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Abstract: Methods and apparatus for correcting quantization errors in signal reception 
based on estimated network loading including solutions for preserving cellular network 
performance in low noise, high interference environments. In one embodiment, a data 
channel is amplified with respect to other signals based on network load during periods 
of relatively low network utilization. Dynamic modification of the data channel's power 
level is configured to overcome quantization errors, rather than the true noise floor 
(which is insignificant in low noise environments). Such solutions provide both the 
fidelity necessary to enable high degrees of unwanted signaling rejection, while still 
preserving data channel quality. 
 
Keywords: Signal receiving, network load, estimation 
 

1. Introduction 
 
In telecommunications networks, “orthogonality” refers to systems, processes, 
signaling, effects, etc. which exhibit desirable exclusionary properties. Orthogonal 
properties are heavily leveraged in multiple access communication schemes. Consider 
an aggregate signal composed of several orthogonal constituent signals. Ideally, a 
receiver can extract a desired signal from the aggregate signal, and reject the other 
orthogonal constituent signals. In this example, each of the orthogonal constituent 
signals is removable “interference”[1,2].  

For example, CDMA (Code Division Multiple Access) based systems utilize a complex 
series of orthogonal “spreading codes” to distinguish between each data and control 
channel. A CDMA signal can be separated into its constituent channels, ideally without 
interference between the constituent channels (i.e., inter-channel interference or 
ICI)[3].  

In contrast to unwanted orthogonal signaling, true noise is “non-orthogonal” and 
does not exhibit simple exclusionary properties. For example, true noise includes 
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elements such as nearby interfering systems, thermal noise, transmission effects, etc. 
Unlike orthogonal signaling, true noise is largely unpredictable and cannot be removed. 
Generally, true noise must be corrected using error correction techniques, or rendered 
insignificant to the transmitted signal power.  

In typical wireless reception, an RF frontend “conditions” and converts a received RF 
waveform to a digital representation for subsequent demodulation and/or processing. 
Most designs for RF frontends implement signal conditioning stages before 
demodulation and/or processing stages. Also, RF frontends are typically constructed 
around fixed point arithmetic for cost and simplicity reasons (i.e., a fixed number of 
digits are used for operations)[4,5,6].  

Unfortunately, practical design constraints can create artifacts in normal operation. 
For example, in low noise environments, unwanted orthogonal signals can have much 
higher transmission power than the desired signal. These unwanted orthogonal signals 
will dominate the signal conditioning operations. As described in greater detail 
subsequently herein, such conditions can occur when a mobile device is very close to a 
sparsely unoccupied base station (or femtocell). Once the unwanted orthogonal signals 
(such as pilot channels, broadcast channels, etc.) have been removed, the desired 
signal is significantly under-powered, which can create quantization error effects in 
fixed point circuitry. Quantization errors can lead to much higher bit error rates 
(BERs)[7,8].  

Therefore, improved methods and apparatus are needed for handling scenarios 
where large differences are observed between known interference and desired signals. 
Such improved methods and apparatus should ideally facilitate successful decoding of 
signals, regardless of the current cellular conditions. Specifically, new solutions are 
needed for preserving cellular network performance, in low-noise, high-interference 
rejection environments.  

Furthermore, it is additionally recognized that corresponding improvements are 
needed to existing hardware. Ideally, implementation of the aforementioned improved 
methods and apparatus should not require substantial changes to extant transceiver 
hardware or software. The non-ideal behaviors of hardware-specific implementations 
should be accounted for in signal conditioning, demodulation, post-processing, etc. 
 

2. Overview of signal receiving network load estimation 
 
While these embodiments are primarily discussed in the context of a wireless network 
having a CDMA air interface, and more specifically to a UMTS-specific implementation 
thereof, it will be recognized by those of ordinary skill that the present Project is not in 
any way limited to such CDMA networks or to any particular context (such as the 
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aforementioned UMTS specific implementations). In fact, the principles of the present 
project may be readily adapted to any wireless network, even non-cellular networks, in 
which the network load is related to unwanted interference levels, thereby affecting 
the processing of the desired signal[9,10].  

