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METHOD AND APPARATUS FOR TESTING A DIGITAL COMMUNICATION CHANNEL

AT VARIABLE OR FIXED DATA RATES.

BACKGROUND OF THE INVENTION

- 1. Field of the Invention

The present invention relates to communication systems utilizing
digital signals, and, more particularly, to a novel and improved method and
apparatus for evaluating the quality of transmission over digital
communication channels.

II. Description of the Related Art

Communication systems ha_ve been developed to allow transmission
of information signals from a source location to a physically distinct user
destination. Both analog and digital methods have been used to transmit
such information signals over communication channels linking the source
and user locations. Digital methods tend to afford several advantages
relative to analog techniques, including, for example, improved immunity
to channel noise and interference, increased capacity, and improved security
of communication through the use of encryption.

In transmitting an information signal from a source location over a
communication channel, the information signal is first converted into a
form suitable for efficient transmission over the channel. Conversion, or
modulation, of the information signal involves varying a parameter of a
carrier wave on the basis of the information signal in such a way that the
spectrum of the resulting modulated carrier is confined within the channel
bandwidth. At the user location the original message signal is. replicated
from a version of the modulated carrier received subsequent to propagation
over the channel. Such replication is generally achieved by using an
inverse of the modulation process employed by the source transmitter.

‘Modulation also facilitates multiple-access, i.e., the simultaneous
transmission of several signals over a common channel. Multiple-access’
communication systems will often include a plurality of remote subscriber
units requiring intermittent service of relatively short duration rather than
continuous access to the communication channel. Systems designed to
enable communication over brief periods of time with a set of subscriber
units have been termed multiple access communication systems.
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A part1cular type of multiple access communication system is known
as a spread spectrum system. In spread spectrum systems, the modulation
technique utilized results in a spreading of the transmitted signal over a
wide frequency band within the commnnication channel. One type of
multiple access spread spectrum system is-a code division multiple access
(CDMA) modulation system. Other multiple access communication system
techniques, such as time division multiple access (TDMA), frequency

~ division multiple access (FDMA) and AM modulahon schemes such as

amplitude companded single sideband are known in the art. However, the
spread spectrum modulation technique of CDMA has s1gruﬁcant advantages
over these modulation techniques for multiple access communication
systems. The use of CDMA techniques in a multiple access communication
system is disclosed in U.S. Patent No. 4,901,307, entitled "SPREAD

~ SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM USING

SATELLITE OR TERRESTRIAL REPEATERS", assigned to the assignee of
the present invention, the disclosure of wl'uch is incorporated by reference
herein. '

In the above-referenced U.S. Patent No. 4,901,307, a multiple access
technique is disclosed where a large riumber of mobile telephone system
users each having a transceiver communicate through satellite repeaters or
terrestrial base stations using CDMA spread spectrum communication
signals. In using CDMA communications, the frequency spectrum can be
reused multiple times thus pe'rmittihg_ an increase in system user capacity.
The use of CDMA results in a much higher spectral efficiency than can be
achieved using other multiple access techniques. A further eXample' of a

' CDMA communication system is disclosed in U.S. Patent No. 5,103,459,

entitled "SYSTEM AND METHOD FOR GENERATING SIGNAL
WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM', also

- assigned to the assignee of the present invention, the disclosure of which is

incorporated by reference herein. | |
More particularly, communication in a CDMA system between a pair

~ of locations is achieved by spreading each transmitted signal over the

channel bandwidth by using a unique user spreading code. Specific
transmitted signals are extracted from the comminication channel by
despreading the composite signal energy in the communication channel
with the user spreading code associated with the transmitted signal to be
extracted. The transmitted signal is divided into a number of "frames", each
of which includes a specified number of information bits. It is generally -
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“possible to transthit the information bits withifi each frame at any one of a

number of predetermined data rates.

Implementation of spread spectrum, e.g.,, CDMA, cellular systems
capable of providing adequate service to a particular geographic region
generally involves consideration of a numbef of factors bearing upon
system performance. For example, it is generally necessary to consider the
extent of the available frequency spectrum, as well as the potential for
coordination with other nearby communication systems. In addition,
constraints impbsed by thermal noise and interference generated by the
various subscriber units needs to be taken into consideration. Estimates of

~ interference are of particular concern within CDMA systems, since power is

transmitted by the subscriber units over the same bandwidth irrespective of
location within the cellular coverage area.

Interference on the communication channels linking a particular base
station and the subscriber units within a given cell can arise when
neighboring cells use the same or an adjacent CDMA radio channels as
those used within the given cell. In order to evaluate system performance
under realistic conditions, a selected number of subscriber units may be
deployed at various distances from multiple base stations as a means of
estimating various levels of channel interference. During system
deployment, the quality of signal transmission at various distances from a
base station may be determined on the basis of qualitative characterization
of the received signal by subscriber unit users. Various system parameters
(e.g., transmitted power level) may then be adjusted in order to improve
communication quality. '

However, it is anticipated that quantitative measurement of the
capability of a digital communication channel to carry particular types of
information (e.g., variable or fixed-rate frame data) would enable more
precise evaluation of systém performance. That is, quantitative

_ measurements of system performance would allow for accumulation of

performance data more accurate than the subjective characterizations of
received signal quality solicited from actual subscriber users. For example,
subjective evaluations signal quality do not allow for determination of
transmission statistics (e.g., frame error rate at various data rates). In
addition, qualitative estimation of signal quality does not allow for real-
time detection of channel degradation giving rise to bit error rates in excess
of a predetermined threshold. This capability would fac_ilitate, for example,
identification of particular frames of digital data as being so "corrupted” so
as to be unusable if a desired level of accuracy is to be maintained.
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Accordingly, it is an object of the invention to provide a system for
quantitatively evaluating the quality of communication channels within a
digital communication system. : '

SUMMARY OF THE INVENTION

The present invention provides a system and method for testing
signal transmission quality within a digital communication system. In an
exemplary embodime_nt. the pfesent invention may be incorporated within a
digital cellular communication system in which information is exchanged

~ over spread spectrum communication channels, among a plurality of

mobile users, via at least one cell-site. :

The present invention contemplates testing a digital communication
channel by transmitting a test sequence of digital data over the
communication channel. The test sequence of digital data transmitted over
the communication channel is received at a receiving station, within which
is also generated a replica of the test sequence of digital data. The accuracy of
transmission over the communication channel is then determined by
comparing the replica of the test sequence of digital data to the test sequence
of data received over the communication channel..

The present invention allows the test sequence of digital data to be
transmitted at one of a set of known data rates, with the receive station
being disposed to identify the data rate associated with each test sequence of
digital data. In order to simulate the transmission of, for example, voice
data, the system may be configured such that each test sequence of digital
data is generated in accordance with a pseudorandom process.

