol for overhead data. 
[0063] The channeliZer 1120 multiplexes the data symbols 
in the data symbol streams onto their assigned transmission 
units, and provides pilot symbols onpilot subbands and guard 
symbols on guard subbands. The channeliZer 1120 further 
multiplexes pilot symbols and overhead symbols in the pilot 
and overhead section preceding associated frames. The chan 
neliZer 1120 provides a composite symbol stream that carries 
data, overhead, pilot, and guard symbols on the proper sub 
bands and symbol periods. A modulator 1130 modulates the 
composite symbol stream and provides a stream of symbols to 
a transmitter unit (TMTR) 1135, Which conditions (e.g., con 
verts to analog, ?lters, ampli?es, and frequency upconverts) 
the symbol stream and generates a modulated signal that is 
transmitted from an antenna 1140. 

[0064] The system 1100 further comprises a measurement 
component 1145. The measurement component 1145 can be 
substantially similar to the measurement components 
described in connection With FIGS. 1-4 and/or employ the 
methods of described in connection With FIGS. 5-7. Thus the 
measurement component 1145 can obtain information related 
to communications from the TMTR 1135, Wherein such 
information can include channel variations and interference 
poWer variations. Received information can be utiliZed to 
determine a performance metric such as a capacity-based 
effective SNR. It is to be appreciated that the SNR can be 
determined even When a transmitting mobile terminal (not 
shoWn) sporadically transmits data to the base station 1100. 
In addition or alternatively, the effective SNR can be com 
puted by a mobile terminal and conveyed to the base station 
1100. 

[0065] The computed SNR can be a capacity-based effec 
tive SNR. Such de?nition can be based on a constrained 
capacity function corresponding to a particular modulation 
scheme or an approximation to the constrained capacity func 
tion, such as an unconstrained Gaussian capacity function. A 
further simpli?cation Would be to approximate the uncon 
strained capacity. The measurement component 1145 can 
employ various ?lters (e.g., averaging) When determining the 
effective SNR and/or for further processing of an effective 
SNR received from a mobile terminal. Such ?lters can be 
chosen for particular purposes, such as scheduling, poWer 
control and predicting data rates, for example, achieving a 
desired SNR accuracy, and a modulating at a desired fre 
quency. 
[0066] As brie?y note above, the effective SNR can be 
utiliZed to schedule transmissions from a mobile terminal, 
transmit poWer control commands to the mobile terminal, and 








