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Detection of defective speech frames in a receiver of a digital speech
comuni cat | We 9885128m Field of the Invention 5 FPCI/US %
present invention relates to a nethod for detecting defective speech
frames in a receiver of a digital speedh comuni cation system
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different pseudo-noise (PN) spreading code. In a typical CDMA wireless
20 communication system, a first frequency band is used for forward channel
communications (base station to mobile station), while a second frequency
band, different from the first frequency band, is used for reverse channel
communications (mobile station to base station). An example of such a
system is given in U.S. Patent Number 4,901,307 entitled “SPREAD
25 SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM USING
SATELLITE OR TERRESTRIAL REPEATERS,” issued February 13, 1990,
assigned to the assignee of the present invention, and incorporated herein
by reference. :
Fundamental to the concept of maximizing system capacity in a
30 CDMA wireless communication system as described above is the process of
power control. Subscriber units’ output power must be controlled to
guarantee enough signal strength received at the base station and to
maintain good quality audio while minimizing the potential for
interference. Since a CDMA wideband channel is reused in every cell, self
35 interference caused by other users of the same cell and interference caused by
users in other cells is the most limiting factor to the capacity of the system.
Due to fading and other channel impairments, maximum capacity is
achieved when the signal-to-noise ratio (SNR) for every user is, on the
average, at the minimum point needed to support “acceptable” channel
40 performance. Since noise spectral density is generated almost entirely by
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mismatches in the mobile station’s receive and transmit chains, can not be
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20 To reduce these residual errors, each mobile station corrects its
transmit power with closed loop power control information supplied by the
base station via low rate data inserted into each Forward Traffic Channel.
The base station derives the correction information by monitoring the
Reverse CDMA Channel quality of each mobile station, compares this

25 measurement to a threshold, and requests either an increase or decrease
depending on the result. In this manner, the base station maintains each
reverse channel, and thus all reverse channels, at the minimum received
power needed - to provide acceptable performance. An example of a
communication system employing the open loop and closed loop power

30 control methods described above is given in U.S. Patent Number 5,056,109
entitted “METHOD AND APPARATUS FOR CONTROLLING
TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM,” assigned to the assignee of the present invention, and
incorporated herein by reference.

35 In a CDMA wireless communication system as described above, a
predetermined number of radio frequency resources, such as transceivers
and channel modulator/demodulators (modems) are located at each base
station. The number of resources allocated to a particular base station is a
function of the anticipated traffic loading conditions. For example, a system



the tr.ansm ssion |ink, detecting defective speech franes ]
dependent on_the quallty of the transm ssion link by A) checking the
val ues WP ved speech coding parameters during a rel BETAEYY ‘g-"?:

|l ow quality transm ssion link and interpreting the speech frarre as

def ective when the speech coding paraneter al ues are unusual
according to pnedeuralnareadmayi orly hawvet one omrdwdirédtioresls antetineat daeht base

bl e Sl. and B
accepting al | i%%*' ﬁ” *Vapuet 9 B Btodts 10 bifeth GEl: ititandils, fhus
interpreting r aabaaecstauon iruai dgnse urban rareatineyl e lkogbcated
quality of t ][‘%og‘tth@iﬁéi! E&éeoﬁahbﬁg each have sgvg{aeﬁfr;] %myedigééetgbc:%h%{eﬁ}\%eﬁnho
conpri si ng 515 enogggeg}ppcfe%‘;g%qq@gd? S’Bé@@ﬁe éé‘@i“ﬂl@nséﬂénﬁlbr sf,t istinethese
recei ver conpmhéte)defiB@ngbinrares Geit &l SRE aphdity wPREE remlunf\ ra”:‘i@%nﬁ&ﬁ b@

speech decoder The recei er |s char.act.erized in t furt her nor
cgnprl ses onitored 1dpselyi Wy orderq i) proyi ? ﬂ‘q aesth efficien