In a preferred implementation transmission of the test sequence

_involves generating a first plurality of data packets, which collectively
- comprise the test sequence of digital data. Each data packet is assigned one of

a multiplicity of data rates in accordance with a first pseudorandom process, -
and is then transmitted at the data rate assigned thereto. In an exemplary
implementation the bit sequences within each data packet are generated on
the basis of a second pseudorandom process.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the prese__rit invention will
become more apparent from the detailed description set forth below when
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taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

FIG. 1 shows an exemplary cellular subscriber digital communication
system within which the communication channel testing technique of the
present invention may be employed. |

FIG. 2A illustrates a preferred implementation of a mobile unit
transmit modulator within which a transmit portion of the digital
communication test system of the invention is embodied.

FIG. 2B shows a block diagram of a cell-site receiver operative to

receive transmissions from the mobile units deployed within an associated
cell or sector. '

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

I. System Overview

An exemplary cellular subscriber digital communication system
within which the communication channel testing technique of the present
invention may be employed is illustrated in FIG. 1. The system of FIG. 1
may utilize, for example, spread spectrum or other modulation techuiques
familiar to those skilled in the art to facilitate communication between users
of the mobile units (e.g., mobile telephones), and the cell-sites. In FIG. 1,
system controller and switch 10 typically includes interface and processing
circuitry for providing system control to the cell-sites. When the system of
FIG. 1 is configured to process telephone calls, controller 10 operates to route
telephone calls from the public switched telephone network (PSTN) to the
appropriate cell-site for transmission to the appropriaté mobile unit. In this
instance controller 10 also functions to route calls from the mobile units, via
at least one cell-site, to the PSTN. Controller 10 may connect calls between
mobile users via the appropriate cell-sites since the mobile units do not
typically communicate directly with one another. ' |

Controller 10 may be coupled to the cell-sites by various means such
as dedicated telephone lines, optical fiber links or microwave
communication links. In FIG. 1, two such exemplary cell-sites 12 and 14,
along with mobile units 16 and 18, are illustrated. Cell-sites 12 and 14 as
discussed herein and illustrated in the drawings are considered to service an
entire cell. However it should be understood that the cell may be

- geographically divided into sectors with each sector treated as a different

coverage area. Accordingly, handoffs are made between sectors of a same
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cell as is described herein for muitiple cells, while diversity may also be
achieved between sectors as is for cells.

In FIG. 1, arrowed lines 20a-20b and 22a-22b respectlvely define the
p0551ble communication links between cell-site 12'and mobile unit 16 and
18. Similarly, arrowed lines 24a-24b and 26a-26b respectively define the

possible communication links between cell-site 14 and mobile units 16 and

18. Cell-sites 12 and 14 nominally transmit using equal power. -

The cell-site service areas or cells are designed in geographic shapes
such that the mobile unit will normally be closest to one cell-site, and
within: one cell sector should the cell be divided into sectors. When the
mobile unit is idle, i.e. no calls in progress, the mobile unit constantly
monitors the pilot signal transmissions from each nearby cell-site, and if

‘applicable- from a single cell-site in wh_ic_h_'the cell is sectorized. As

illustrated in FIG. 1, the pilot signals are respectively transmitted to mobile
unit 16 by cell-sites 12 and 14 upon outbound or forward communication
links 20a and 26a. Mobile unit 16 can determine which cell it is in by
comparing signal strength in pilot signals transmitted from cell-sites 12
and 14. : :
Voice transmission by each mobﬂe unit is initiated by providing the
mobile user analog voice signal to a digital vocoder. The vocoder output is
then, in sequence, convolutional forward. error correction (FEC) encoded, 64-
ary orthogonal sequence encoded and modulated on a PN carrier signal.
The 64-ary orthogonal sequence is generated by a Walsh function encoder.
The encoder is controlled by collecting six successive binary symbol outputs
from the convolutional FEC encoder. The six binary symbol outputs

| collectively determine which of the 64 possible Walsh sequences will be

transmitted. The Walsh sequence is 64 bits long. Thus, the Walsh "chip"
rate must be 9600 * 3 ¢ (1/6) * 64 = 307200 Hz for a 9600 bps (9.6 kbps) data
transmission rate. B o _

In the mobile-to-cell link (i.e,, t'he_._ "reverse” link) a common short PN
sequence is used for all voice carriers in the system, while user address
encoding is done using the user PN sequence generator. The user PN
sequence is uniquely assigned to the mobile for at least the duration of each
call. The user PN sequence is exclusive-OR'ed with the common PN
sequences, which are length 32768 augmented maximal linear shift register
sequences. The resulting binary signals then each bi-phase modulate a
quadrature carrier, are summed to form a composite signal, are bandpass
filtered, and translé_ted to an IF frequency output. In the exemplary

embodiment, a poftion.of'the filtering process is actually carried out by a
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finite impulse response (FIR) digital filter operating on the binary sequence
output. | | |

The modulator output is then power controlled by signals from the
digital control processor and the analog receiver, converted to the RF
frequency of operation by mixing with a frequency synthesizer which tunes
the signal to -p_roper output frequency, and then amplified to the final output

‘level. The transmit signal is then passed on to a duplexer and an antenna.

Although the present invention may be embodied within a spread spectrum
communication system, the principles of the invention are described with
reference to the generalized representation of a digital communication
system as depicted in FIGS. 2A and 2B.

II. Transmission of Test and Information Data

FIG. 2A illustrates a preferred impiementation of a mobile unit
transmit modulator 30 in which a transmit portion of the digital
communication test system of the invention is embodied. During normal
operation the transmit modulator processes digital information data, e.g.,
voice information from a vocoder to multiplexer 32. 'As is described below,
multiplexe: 32 allows control messages and the like to be transmitted along
with test data during a "dim and bust” phase of test mode operation. In a
test mode of operation, a test mode select switch 34 is toggled in response to
instructions received from a control processor (not shown) such that
transmit modulator 30 operates upon a test sequence of pseudorandom data

- provided by a test data generation circuit 33.

Referring again to FIG. 2A, in normal operation of the mobile unit
the test mode select switch 34 is set such that only the input line 31 is
connected to the encoder/interleaver 35 by way of multiplexer 32. During
both normal and test mode operation the encoder/interleaver 35 performs a
block interleaving operation. During normal mode operation the
interleaving interval will preferably be performed over an interval
equivalent to the duration of a single "frame" of data received from, for
example, a vocoder via input line 31. An exemplary frame structure is
described in, for example, copending U. S. Patent Application Serial
No. 08/117,279, entitled "METHOD AND APPARATUS FOR THE
FORMATTING OF DATA FOR TRANSMISSION", assigned to the assignee
of the present invention, the disclosure of which is herein incorporated by
reference. Further details on an exemplary frame structure can be found in
the publication TIA/EIA .Interim Standard "Mobile Station-Base Station
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Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System”, TIA /EIA/1S-95, July 1993.