For example, it is appreciated that OFDMA (Orthogonal Frequency Domain Multiple 
Access) based systems must decode the entire radio resource band (including 
unwanted time-frequency resources), to successfully extract the desired 
time-frequency resources. Common implementations of an OFDMA front end utilize a 
large Fast Fourier Transform (FFT)/Inverse Fast Fourier Transform (IFFT) component 
to extract channels of interest. Since all time-frequency resources are transformed 
simultaneously, signal conditioning is performed in aggregate for both desired and 
undesired time-frequency resources[11].  

Exemplary UMTS Network Architecture— 
In the following discussion, a cellular radio system is described that includes a 

network of radio cells each served by a transmitting station, known as a cell site or base 
station (BS). The radio network provides wireless communications service for a 
plurality of user equipment (UE) transceivers. The network of BSs working in 
collaboration allows for wireless service which is greater than the radio coverage 
provided by a single serving BS. The individual BSs are connected by another network 
(in many cases a wired network), which includes additional controllers for resource 
management and in some cases access to other network systems (such as the Internet 
or MANs).  

In a UMTS system, a base station is commonly referred to as a “NodeB”. The UMTS 
Terrestrial Radio Access Network (UTRAN) is the collective body of NodeBs along with 
the UMTS Radio Network Controllers (RNC). The user interfaces to the UTRAN via a UE, 
which in many typical usage cases is a cellular phone or smartphone. However, as used 
herein, the terms “UE”, “client device”, and “end user device” may include, but are not 
limited to, cellular telephones, smartphones (such as for example an iPhone™), 
wireless-enabled personal computers (PCs), such as for example an iMac™, Mac Pro™, 
Mac Mini™ or MacBook™, and minicomputers, whether desktop, laptop, or otherwise, 
as well as mobile devices such as handheld computers, PDAs, wireless personal media 
devices (PMDs), such as for example an iPod™, or any combinations of the 
foregoing[12,13,14]. 
 

3. Exemplary UMTS cellular system 
 
The system  includes one or more base station towers (also known as NodeBs (NBs)), 
that are set at various fixed geographic locations. Such NodeBs may also be generally 
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referred to as a “macrocell”. Each NodeB provides an area of service coverage . The 
network operator manages radio access network operation via a Core Network . The 
unified Core Network provides authentication, accounting, and authorization (AAA) 
services, and in some cases, access to external networks (e.g. such as IP Multimedia 
Subsystems (IMS) services as specified by the 3GPP). A first UE   is shown, operating 
within the coverage of the RAN . FIG. 1 illustrates an exemplary UMTS cellular system  , 
with a focus on the radio access network (RAN). 
 

 
FIG. 1 illustrates an exemplary UMTS cellular system 

 
Furthermore, incipient wireless standards support new network entities commonly 

referred to as “femtocells”; a femtocell provides similar functionality to a macrocell, but 
at a reduced capability and cost, and may be portable versus fixed. Femtocells may be 
purchased by a customer for personal use. The combination of macrocells and 
femtocells provides a seamless cohesive service from a network operator. Within the 
UMTS network, femtocells are generally referred to as Home NodeBs (HNBs)  and have 
corresponding coverage areas.  

Each of the cells (macrocells and femtocells where present) are directly coupled to 
the Core Network  e.g., via broadband access. Additionally, in some networks, the cells 
may coordinate with one another, via secondary access. In the illustrated RAN of FIG. 
1, the femtocells are connected to the Core Network, but are not linked to the other 
cells of the network. Unlike the broader coverage of the macrocells, a femtocell is 
generally focused on improving service to a few subscribers. Accordingly, femtocells 
may have settings and limitations which are not applicable for the general population. 
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Such non-standard settings are generally disclosed, at least in part, within the pilot 
channel public broadcasts. Consequently, the macrocells and the femtocells may have 
different pilot channel powers, payloads, and operation.  

While the following discussions are presented in terms of the downlink path from the 
NodeB   to the UE  , it is appreciated that analogous processes and structures can be 
readily implemented within the uplink path (from the UE to the NodeB) by one of 
ordinary skill in the art, given the contents of the present disclosure.  
 