20 link, allocahon oérlimitedetmﬁéums”w&ﬁl:‘e masmeitinge Aceptdbilé 3@&%&?&’ of
low quality of hﬂ,ﬁ é‘;ﬁ?&}, sion link, for checking the val ue

recei ved speec Ear aneters - and I nterpreting the speech
frane as défective Sectour celt peaating2is thepaattmmfethe/abmai raumbenusfiakers in the
according to QLS tHkMRximum t ﬁ-feﬁchﬁnﬂﬁl‘ Por Mgﬁgﬁggﬁ‘.ﬁvg
possi bl e and , occur Qqccasli ona the sp eec g

to a rer%??\}émmmoghoq@aﬁmtptdf mtneferm mneasused | atkhe freceiver of the

interpreting ghdtok)\eell alThe makwsiRl ﬁui'x%ezaoﬁ E@Sﬁht}ﬁt&%'séﬁﬁl cefl éaﬂré‘ggﬁort
and defining the eech fr ?r{g as correct e 1nven
the detecti on®hét Egﬂ e &Sgé‘?ﬁqt%em%éké‘h’wmtﬁ% velsen Rehvityn and

qual ity ofl5t hmterferemter froswiothepells.MKhe dndividual subectbet uhjt Qfgrtaﬂ&o—nmse
Lransm si on Ligk LspBRRL . oh. Sunkaited Wit "SR! dip PRLAIRLS' pYabHgEud]

a speech si In a
pCT/ Fl 95/ 005 1gnvxronment and the number of users in the system. |Intaa'f¢neatedfmm

havi n9 been Cawcalé a ﬁlm@ ﬁaSSI%I of usehp tﬂ?\%se eﬁ?’he | nventql ongfs

and said speech fra defective
based on the Propagafion %PLﬁl ithe way P§¢T§rﬁ1§s istribuied. of ypisehcalculationsyof

20 the capacity assumes equal signal-to-noise’ ratio for all users and nominal
values of voice activity and interference from other cells. However, in real
systems, signal-to-noise ratio changes from user to user and frequency reuse
efficiency varies from sector to sector. Hence there is a need to continuously
monitor the loading of a sector or cell.

25 A conventional way to monitor cell site loading conditions is for a
person, usually a network engineer or technician employed by a wireless
communication service provider, to travel from cell to cell making loading
condition readings using specially _designed and expensive test equipment.
The logged data is then returned to a central processing facility for post-

30 processing and analysis. Some significant drawbacks to this method are that
the data can not be evaluated in real-time, and that significant errors are
introduced due to propagation effects between the base station and the
measurement equipment. Thus, this monitoring method only provides a
rough estimate of cell site loading conditions, and can only be used in a

35 time-delayed fashion to take corrective action, such as reassigning resources
for the future. It does not enable the service provider to take any real-time
action to improve loading conditions and their eoffect on system

performance. Additionally, it requires a person to travel to each site serially,
thus providing a discontinuous “hit or miss” estimate of the peak loading
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performance. owing the effect of loading on system performance, some

measure may be taken to limit access to the system or to allocate more
resources in order to prevent system performance degradation.

The system comprises a load monitoring device such as a CDMA

25 mobile station connected to a data logging and processing device such as a

diagnostic monitor, or 2 modified mobile station capable of performing data

logging and processing functions itself. The monitoring device is placed

within the service area of a base station. The monitoring device periodically

initiates a call, is assigned' to a traffic channel normally, and records the

30 following data: 1) the mobile station reverse link transmit power measured

at the antenna connector in dBm, 2) the mobile station received power on

the forward link as measured at the antenna connector in dBm, and 3) the

closed-loop power control commands received from the base station per

unit of time. From this information, the load monitoring device can infer

35 the real-time traffic loading conditions of the base station. In the preferred

embodiment, the load monitoring device is hard-wired to the base station in

order to avoid errors introduced by time-variation in over-the-air
propagation effects.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
30 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
FIG. 1 illustrates a high-level overview of the system of the present
invention;
FIG. 2 is an illustration of selected portions of the load monitoring
35 device of the present invention; and
FIG. 3 illustrates the method of the present invention.
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transmissions by the mobile station is given by:

= -'134+NF+E%,;+ X, @)

where NF is the noise figure of the base station in dB, /v- is the ratio of

the energy-per-bit of the reverse link information bits to the noise spectral
density in the CDMA bandwidth in dB, and X, is the system loading in dB.
In other words, X is equal to 10[log(1-X)] where X is the ratio of the number
30 of simultaneous mobile stations on the reverse link CDMA channel to the
theoretical maximum number of mobile stations that the reverse link
CDMA channel can support. The sensitivity of the base station is the
threshold, in dB, at which the base station can adequately receive the reverse
link transmission from the mobile station. Thus, as can be seen, as the

35 system loading X increases, the sensitivity of the base station decreases.
The transmit power of a power-controlled mobile station is equal to
the base station sensitivity, minus the reverse link path loss. That is to say
that the mobile station must transmit at 2 power level high enough to’
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where C is a constant and B’ is the mobile station transmit power measured
at the antenna connector in dBm. Thus, by substitution of Eqn. (4) into Eqn.

(3):

25 C =134 -NF- Ep/N, - (5)
Note that E,/N, is cons1dered constant here since, in the preferred
embodiment, the load monitoring device is hard-wired to the base station
under consideration, and thus is not susceptible to time-variation caused by
changing propagation effects.

30 Since Equation (5) holds true for all time, then the loading effect
difference between two separate measurement periods can be written as:

XL(tZ) -XL(t].)- = P‘x(l‘Z)—P’t(ﬂ) (6)

35 where t; and t; are any two different measurement times. Thus, the unit
transmit powerF’ during a non-peak usage period may be compared with
that of a peak usage period to determine the effect of loading on system
performance.
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But since the mobile station uses closed-loop transmit gain adjust
commands to calculate its transmit power, Equation (8) is more
conveniently written as: '

PP T, =k | ©)

where T,y is the transmit gain adjust in dB of the mobile unit in responée to
the closed-loop power control commands transmitted by the base station,

30 and k is the turnaround factor that the mobile station is using to calculate
the open loop transmit power. Note that even though reciprocity of the
forward and reverse link path losses was assumed in Equation (7), any errors
in that assumption are compensated for by the closed—loop power control
commands, and thus reflected in T,g;

35 By substitution of Equation (8) and (9), the base station loading may
then be written in terms of the transmit gain adjust, T,q; as follows:

X, =134-NF-B +ka T, - P, (10)
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of loading expressed in terms of the received power at the mobile station.

II. Load Monitoring Systeni and Method

The relationship identified in Equation (6) or (13) above is exploited
in the present invention to provide real-time monitoring and management
of the system loading. FIG. 1 illustrates a high-level overview of the system
100 of the present invention. CDMA base station 112 is seen to be in wireless

30 communication, through antenna 110, with four exemplary mobile stations
108a-108d. Mobile stations 108a-108d are, for example, power-controlled
CDMA cellular radiotelephones as are known in the art. Base station 112 is
also in periodic communication with load monitoring device 102, which
may comprise an ordinary power-controlled CDMA cellular radiotelephone

35 104 coupled to a data logging and processing device 106, such as a CDMA
diagnostic monitor or other data processing device as is known in the art.
Alternatively, load monitoring device 102 may be a specially modified
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communi cation sy m¢igral operation " of system 100, mobile stations 108a—108d :
periodically communicate with base station 112, either to originate a call,
20 receive (terminate) a call, or to send or receive various overhead messages
to or from base station 112. During peak usage hours, such as during the
middle of the day, one may expect that all four mobile stations 108a-108d are
~ in simultaneous communication with base station 112, thereby increasing
system loading and interference on the reverse link. Conversely, during
25 non-peak usage hours, such as during the middle of the night, one may
expect that only one of mobile stations 108a-108d are communication with
base station 112 at any given time, thereby decreasing system loading. Note
that there may be fewer or many more than four mobile stations
simultaneously communicating with base station 112 depending on the
30 capacity of base station 112. However, for purposes of simplicity, FIG. 1 is
illustrated with only four mobile stations 108a-108d. :
Additionally, load monitoring device 102 periodically orxgmates a call
of a predetermined length to base station 112 according to a predetermined
schedule. In the preferred embodiment, load monitoring device 102 initiates
35 atwo-minute duration call to base station 112 every thirty minutes during
both peak and non-peak hours. Clearly, this predetermined schedule may be
varied in both duration (shorter or longer than two minutes) and frequency
(shorter or longer than thirty minutes) depending on the monitoring and
management needs of the system management center 114. In the preferred
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as follows: contrdP commands to load monitoring device 102, because it appears the
same to base station 112 as merely another mobile station.
Referring now to FIG. 2, an illustration of selected portions of load
monitoring device 102 is shown. Radio frequency (RF) signals including
20 both modulated information as well as closed-loop power control
commands are received by load monitoring device 102 on antenna 200.
Again, note that in the preferred embodiment, signals transmitted to load
monitoring device 102 by base station 112 (see FIG. 1) over cables 116 are
coupled directly to an antenna port of load monitor 102. However, in
25 alternate embodiments, the load monitoring device 102 employs a standard