Accompanying each vocoder frame is a predetermmed cyclic
redundant check (CRC) code of a type familiar to those skilled in the art.
The CRC code is utilized in a decodmg process (described below) to identify
bit errors occurring during transmission over the communication channel.
As is described hereinafter, the communication channel testing technique
contemplated by thé invention may be employed concurrently with such
conventional error detection techniques in order to enable a more thorough
assessment to be made of channel accuracy. |

Referring again to FIG. 2A, in test mode operation the
encoder/interleaver 35 operates over the interleaving interval identical to
that used during normal mode operation. However, during test mode a
single "packet” of test data, rather than a frame of vocoder data, is processed
by the encoder/ interleaver 35. >

In an exemplary embodiment each packet of test data provided by the
test generation circuit 33 comprises a pseudorandom bit sequence of
predetermined length. After encoding of the pseudoranidom test data and
subsequent transmission over a communication channel to a receive
station, the received test data is compared to a replica thereof synchronously
generated within the receive station. In accordance with the invention, the
integrity of data transmission over the communicaﬁon channel may then
be evaluated on the basis of this. comparison between the received and
locally-generated versions of the test data. |

Considering now the operation of the encoder/ interleaver 35 in
greater detail, in a specific embodiment the encoder/interleaver 35 is
clieposed to generate a code sequence output using a 64-ary orthogonal
signaling technique. In 64-ary orthogonal signaling a set of 64 possible
characters is available for data encoding, with each character being encoded
into a length 64 sequence containing 64 binary bits or "chips". The number

- of code symbols produced in an exemplary 20 msec interleaving period,

assuming a data rate of 9.6 kbps and a code rate r=1/3, is 576. The code
symbols are written into the interleaver memory array by rows and read out
by columns. Code repetition may be used to accommodate four different
data rates produced by the V_o'coder on a 20 msec frame basis. However, the
repeated code symbols are not tran’smitted,"o‘Ver the air at lower energy
levels, rather only one code symbol of a repetition group is transmitted at
the nominal power level.. That is, the code repetition in the exemplary
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embodiment is used ‘merely as an expedlent to ‘fit the variable data rate
scheme in the interleaving and modulation structure.

Referring again to FIG. 2A, during both normal and test mode
operation the encoded data from encoder 35 is provided to a transmit
modulator 37. The modulator circuit 37 operates upon the digital output
from encoder 35 using a modulation format consisting of, for example,
64-ary orthogonal signalling. In other words, the interleaved code symbols

- are grouped into groups of six to select one out of 64 orthogonal waveforms.

In an exemplary implementation the data modulation time interval
is equal to 208.33 usec, and is referred to as a Walsh symbol interval. At
9.6 kbps, 208.33 pusec corresponds to 2 information bits and equivalently to 6
code symbols at a code symbol rate equal to 28800 sps. The Walsh symbol
interval is subdivided into 64 equal length time intervals, referred to as
Walsh chips, each lasting 208.33 / 64 = 3.25 psec. The Walsh chip rate is then

- 1/3.25 psec = 307.2 kHz. For a specific PN spreading rate of 1.2288 MHz, there

are exactly 4 PN chips per Walsh chip.
As is indicated by FIG. 2A, the transmit modulator 36 also includes a

transmitter 38 coupled to the modulator circuit 37. A carrier signal

generated within the transmitter 38 is modulated by the digital sequence
output by the modulator circuit 37. The resulting modulated carrier is then
transmitted via antenna 39 to a cell-site station receiver 40 (FIG. 2B). In an
exemplary embodiment the digital test packet associated with each frame is
extracted from the signal received at the cell-site and compared with a
locally-generated test packet replica. In a preferred embodiment the results
of this comparison are then utilized by a cell-site control processor in
computation of error statistics related to the accuracy of data transmission
over the communication channel lmkmg the mobile unit and cell-site
station. -

It is a feature of the present invention that the "forward link" from
the cell-site to the mobile unit may be tested independently from the
"reverse”, or "mobile-to-cell" link. Specifically, when it is desired to
evaluate the accuracy of the reverse link, the reverse link test packets are
transmitted from the mobile unit and evaluated at the cell-site. When
testing the forward link, test packets transmitted from the cell-site are
received and analyzed at the mobile unit.

III. Reception of Test and Information Data

Referring to FIG. 2B, there is shown a block diagram of a cell-site
receiver 40 operative to receive transmissions from the mobile units
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deployed within an associated cell or sector. During both normal and test
mode operation, the signals transmitted by mobile units and received on
antenna 41 are provided to analog receiver 42. Within the receiver 42 the
signals received from the antenna 41 are ampllﬁed downconverted to an
intermediate frequency, bandpass filtered, and sampled by an analog to
digital converter. S

In an exemplary. CDMA 1mplementatlon of the receiver 40, the
timing of the received signal is tracked using, for example, the well known
technique of correla_ting the received signal by a slightly early local reference
PN code and correlating the received signal with a slightly late local
reference PN code. The difference between these two correlations will
average to zero if there is no timing error. Conversely, if there is a timing
error, then this difference will indicate the magnitude and sign of the error
and the receiver's timing is adjusted accordingly.

The digitized butput from the receiver 42 is seen to be provided to a
demodulator 44. The digital code sequences generated within
demodulator 44 in response to the received signal energy are provided to a
decoder/deinterleaver 45 operative to identify the ‘orthogonal code
séquences transmitted by a particular mobile unit. That is, the
decoder/deinterleaver 45 recovers the input digital data transmitted by the
transmit modulator 30 (FIG. 2A) and provides the result to a
demultiplexer 47.  When both control message and test information have
been transmitted during a "dim and burst" phase of test mode operation, the
demultiple_:xer 47 identifies the first bit of each concatenated frame of
test/message data. The composite bit sequencé comprising each

concatenated frame is then bifurcated into sequences of received control

message data and a received packet of digital test data. As is indicated by
FIG. 2B, the recelved control message data is output by demultiplexer 47 to
the cell-site cont_ro_l'proces_sor during "dim and burst" test mode operation.
The demultiplexer 47 provides received test and message data to a test
mode select switch 48 during test and normal mode. operation, respectively.
Operation of the switches 32 and 48 is synchronized such that during
normal mode operation the test mode select switch 48:is set so as to route
the recovered digital signal data output by decoder/deinterleaver 45 to the
cell-site control processor. During test mode operatioh, switch 48 effectively
links the output of the decoder/deinterleaver 45 to a digital comparator 49.
As is indicated by FIG. 2B, the digital comparator 49 also receives a
locally-generated. replica.of the received test packet from a test data

 replication circuit 50. In the preferred implementation the cell-site control
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processor adjusts‘the timing of the test data 'féplication circuit 50 so as to
establish synchronization with the test data generation circuit 33. The
digital bit sequences comprising the received test packet and replicated test
packet associated with a given frame are then compared within
comparator 49. | o

As is indicated by FIG. 2B, the results of each such comparison are
stored within frame error memory 52. The frame error memory 52 will
preferably be capable of storing the number of "bit errors” existing between
corresponding bits of the received and replicated test data sequences
associated with a particular frame. As is described hereinafter, the
information within frame error memory 52 may then be utilized by the cell-
site control processor to compute a desired set of frame error statistics.