3.1 Common Pilot Channel (CPICH) and Dedicated Physical Channel (DPCH)— 
 

The UMTS network utilizes a Common Pilot Channel (CPICH) to provide all user 
equipment (UE) with a common synchronization signal. Generally, pilot channels are 
used for, inter alia, initial “wake-up” and search, estimating potential base station (BS) 
service reception for handover (i.e. hand-off), etc. Various approaches to pilot channel 
operation are evidenced throughout the prior art. For example, in Interim Standard 95 
(IS-95, CDMA), pilot channel measurements are used by mobile devices to initially 
determine the existence of base stations, and/or support multipath compensation.  

The importance of the CPICH to network management and network discovery 
warrants a disproportionate share of NodeB   transmit resources. In extreme cases, the 
UMTS CPICH transmit power can exceed one-fifth (20%) of the total NodeB transmit 
power. The high power of the CPICH ensures that terminal equipment within the 
coverage area (even at the very edges)   can receive synchronization information. More 
generally, common “control” channels are the most robust and simplest coded 
channels of the network.  

The UMTS network also provides Dedicated Physical Channels (DPCH) to provide 
channels for control (Dedicated Physical Control Channel (DPCCH)), and data 
(Dedicated. Physical Data Channel (DPDCH)) messaging devoted to single UEs  . In 
contrast to the CPICH, the DPCH is only received by one recipient UE. Non-recipient 
UEs cannot decode other DPCHs. However, the exclusivity of DPCHs still affects overall 
network efficiency. Each additional DPCH increases the interference experienced by all 
non-recipients. Therefore, network operators generally maximize system operation by 
limiting DPCHs to the minimum power necessary for communicating with the intended 
UE.  
 

3.2 UMTS Power Control— 
 

UEs and NodeBs collaborate to control DPCH power using both open and closed loop 
power control. DPCH target signal quality levels are set and dynamically managed 
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according to existing radio conditions. For example, in noisy radio environments, a 
NodeB boosts DPCH transmit power to improve UE reception. In lower noise 
environments, the DPCH transmit power is lowered. Power control for Dedicated 
Physical Channels (DPCH) is separated into two (2) loops: (i) outer loop power control, 
and (ii) inner loop power control.  

Outer loop power control manages power control for long term variations in the radio 
environment. The HE   and the NodeB   negotiate and manage a target SIR (Signal to 
Interference Ratio) within a Radio Resource Connection (RRC) management protocol. 
The SIR is a predictor of block error ratio (BLER) performance; for example, if the 
received SIR is less than the SIR target, then the BLER is generally poor. The UE and 
NodeB agree on a SIR target based on the BLER of a reference physical channel 
(DPCH). Within the reference physical channel, there can be one or more transport 
channels. The transport channel requiring the smallest block error rate for acceptable 
quality is the reference for the SIR target. The BLER of the transport channel is the 
number of bit errors within a block or frame after channel decoding and error 
correction.  

Inner loop power control (also known as fast closed-loop power control) is adapted 
to protect against fast fading. Inner loop power control uses the same targets set by 
outer loop control (i.e., derived from post-processing analysis); however, control is 
based on the physical radio connection (PHY layer), and can cycle much faster so as to 
compensate for fast fades and the like.  

In prior art UMTS operation, the target SIR is determined after post-processing gains 
(removing orthogonal interference components, and applying spreading gain, etc.); 
the target SIR is based only on the power of the received DPCH signal relative to true 
noise. For example, in one embodiment, DPCH SIR is measured based on a pilot field 
transmitted within the DPCH. This pilot has a known pattern. The UE can estimate the 
signal strength of the DPCH by performing an average of the signal power in the pilot 
field according to Equation (1) below:  

 
S=I<2>+Q<2>                                    (Eqn. 1) 

 
Where: 
S=Signal Strength  
I=Magnitude of In-phase Components; and  
Q=Magnitude of Quadrature Components.  
Additionally, the CPICH noise can be estimated from a variance of these pilot fields 

or measured from the CPICH according to Equation (2) below:  
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NCPICH=var(CPICH power)                            (Eqn. 2) 
 
The noise affecting the CPICH is common to all orthogonal channels. Accordingly, 

once the noise is measured from the CPICH, the processed noise seen by the DPCH can 
be derived from NCPICH, based on the difference in Spreading Factors (SF) (or 
processing gain). For example, NDPCH could be calculated per Equation (3) below:  