antenna 200 as is known in the art.
The received signals are routed by duplexer 202 to low—nmse amplifier

(LNA) 204 where the front-end gain is adjusted. Then, in automatic gain

control amplifier (AGC) 206, the intermediate frequency (IF) power level is

30 adjusted. The received signal strength is measured in received signal

strength indicator (RSSI) 212, which uses the received signal strength to

generate an open loop power control signal 214. Additionally, the received

signal is sampled in analog-to-digital converter 208, and then digitally

demodulated in demodulator 210. The closed loop power control

35 commands 216 are provided to combiner 228 where they are combined with

open loop power control signal 214 and used to adjust the transmit power of
power amplifier (PA) 220.

In the preferred embodiment, data processor 218 logs the output

power of PA 220, scaled to represent the output power as measured at the
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S

t he pirit of the attached cl ai ns. 35
Data processor 218 may be an integral part of a modified mobile

15 station, or it may be a separate data logging and processing device, such as a
CDMA diagnostic monitor as is known in the art. Data processor 218
compares the average transmit power (or alternatively, the average Tap
value) generated for a non-peak usage period with the average transmit
power (or alternatively, the average T,p; value) generated to a peak usage

20 period to determine the difference in system loading as derived in Equations
(6) or (13). Based upon this information, data processor 218 may send an
alarm or other informational signal 230, to system management center 114
(see FIG. 1) for appropriate action. Alarm or other informational signal 230
may be used to produce status reports of system loading, or to take such real-

25 time action as to deny further access to the system if the loading exceeds a
certain threshold.

FIG. 3 illustrates the method of the present invention. The method
begins in block 302 with the load monitoring device originating a call to the
base station during a non-peak time T1. For the duration of the call, which

30 in the preferred embodiment is two minutes, the load monitoring device
measures a power related parameter, which may be either the mobile station
transmit power in the preferred embodiment, or Tsp(T1) in an alternate
embodiment, in block 304. The load monitoring device then originates a
call to the base station during a peak time T2 in block 306, and measures the

35 same power related parameter for the duration of the call in block 308. In
block 310, the load mbnitoring device then calculates Xy (T2) - Xy (T1) as
defined in either Equation (6) or (13), and compares it with a predetermined
threshold of Y dB in block 312. The 'threshold, Y, may be determined



WD 96/ 09704 PCT/ FI 95/ 00510 14

d ai s 1. A nethod for detecting defective speech franes

in a receiVVO®88b128 speech communication system the nethod 5PCTUSAFIIZES ng
the steps of ~ receiving a coded speech signal conprising speech
frames conveying speech coding parametds through a transm ssi on
li nk individuabyt ifory ehche base estapioec hdépending th desired baseh skation ¢
teri ze r steps of determ ning the quality of
the transm sg’ieggor?il‘%%é@ detecting defective_speech franes

dependent on the If the differenge 3(TRk- Xothbrealeulated imblogk 310 is gzeatey than
values  gfe [ﬁeahteﬁﬂﬁﬁ?&e&&eagﬂww,mkﬂna{eew%diﬂ{dzﬁso&\gea céSlohdsdan
|.ow qual i tsx,/mt iﬁa smssjon link and interpreting the igcech rame as