IV. Test Packet Generation -

As is discussed below, the present invention advantageously allows
testing to be performed without modification of existing signaling formats.
That is, conventional frame category indications are provided with
accompanying test sequences are generated for transmission over the
communication link during test mode operation. Moreover, the capability
of the present invention to provide test packets oi variable rate enables
evaluation of the capability of a communication channel to carry voice data
and the like. | o |

As mentioned above, either fixed-rate or variable-rate data may be
provided by test data generation circuit 33 during test mode operation. In an
exemplary implementation the data generation and replication circuits 33
and 50 are capable of generating test packets of digital data at a set of
predetermined rates (e.g., 9.6 kbps, 4.8 kbps, 2.4 kbps or 1.2 kbps). In what
follows a ‘data rate of 9.6 kbps will be considered to be "full-rate” data (i.e.,
Rate 1), a data rate of 4.8 kbps to be "half-rate" data (i.e., Rate 1/2), a data rate

of 2.4 kbps will be considered to be "quarter-rate” data (i.e., Rate 1/4),and a - -

data rate of 1.2 kbps will be considered to be "eighth-rate" data (i.e.,
Rate 1/2),. With the exception of "dim and burst" operation in which
control messages are combined within multiplexer 32 together with a less
than full-rate test sequence, during fixed-rate testing the bit sequences
comprising each test packet will normally be transmitted at the same rate.

In accordance with one aspect of the invention, voice communication
is simulated by selecting the rate at which consecutive packets of test data are
transmitted on the basis of a four-state, second order Markov process in
which the current Markov "state" is a function of the data rates of the
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preceding two test packets. It is understood, however, that in alternate
embodiments Markov processes of d1ffermg order and/or state may be
employed. In the case of a second order Markov process, an equivalent
representation using a sixteen-state, first order Markov chain may be -
utilized. Each state within the model is defined by the speech rates (e.g., full-
rate, half-rate, quarter-rate or eighth-rate) associated with a preceding pair of
consecutive speech frames. For example, in what follows state "0"
corresponds to a preceding pair of consecutive frafnes characterized by full-
rate speech activity. TABLE I below sets forth the pair of precedmg speech
rates defining each such Markov state.

TABLE]
Frame Rate for Frame Rate for | Markov State
Previous Frame (N-1) Current Frame (N) : -
1 1 0
1 | 12 1
1 1 14 2
1 . - 1/8 3
1/2 e 1 4
1/2 . 172 .5
1/2 o 1/4 6
1/2 1/8 7
1/4 o 1 8
1/4 1/2 9
4 | - 114 10
1/4 ' ' 1/8 11
1/8 o 1 12
1/8 | 1/2 13
s | 1/4 | 14
1/8 8 " 15

Accordingly, during - testing designed to approximate voice
communication the data rate of each test packet is selected in accordance
with the pseudorandom process represented by TABLE I. As will be
explained below, the bit sequences within data packets used in both fixed-
rate and variable-rate testing are also generated using a specified
pseudorandom process. ' Synchronization of the bit sequence generation
processes performed using the data generation and replication circuits 33
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and 50 enables an.exact replica of each transmitted data packet to be
produced within thé cell-site.

Referring now to TABLE II, there are listed the number of bits
included within the sequences comprising a set of exemplary data packets
transmitted at various data rates. For example, in the embodiment
represented by TABLE II a Rate 1 packet includes a bit sequence of 171 bits
transmitted at the full-rate (e.g., 9.6 kbps). A Rate 1/2 packet is transmitted at
one-half of the full rate (e.g., 4.8 kbps), a Rate 1/4 packet is transmitted at
one-quarter of the full-rate (e.g., 2.4 kbps), a Rate 1/8 packet is transmitted at
one-eighth of the full-rate (e.g., 1.2 kbps). The encoder/interleaver 35 is
programmed to repeat code symbols for data rates less than the full-rate.
Each symbol will be output 1, 2, 4 or 8 times for full, half, quarter or eighth
rate packets of test data, respectively. Accordingly, the number of bits
included within each packet (i.e., packet size) of test data varies in the
manner indicated by TABLE II in order that the product of the data rate and
packet size remains constant. In this way an equivalent number of code
symbols per frame is established, with appropriate code symbol repetition
occurring for frames in which the data rate is less than full-rate. '

TABLEI
Packet TyPe Test Bits per Frame
Rate 1 171
Rate1/2 80
Rate1/4 _ - 40
Rate 1/8 16
Blank 0

As noted above, during "dim and burst" test data transmission the
multiplexer 32 combines a control message with the test bits comprising a
less than full-rate (i.e., Rate 1/2, Rate 1/4 or Rate 1/8) data packet. In an
exemplary embodiment, during "dim and burst” mode operation the
concatenated control message and test data of each frame are transmitted at
the full-rate. For example, when a Rate 1/8 test packet (i.e., 16 bits of test
data) is generated a relatively lengthy packet of control message data (i.e., 152
bits of control message data) are combined in the frame for transmission. In
this way the number of test bits transmitted is "dimmed” in order to enable

‘a "burst" of control message information to be communicated during the

testing process.
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Under certain circumstances it may be desired to transmit a control
message having a length spanning an entire frame. In this case a "blank and
burst” frame including only control message information (i.e., 0 bits of test
data) is transmitted by the mobile unit. In an exemplary embodiment a flag
(in the form of overhead bits) is set so as to specify the size of the test packet
and control message data transmitted during a "dim and burst” phase of
operation. Similarly, "blank and burst" transmissions are also identified by
the setting a flag within an ancillary transmitted field (i.e., overhead bits).
Details on the flag in the frame structure may be found in the technical
standard TIA/EIA/IS-95 and in the above mentioned pendmg application
Serial No. 08/117,279. = :

V. Test Packét Replication

Within the cell-site receiver 40, the bit rate of each received data
packet is determined by the decoder 45. In an eicemplary embodiment the
decoder 45 is operative to implement a Viterbi decoding algorithm in which
the most likely decoding sequence is determined with respect to each
received packet of test data. Since the decoder 45 is not provided with a
priori knowledge of the degree of code symbol repetition associated with
each received fraue, it is necessary to attempt decodirig at each pussible data
rate. An exemplary Viterbi decoder is described in copending U. S. Patent
Application Serial No. 08/126,477, entitled "MULTIRATE SERIAL VITERBI
DECODER FOR CDMA SYSTEM APPLICATIONS", which is assigned to the
assignee of the present 1nventlon and wh1ch is herein incorporated by
reference. o