 
NDPCH(SFDPCH/SFCPICH)*NCPICH                       (Eqn.3) 

 
Where: 
NDPCH=Noise of DPCH;  
SFDPCH=Spreading Factor of DPCH;  
SFCPICH=Spreading Factor of CPICH; and  
NCPICH=Noise of CPICH  
Accordingly, the DPCH SIR is then expressed according to Equation (4) below:  
 

SIRDPCH=S/NDPCH                                  (Eqn. 4) 
 

3.3 Automatic Gain Control (AGC)— 
 

In addition to power control, typical UMTS receivers also implement various forms of 
signal conditioning, including Automatic Gain Control (AGC). In typical transceiver 
designs, an Automatic Gain Control (AGC) module amplifies or attenuates the total 
received signal to maintain a relatively constant signal for receiver digital baseband 
processing. Unlike power control, AGC operation is performed without any knowledge 
of signal quality; in fact, AGC occurs in lockstep with Analog to Digital (A/D) conversion. 
 
4. Improving signal reception based on one or more estimations of network 

load 
 
Referring now to FIG. 2, one embodiment of the generalized intelligent quantization 
margin procedure for adjusting signal reception based on one or more estimations of 
network load is described. The operative elements as described with respect to the 
methodology   of FIG. 2 are a client device (e.g., a mobile device, UE, or other user 
apparatus) and a serving device. Furthermore, the communication link includes at least: 
(i) one or more desired or “useful” signals, (ii) one or more undesired or “ignored” 
interfering signals, and (iii) noise.  
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FIG. 2 is a logical flow diagram of an exemplary embodiment of the generalized process 
 

At step, one or more indicia of related to network load are measured. In one 
embodiment, the indicia are measured at the client device. For example, in the 
previously described exemplary operation (see “Example Operating Scenario” 
discussion), the client device measured a ratio of Common Pilot Channel (CPICH) 
power to the total received signal (N0) power. It is appreciated that such quantities are 
system dependent; other quantities may be readily substituted. Also, it should be noted 
that naming conventions can differ across technologies (e.g., N0 may be equivalent to 
RSS (Received Signal Strength), I0, etc.). In alternative embodiments, the indicia are 
measured at the serving device.  

In one implementation of the project, the aforementioned indicia include power 
measurements of one or more undesired signals. For example, the undesired signals 
may include at least one beacon signal. In one such variant, a pilot channel power is 
measured. As previously noted, the CPICH channel is typically removed during signal 
processing. Similar “undesired” signals may include other pilot channels, 
synchronization channels, common channels, control channels, dedicated channels for 
other users, etc.  

At step of the method of FIG. 2, a network load is inferred or estimated, based on the 
one or more indicia of step (or a combination thereof). In one embodiment, the one or 
more indicia (or a combination thereof) is/are compared to one or more acceptance or 
action criteria (e.g., threshold levels). One exemplary implementation of the utilizes a 
single threshold value as previously discussed; above the threshold, the network is 
presumed to be lightly loaded, whereas below the threshold, the network is presumed 
to be normally or heavily loaded. In the previously described exemplary operation (see 
“Example Operating Scenario” discussion above), the client device compared 
CPICH/N0 to a set threshold (−7 dB). However, as previously noted, further gradated 
scales may be implemented; for example, multiple other thresholds may be established 
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throughout the entire range of operation. Empirically measured ratios for CPICH/N0 
can span from −2.5 dB to −24 dB. For example, thresholds set at 3 dB increments (e.g., 
−5 dB, −8 dB, −11 dB, −14 dB, −17 dB, and −20 dB) could be easily implemented 
within fixed point designs.  

In alternate embodiments, an estimated network load is deterministically calculated 
based on the one or more indicia (in contrast to comparison to a simple “yes/no” 
threshold). For example, the presumed network load may vary linearly, exponentially, 
logarithmically, etc., and this functional relationship can be used to calculate an actual 
load value in conjunction with the indicia (e.g., CPICH/N0).  