def ect i ve Swhalatmeta; thecpystenn management  centerain block 314, and sappropriate
accor di ng bIt Qcti@hgdﬁé £1ken) edch @k idedtialPof ﬂjl,tthgr actcﬁslewth@ﬁysﬁein_ . ?ml ﬂﬁi cg.t;é;at
are possi nd, occur . occasi on in eech”signal, an
accepting al f%h%goadtrngn#gmw& deydce bwgui%r&’teﬂe%ﬂ% € VL orERAY }%nd
i nt er pr et i ngblodke302 it tuhdifferenee Xpfl2)caXi(@d) caktulated inabloclr? SIDBisaller than

hi gh qualit [ h S&l N A N ai ne
"n7cl aim 1. £, PrdflelerRHAEA Whr8hdlor'y, thep the load tomiflrdfp [8EvER fnt AR
det ect i orl0of sead andalaemy, and meraly degins theeprodess oyer dgaimniteblocko302.t he
transmssion |in ' AL o t L S3A
link quality is ltiﬂéﬁgg}sie@’ °$’“?E%§‘S§ﬁ&“&ﬁ§%§%‘§hﬂ??a%fﬂ% 3 3pe thade 16
defective. customize the methed hfer yariqus mRPlcationsi For example, Hhe doad 30
acter.| m@nidohngé devicenmagubriginitecsévrasl \alls @h bldkks 302 atdBUE) each

codi ng syste ip a defectiv
speech fr arreg}’B?F‘fﬁBa

(D

Tt Bghy migiees; aiing fHe pesls anfl Acirpeak metirs in driler o
det ect i ori5metdoobtain averagetef eAdditionplys fther dowd monitorirg | déejeendaay bé
tggle OS‘;’ 04 qualcbftﬁgﬁi‘e& Qg s&ﬁ&’lﬁ?&ﬁﬁéﬁ&n'tb%e sﬁ‘%}lgpég#%ggﬁ%emer regardyggs
of whether the loading exceeded a predetermined threshold. This
information could be useful, for example, to generate a graph of time versus
loading for a daily operational cycle. Clearly, many adjustments to both the
20 scheduling and use of the information may be made without departing from
the spirit of the present invention.
The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
25 those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intende_d to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

30
ICLAIM:
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of the speech franme being exam ned and individual speech franmes 35
precedi ng the on@.bei rMtheesystenedf claim 1 whereRt/saity @DMA communication

Eecgﬁggggéé)gl&;eg ice originates a ?mm\hmcatlon with said q@MA base staiaoB %g{lﬁﬁlhn
t he qual ity fiost pedodrand aisecond period, and wherein said data processor transm1ts
4 an alarm signal to said system management center if a difference between
said power control parameter during said first period said power control
6 parameter during said second period exceeds a predetermined threshold.

3. The system of claim 2 wherein said system management center
2 prevents further loading of said base station in response to said alarm signal.

4. The system of claim 3 wherein said data processor is a CDMA
2 diagnostic monitoring devxce '

5. A method fbr determining the loading on a CDMA base station

2 which transmits closed-loop power control commands, said CDMA base
station being controlled by a system management center, said method

4 comprising the steps of:

originating a communication with said CDMA base station in
6 accordance with a predetermined schedule;

receiving said closed-loop power control commands; -
8 logging a power control parameter; and

transmitting a data signal to said system management center in

10 response to said received closed-loop power control commands.
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2 preventing, from said system management center, further loadmg of said
base station in response to said alarm signal..

8. A load monitoring device for use with a CDMA base station
2 which transmits closed-loop power control commands, said CDMA base
station being controlled by a system management center, said load
4 monitoring device coxhprising:
a transmit circuit for originating a communication with said CDMA
6 base station in accordance with a predetermined schedule;
a receive circuit for receiving said closed-loop power control
8 commands; _ _
a data processor, coupled to said receive circuit, for logging a power
10 control parameter and for transmitting a data signal to said system
management center in response to said received closed-loop power control
12 commands. |

9.  .The load monitoring device of claim 8 wherein said transmit
2 circuit originates a communication with said CDMA base station during a
first period and a second period, and wherein said data processor transmits
4 an alarm signal to said system management center if a difference between
said power control parameter during said first period and said power control

6 parameter during said second period exceeds a predetermined threshold.

10. The load monitoring device of claim 9 wherein said system
2 management center prevents further loading of said base station in response
to said alarm signal.