Subsequent to identification of the data rate associated with a
particular received frame, the test data replication circuit 50 supplies a
locally-generated packet of test data of the appropriate type to the digital
comparator 49. Specifically, a frame category indicative of either a Rate 1,
Rate 1/2, Rate 1/4, Rate 1/8, Blank, Rate 1 with Bit Error or an Insufficient
Frame Quality is provided by the circuit 50 to co:_npai'rator 49. In addition,
TABLE III lists the number of bits within the test packet of a given frame
category provided to the comparator 49 in the absence of dim and burst or
blank and burst transmission. The first five types of locally-generated
packets listed in TABLE III correspond to the five types of transmitted
packets enumerated in TABLE L. For example, a Rate 1 packet is supplied to
the comparator 49 by the replication circuit 50.when it is determined that a
full-rate frame of test data was received without any detected CRC error.
Again, during decoding of each received frame the CRC code information
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received thereW1th is processed using conventional techniques in order to
identify bit errors arising during transmission.

Similarly, Rate 1/2, Rate 1/4 and Rate 1/8 packets are provided by the
replication circuit 50 to the comparator 49 when it is determined that one-
half rate, one-quarter rate and one-eighth rate fraines have been received in
the absence -of CRC error, respectively. A blank packet is supplied to the
comparator 49 when it is determined that the "blank and burst” flag of a
received frame has been set. If the detected CRC error is such that the

~ quality of the received frame is deemed insufficient to allow for accurate rate

determination, an erasure frame is provided by the test data replication
circuit 50. The erasure frame as provide contains no bits.

. TABLEII
Packet Type Test Bits per Packet
Ratel 171 '
Rate1/2 80
Rate 1/4 40
- Rate1/8 16
Blank 0
Rate 1 with Bit Errors - 171
Insufficient Frame Quality (Erasure) | . 0

The test packet generated by test data replication circuit 50 is in
accordance with the data packet generation algorithm discussed below. As
noted above, during "dim and burst" mode operation a flag is set which is
indicative of the size of the test packet and accompanying control message
data. This allows a test packet of the appropriate size to be supplied to the
digital comparator 49, subsequent to demultiplexing of the control message
from the received test sequence. |

VI Data Packet Generation

In a preferred embodiment the test data generation and replication
circuits 33 and 50 are operative to create the bit sequences within each packet
of test data by generating identical pseudorandom sequences of
predetermined length. In particular, the circuits 33 and 50 are disposed to
generate a 31-bit pseudorandom number for each data packet in accordance
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with the following linear congruential generator:
Xn = (a) e (Xn-1)(mod m)

where xp-1 and xn denote successive integer outputs of the generators. Ina
preferred implementation the parameters "a" and,"m" are selected such that

a= 75'— 16807, and
=231_1 =2147483647.

Durmg testing of the reverse link channel between the mobile unit
transmitter 30 and the cell-site receiver 40, the identical random number
generators within the circuits 33 and 50 are re-initialized each time the least
significant 9 bits of the result of a predefined exclusive-OR operation become

~equivalent to the least significant 9 bits of a 32-bit electronic serial number

(ESN) uniquely identifying a particular- mobile unit. Specifically, re-
initialization of the random number generation occurs each time the least
significant 9 bits of a bit-wise exclusive-OR of fhe Frame Number (i.e., # of
frames transmitted since last initialization) with a predefined mask
sequence (e.g., ‘0101 0101_ 0101 0101 0101 0101 0101 0101°) become identical to
the least significant 9 bits of the ESN. Different seeds are used to reinitialize
the random number generators for the Fori)vard Traffic Channel and the
Reverse Traffic Channel. The initial "seed” value of x is chosen based to be
equivalent to the result of the bit-wise exclusive-OR of the 32-bit Frame
Number at re-initialization with a reverse link "'Seed"_mask (e.g., ‘0101 0101
0101 0101 0101 0101 0101 0101"). . _

During each re-initialization the random number. generators are
iterated three tlmes prior to producmg a value (1 e., x3) used as the first, or
for Rate 1/8 packets as the only, one of a strmg of one or more concatenated
random numbers mcluded within a first frame Such multiple iterations
ensure that the test sequences generated at neighboring mobile stations
using identical processes will be appropriately decorrelated. During
variable-rate testing, the first random number produced (i.e.; x3) is also used
for selection of the data rate of the first frame in a manner described below.
These initial three 1terat10ns are performed as follows:

Xo = seed, -

X1 = aeXg mod m,

X5 = aeXy ‘mod m, and
X3 = aeX, mod m.
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Each value of x, may be transformed into a c¢otresponding 24-bit pseudo-

‘random number, yy, by taking the 24 most significant bits of x,. That is, yy is

the integer part of x,/128. The nth such 24-bit number, yy, can be expressed
in binary form as follows:

Y023 ¥Yn22 ¥n21 ¥n20 --* Yn3 ¥n2 Yn1 Yno

where y,, ,3 denotes the most significant bit of y,.

Again with respect to variable-rate testing, for Rate 1 frames, the
random number generator is iterated six times further following production
of the term x5 in order to provide the remaining bits included within the
test packet sequence. The Rate 1 packet is comprised of the 24 bit values y,
through y,, in addition to three predetermined bits, preferrably all “0’s” to

fill out the 171 bit test packet. For Rate 1/2 packets the random number
generator is iterated three times further following production of the term x;

in order to provide the remaining bits included within the test packet
sequence. The Rate 1/2 packet is comprised of the 24 bit values y; through

ys and the 8 most significant bits of the value yj5 to fill out the 80 bit test

packet. For Rate 1/4 packets the random number generator is iterated once
further following production of the term x; in order to provide the

remaining bits included within the test packet sequence. The Rate 1/4
packet is comprised of the 24 bit values y; through ys and the 16 most
significant bits of the value yg to fill out the 40 bit test packet. For Rate 1/8
data frames the 16 most significant bits of the random number Y3
corresponding to the initial value x; comprises the entire test packet |
sequence. It should be noted that when a Rate 1 packet is selected and there
is control message data, e.g., signalling or secondary traffic data, to be sent in
a "dim and burst" phase of test mode operation a Rate 1 test packet is
generated as described above, but a Rate 1/2 packet is provided to
multiplexer 32. Furthermore when there is control message data to be sent
in a "blank and burst" phase of test mode operation a Rate 1 test packet is
generated but a blank packet (i.e., 0 bits of test data) is provided.