In some embodiments, the estimated network load (or the indicia useful for 
calculating it) is communicated to the serving device, the transmitting device (e.g., UE) 
performing the actual determination. Alternately, the estimated network load (or 
constituent components necessary to perform the calculation) may be calculated at the 
receiving (e.g., serving) device. In yet other embodiments, the network load may be 
estimated by a third party (e.g., a relay device, a master base station, 
network-connected third party entity or server, etc.). For example, certain technologies 
utilize other base stations to moderate and manage network operation. One such 
UMTS specific example includes the relationship between serving or master base 
stations, and non-serving base stations. Future cellular networks (e.g., Long Term 
Evolution (LTE)) may employ various forms of base stations including substantially 
limited base stations (e.g., microcells, femtocells, picocells, etc.). Such limited 
operation base stations may receive some information useful for determining network 
load (e.g., some indication of the radio resources available for usage, etc.).  

As yet another implementation, two or more devices or entities may cooperate in a 
“distributed” fashion, such as where the UE performs some of the calculation or 
pre-processing of data, and then sends the pre-processed data to the server (or other 
entity) to complete processing. This approach can ostensibly save on upstream 
communication bandwidth, yet at the expense of increased processing overhead (and 
power consumption) at the client.  

At step, the serving device adjusts signal transmission based on the inferred or 
estimated network load. In one exemplary embodiment, the power level of the one or 
more desired or “useful” signals is increased. For instance, in the previously described 
example, the DPCH is boosted by increasing the target SIR (Signal to Interference 
Ratio) of the Radio Resource Connection (RRC). A higher target SIR directly translates 
to a higher desired signal (DPCH) over other unwanted signals (e.g., including noise).  

A number of other methods for improving reception of the useful signals may be 
substituted as well. For example, in other embodiments, the channel coding of the one 
or more desired or “useful” signals may be adjusted dynamically. As readily 
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appreciated, various modulation constellations are more or less susceptible to 
quantization errors. For example, Binary Phase Shift Keying (BPSK) is less susceptible 
to quantization errors than Quadrature Phase Shift Keying (QPSK). Similarly, various 
higher-order constellations e.g., 16-QAM, 64-QAM, 256-QAM, etc. (Quadrature 
Amplitude Modulation) are progressively more quantization error prone than 
lower-order constellations. Accordingly, some higher-order constellations are only 
used for low noise environments. Hence, the higher order constellations may 
additionally consider the “sweet spot” range, in which (i) each symbol can be reliably 
distinguished over noise, and (ii) each symbol can be fully represented in the available 
fixed point hardware. For example, a tradeoff can be made between using high-order 
constellations with larger target SIRs, or conversely lowering the constellation order 
and retaining (or even lowering) the target SIR.  

In other embodiments, additional hardware elements are activated or deactivated. 
In one such embodiment, the receiver enables supplemental fixed point extension 
hardware during high likelihood periods for quantization errors. For example, during 
normal operation, fixed point arithmetic is set to eight (8) bits. During appropriate 
situations, additional extension hardware is enabled, supporting fixed point arithmetic 
of ten (10), twelve (12) bits, etc. In yet other embodiments, the transmitter and 
receiver may enable specialized modulation or transmission rate hardware.  

Moreover, it should also be noted that constellation symbols are highly susceptible to 
quantization errors, whereas transmission rate is not. Since the raw data rate is a 
combination of constellation complexity and transmission rate, it is appreciated that a 
tradeoff between these two factors may influence serving device operation. For 
example, the serving device may determine that the desired signal should be 
transmitted using the same constellation at the same rate, but increasing the transmit 
power. Alternatively, the serving device may switch to a faster transmit rate using a 
lower complexity constellation; so as to remain at the same transmit power. Other 
variations are described in greater detail subsequent hereto (see “Exemplary Base 
Station Apparatus, Exemplary Mobile Apparatus” discussions presented below). 
 

5. Conclusions and Implications 
 
While the above detailed description has shown, described, and pointed out novel 
features of the project as applied to various embodiments, it will be understood that 
various omissions, substitutions, and changes in the form and details of the device or 
process illustrated may be made by those skilled in the art without departing from the 
project. The foregoing description is of the best mode presently contemplated of 
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carrying out the project. This description is in no way meant to be limiting, but rather 
should be taken as illustrative of the general principles of the project. 
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