In fixed rate testing the same rate test packet is generated for all
frames during the test at the selected fixed rate. For example, at 9.6 kbps, 4.8
kbps, 2.4 kbps, or 1.2 kbps, the random number generator is iterated seven
times for Rate 1, four times for Rate 2, twice for Rate 1/4, and once for Rate
1/8, respectively as discussed above in order to provide the requlslte number
of test bits. :

In alternate embodiments the’ forward communication link between
the cell-site station and the mobile station may be tested concurrently with,
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or instead of, the reverse communication link between the mobile station
and the cell-site. When testing the forward link, a transmitter substantially
identical to the transmitter 30 (FIG. 24A) is included within the cell-site and a
receiver substantially identical to the receiver 40 (FIG. 2B) is placed within
the mobile unit. In a preferred implementation the random number
generation process employed during forward link testing is re-initialized
upon the least significant 9 bits of the result of the bit-wise exclusive-OR of
the Frame Number with a forward link mask (e.g., ‘0010 1010 1010 1010 1010
1010 1010 1010°) becoming equivalent to the least significant 9 bits of the
mobile station ESN. ' Accordingly, although re-initialization of the forward
and reverse link random number  generation processes will occur at
different times, each process will be re-initialized once every 512 frames.

VIL Frame Rate Selection

Referring again to TABLE I, in an exemplary embodiment a series of

test packets designed to emulate speech are generated at rates selected in

accordance with a 16-state first order Markov chain. The state of the Markov
chain is defined by the data rates associated with the two preceding test
packets, as indicated by TABLE I. As may be appreciated from TABLE I, each
state is capabl'e of transitioning into one of at most four states at the
conclusion of a particular frame. For example, since “state 0" exists when
the rates of the Nth (i.e., current) frame and of the rate of the (N-l)th frames
are 1, the rate of the (N-1)th frame of any state into which state 0 transitions
must also be 1. Hence, state 0 can transition only into states 0, 1, 2 and 3; and
state 1 can transition only into states 4, 5, 6 and 7. In general, state "M" can
transition into at most states (4*M) modulo 16, (40'M+1) modulo 16,
(4*M+2) modulo 16, and (4*M+3) modulo 16. '

Referring now to TABLE IV, there is' compiled a set of cumulative
probabilities indicative of the likelihood that an (N+1)st speé'ch frame will
be of a particular rate as a function of the Markov state existing at the nth
speech frame. Each of the cumulative probabilities within TABLE IV are

~ scaled to fall within the range of 0 to 32,768.. That is, an entry of 32,768

corresponds -to a probability of unity, an entry of 0. corresponds to a
cumulative probability of zero, and so forth. For-examp'le, assuming that
the Markov state of the nth frame is 0, TABLE IV specifies that there exists
zero probability that the data rate of the (N+1)st frame will be either 1/8 Rate
or 1/4 Rate. Similarly, there is a probability of 2916/32,768 that the (N+1)st
frame will be 1/2 Rate, and a probability of (32,768-2916)/32,768 that the
(N+1)st frame will be full-rate. The entries within TABLE IV are
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representative of arr exemplary set of empirically derived speech parameters,
it being understood that the values of such entries could be modified so as to
model other variable rate processes.

- TABLEIV
State of . Cumulative Probability of (N+1)5t Frame Rate
Nth Frame Rate 1/8 ' Rate 1/4 or 1/8 | Rate 1/2, 1/4 or 1/8

0 0 | 0 2916
1 0 20906 25264
2 0 0 _ 0
3 0 | 0 | 0.
4 0 0 4915
5 0 17170 24969
6 21856 25887 27099
7 0 . 0 0
8 0 0 4522
9 0 . .5472 16384
10 21856 21856 24576
11 28246 29622 30802
12 0 0 : 5472
13 0 6554 ' 6554
14 : 28377 128934 : 29491
15 29753 : 32473 : - 32571

The 24-bit pseudorandom number yn which, as noted above,
comprises all or part of the test packet sequence of a given frame, may also
be used to facilitate random selection of the data rate of each succeeding
frame. In particular, a pseudo-random number z; is formed from the
15 least significant bits of the 2_4-bit random number yp associated with the
Nth frame, and hence ranges in value from 0 to 32,768. The data rate of the
(N+1)st frame is determined by comparing the value of z to the entries in
the row of TABLE IV corresponding to the Markov state of the nth frame.
In general, a rate Rj is chosen if the value of zy is greater than or equal to the
entry in the column "i-1", and is less than the entry in the "ith" column.

'As an example, TABLE IV indicates that if the Markov state of the nth
frame is 6 and z, is less than 21856, then the data rate of the (N+1)st frame is
selected to be Rate 1/8. That is, a Rate 1/8 test packet is generated within the
test géneration and replicatibn circuits during the (N+1)st frame. Again
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considering the case of the Markov state of the Nth frame being 6, when z, is
greater than or equal to 21856 but less than 25887, the data rate of the (N+1)st
frame is selected to be Rate 1/4 and a Rate 1/4 test packet is generated.
Similarly, if z, is greater than or equal to 25887 but less than 27099, the data
rate of the (N+1)st frame is selected to be Rate 1/2 and a Rate 1/2 test packet
is generated.- Fmally, if z is greater than or equal to 27099, the data rate of
the (N+1)st frame is selected to be Rate and a Rate 1 test packet is generated. -

" In an exemplary embodiment, the Markov chain is set to state 15
upon initialization of the test data generation c1rcu1ts 33 and 50. Upon
subsequent re-initialization of the random number generators within the
circuits 33 and 50, the state of the Markov chain is agam reset to state 15.

Vlll Accumulahon of Frame Error Statlstlcs

Referring now to TABLE V, there are listed a set of transmitted frame
counters accumulated within a mobile unit control processor memory (not
shown). The annotation RT, used within TABLE V denotes the data rate
associated with the nth frame transmitted by the mobile unit subsequent to
test initialization. For each frame transmitted after test ini_tializatien, the
mobile unit control processor increments"en' 'appropriate one of the counters
included within TABLE V. _

Similarly, there are mcluded w1tlun TABLE VI an exemplary set of
received frame statistics accumulated within a base station control processor
memory (not shown). The annotation RRy used within TABLE VI denotes
the data rate associated with the nth frame received by the base station
subsequent to test mltlahzatlon In addition, the term "CRC error" refers to
CRC errors detected dunng the decoding process Snmlarly, the phrase "test
sequence error” indicates one or more bit errors were detected by digital
comparator 49 during a b1t-by—b1t companson of a received and a
corresponding replicated test packet sequence. For each frame received after
test initialization, the base station control processor increments an
appropriate one of the counters included within TABLE VI. The counters
within TABLE VI are incremented based on the results of up to several rate
determination operatlons These operatlons may. mclude, for example, a
Viterbi decoding process,. CRC error- checklng, and various energy
measurement techniques.

In an exemplary embodiment a first rate determmatlon method is
implemented using the above-referenced therbl decodmg process carried
out by the decoder 45. - Bit errors undetected durmg Viterbi decoding but
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subsequently detected during the test data comparison performed within

digital comparator 49 are-also recorded within TABLE V. In a particular

implementation the contents of TABLE V may be replicated within the base

station control processor memory, and the contents of TABLE VI replicated
5 within the mobile station control processor memory.

TABLE V
Counter Name Description
MSO2_T1 Number of Rate 1 packets transmitted for which RTp
_ wasal '
MSO2_T2 |Number of Rate 1/2 packets transmitted for which RTp,
. {wasal/2 - '
MSO2_T3 Number of Rate 1/4 packets transmitted for which RTq
' wasal/d
MSO2_T4 Number of Rate 1/8 packets transmitted for which RTj,
wasal/8 |
MSO2_T5 |Number of “dim and burst” packets transmitted for
which RT,wasal |
MSO2_Té6 Number of “dim and burst” packets transmitted for
3 which RTp wasa 1/2 |
MSO2_T7 Number of “dim and burst” packets transmitted for
which RT, wasa 1/4
MSO2_T8 Number of “dim and burst” packets transmitted for
which RT, wasa 1/8 :
MSO2_T9 |Number of “blank and burst” packets transmitted for
' which RT, wasa 1l . _
MSO2_T10 |Number of “blank and burst” packets transmitted for
" ‘which RT, wasa 1/2
MSO2_T11 | Number of “blank and burst” packets transmitted for
, ‘which RT, was a 1/4
MSO2_T12 |Number of “blank and burst” packets transmitted for
which RT, was a 1/8 | -
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TABLE VI

Counter Name

Description

MSO2_R1 | Number of Rate 1 packets received in absence of CRC or
| test sequence errors given that RR, wasa 1
MSO2_R2 | Number of “dim and burst” packets received given that
RRywasal
MSO2_R3 | Number of “blank and burst” packets received given that
" |RRywasal
MSO2_R4 Number of Rate 1/2 packets recelved without CRC
errors, and in the absence of “dim and burst”, given that
RRpwasal o
MSO2_R5 = | Number of Rate 1/4 packets received, in the absence of
' “dim and burst” , given that -RRn wasal .
MSO2_R6 | Number of Rate 1/8 packets received, in the absence of
“dim and burst”, given that RR, was a 1
MSO2_R7 ° [ Number of Rate 1 packets recelved with- detected CRC
errors given that RR, was a 1
MSO2_R8 Number of packets received W1th insufficient frame
| quality given that RR was a 1
MSO2_R9 | Number of Rate 1 packets received in absence of CRC,
' but with detected test sequence errors, ngen that RRy,
‘wasal
MSO2_R10 |Number of Rate 1 packets recelved in the absence of CRC
errors given that RR, was a 1/ 2
'MSO2_R11 |Number of “dim and burst” packets received given that
_ RR, wasa 1/2 _
MSO2_R12 |Number of “blank and burst” packets recelved given that
| |RRywasal/2 -
MSO2_R13 | Number of Rate 1/ 2 packets recelved in the absence of
CRC or test sequence errors glven that RRp, was a 1
MSO2_R14 |Number of Rate 1/4 packets received in the absence of
“dim and burst” glven that RR, was a 1/2
MSO2_R15 |Number of Rate 1/8 packets received in the absence of
' “dim and burst” given that RR, was a 1/2
MSO2_R16 |Number of Rate 1 packets received with detected test

sequence errors given that RR, was a 1/2
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MSO2_R17 [Number of packets received with insufficient frame
quality given that RR, was a 1/2

MSO2_R18 |Number of Rate 1/2 packets received with detected test
sequence errors given that RR, was a 1/2

MSO2_R19 | Number of Rate 1 packets received: in the absence of CRC

' errors given that RR, was a 1/4

MSO2_R20 |Number of “dim and burst” packets received given that
RRhawasal/4

MSO2_R21 |Number of “blank and burst” packets received given that
RRpwasal/4

MSO2_R22 | Number of Rate 1/2 packets received without CRC
‘errors, and in the absence of “dim and burst”, given that
RR,wasal/4

MSO2_R23 | Number of correct Rate 1/4 packets received given that

' RRpwasal/4

MSO2_R24 - | Number of Rate 1/8 packets received in the absence of
“dim and burst” given that RR, was a 1/4

MSO2_R25 | Number of Rate 1 packets received with detected test
sequence errors given that RR, was a 1/4

MSO2_R26 |Number of packets received with insufficient frame
quality given that RR, wasa 1/4

MSO2_R27 | Number of Rate 1/4 packets received with detected test
sequence errors given that RR, was a 1/4

MSO2_R28 |Number of Rate 1 packets received in the absence of CRC

. | errors given that RR, was a.1/8 :
MSO2_R29 |Number of “dim and burst” packets received given that
| RRhwasal/8 :

MSO2_R30 [ Number of “blank and burst” packets received given that
RRhowasal/8

MSO2_R31 |Number of Rate 1/2 packets received without CRC
errors, and in the absence of “dim and burst”, given that
RRp was al/8 -

MSO2_R32 | Number of Rate 1/4 packets received in the absence of
“dim and burst” given that RR, was a 1/8

MSO2_R33 . | Number of correct Rate 1/8 packets received given that

RRnwasa1/8
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MSO2_R34 Number of Rate 1 packefs 'r'_'eceive_d with detected test
- ' sequence errors given that RRp wasa 1/8

MSO2_R35 |Number of packets received with insufficient frame
quality given that RR, wasa 1/8

" MSO2_R36 | Number of Rate 1/8 packets received with detected test
' sequence errors given that RR, was a 1/8

MSO2_R37 |Number of correct rate “m” packets given that RR,, was
“m"”, therefore :

(MSOZ R37 = MSO2_ Rl + MSOZ R13 + MSO2_R23 +
MSO2_R33)

MSO2_R38 | Number of Rate 1 packets received in error, therefore:
' (MSO2_R38 = MSO2_R4 + MSO2_R5 + MSO2_R6 +
MSO2_R7 + MSO2_RS8)

MSO2_R39 |Number of bad frames. overafl; therefore:

(MSO2_R39 = MSO2_R14 + MSO2_R15 + MSO2_R16 +
MSO2_R17 + MSO2_R18 + MSO2_R19 + MSO2_R22 +
MSO2_R24 + MSO2_R25 + MSO2_R26 + MSO2_R28 +
MSO2_R31 + MSO2_R32 + MSO2_R34 + MSO2_R35 +
MSO2 R38)

- subscript "m

IX. Computation of Frame Error Rate -

The frame transmission and error statistics compiled within TABLES
V and VI may be utilized in computation of a set of frame error rates
associated with transmission at various frame rates. An exemplary set of
frame error rates (FERs) for full-rate, 1/2 Rate, 1/4 Rate, and 1/8 Rate
transmissions on the reverse link between the mobile and cell-site stations
may be determined in accordance with the following expressions:

FERFull-Rate =1 - MSO2 _R1¢/MSO2_Tim,
FER] /2 Rate = 1- MSOZ R13c/ MSOZ TZm,
FER1/4 Rate = 1 - MSO2_R23¢/MS02_T3m, and
FER1/8 Rate = 1- MSO2_R33c/MSO2_ Tém,

where counters incremented within the mobile station are 1dent1f1ed by the
"m", and where counters incremented v_vxthm the in the cell-site
station are denoted by the subscript "c". Itis noted that the exemplary set of
frame error rate expressions set forth above are independent of the number
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of dim-and-burst frames and blank-and-burst frames transmitted over a
particular test interval. :

Similarly, the frame transmission and error statistics compiled within
TABLES V and VI may be utilized in computation of a set of frame error
rates associated with transmission over the forward link at various frame
rates. An exemplary set of frame error rates (FERs) for full-rate, 1/2 Rate, 1/4
Rate, and 1/8 Rate transmissions on the forward link from the cell-site
station to the mobile unit may be determined in accordance with the
following expressions:

FERFull—Rate =1- MSOZ_le/ MSOZ_T].C,

~ FER1/2 Rate =1 - MSO2_R13m/MSO2_T2c,
FER1/4 Rate = 1- MSO2_R23m/MSO2_T3¢, and
FERI /8 Rate = 1- MSOZ_R33m / MSO2_T4c,

where counters incremented within the mobile station are again identified
by the subscript "m", and where counters incremented within the in the
cell-site station are denoted by the subscript "c". This exemplary set of
forward link frame error rate expressions are also independent of the
number of transmitted dim-and-burst frames and blank-and-burst frames.

It is observed that the values of the cell-site siation counters
MSO2_T1c, MSO2_T2¢, MSO2_T3¢, and MSO2_T4¢ may be estimated by
summing the values of the corresponding mobile station counters.
Similarly, the values of the mobile station counters MSO2_T1m,
MSO2_T2m, MSO2_T3m, and MSO2_T4m may be estimated by summing
the values of the corresponding base station counters.

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
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 intended 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. '

WE CLAIM:
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1. In a communication system in which digital information is

- transmitted at transmitted at variable rates over a communication channel,

a method for testing said communication channel comprising the steps of:

transnﬁtting_ a test sequence of digital '-data at one or more of a
plurality of selectable rates over said communication channel;

receiving said test sequence of digital data transmitted over said
communication channel; S

generating a replica of said test sequence of d1g1ta1 data; and

comparing said replica of said test sequence of digital data to said test
sequence of data received over said communication channel so as to
determine accuracy of data transmission over said communication channel.

2. The method of Claim 1 wherein said step of transmitting
includes the step of transmitting said test sequence of digital data at a first of
said one or more selectable data rates and said step of receiving includes the
step of identifying said first data rate.

3. The method of Claim 1 wherein said test sequence of digital
data is generated in accordance with a pseudorandom process.

4. The method of Claim 1 wherein said ‘step of transmitting
includes the steps of: ' |

generating a first plurality of data packets compnsmg said test
sequence of digital data;

assigning one of a multiplicity of data rates to each of said data packets
in accordance with a first pseudorandom process; and

transmitting each of said first plurality of data packets at the one of
said multiplicity of data rates assigned thereto. -

5. The method of Claim 4 wherein said step of generating said
replica of said test sequence of digital data includes the step of generating a
second plurality of data packets substantially identical to said first sequence
of data packets. '

6.  The method of Claim 4 wherein said step of generating said
first plurality of data packets includes the step of generating bit sequences
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within each of said first plurality of data packets in accordance with a second
pseudorandom process. '

7.  In a digital communication system in which frames of digital
data are transmitted at selected rates over a’ communication channel
between a remote terminal and a base station, a method for testing said

- communication channel comprising the steps of:

_ transmitting, from said remote terminal to said base station over said
communication channel, a first of said frames of digital data, said first frame
of digital data including a first packet of digital test data;

receiving, at said base station, said first frame of digital data;

generating, at said base station, a replica of said first packet of digital
test data; and _ .

comparing said replica of said first packet of digital test data to said
first packet of digital test inherent within said first frame of digital data
received at said base station so as to determine accuracy of data transmission

over said communication channel.

8. The method of Claim 7 further including the step of receiving
each of said frames digital data at said base station determining a data rate
associated with each of said received frames of digital information.

9. The method of Claim 8 further including the step of generating
said replica of said first packet of digital test data in accordance with the data
rate associated with said first frame of digital information.

10. The method of Claim 9 further including the step of generating
a bit sequence within said first packet of digital test data in accordance with a
pseudorandom process.

11.  The method of Claim 7 wherein said step of transmitting said
first frame of digital data over said communication channel includes the
step of modulating said first frame of digital data using a spread spectrum
modulation signal.

12.  The method of Claim 7 wherein said step of transmitting said

~ first frame of digital data over said communication channel includes the

step of modulating said first frame of digital data using a pseudo-noise (PN)
signal corresponding to a predetermined PN binary sequence.
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13. The method of Claim 7 further including the step of
transmitting a plurality of frames of digital déta over said communication
channel wherein each one of said plurality of frames includes a packet of
digital test data generated in accordance w1th a pseudorandom ‘process.

14. The method of Claim 7 wherein said step of c’oniparing
includes the step of comparing bit sequences comprising said replica of said
first packet of digital test data to a corresponcfing bit sequence within said
first packet of digital test data in order to accumulate a cumulative bit error
count. '

15.  The method of Claim 14 further inéluding fhe'steps of:
counting said frames of said digital information received at sa1d base
station so as to determine a received frame count; and
- calculating frame error statistics based on said- cumulatlve bit error
count and said received frame count. '

16. In a digital communication system in which frames of digital
information are transmitted at selected rates over a communication channel
from a base station to a remote terminal, a method for testing said
communication channel comprising the steps of:

transmitting, from said base station to said remote terminal, a packet
of digital test data within each of said frames of -_'ciigital information; -

receiving, at said remote terminal, sa_id frames of said digital
information transmitted from said base station;

generating, at said remote terminal, replica_s ‘of each of said packets of
digital test data within said frames of digital information received at said
base station; and '

comparing said replicas of said packets of digital test data to said
received packets of digital test data so as to determine accuracy of data
transmission over said communication channel.

17. The method of Claim 16 wherein said step of comparing
includes the step of comparing bit sequences comprising said replicas of said
packets of digital test data to corresponding ones of bit sequences comprising
said received packets of dxgltal test data in order to accumulate a cumulative
bit error count. '
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18.  The method of Claim 17 further including the steps of:

counting said frames of said digital information received at said
remote terminal so as to determine a received frame count; and

calculating frame error statistics based on saxd cumulative bit error
count and said received frame count.

19. In a communication system in which digital information is
transmitted at selected rates over a communication channel, a system for
testing said communication channel comprising: -

a transmitter for transmitting a test sequence of digital data at one or
more selectable rates over said communication channel;

a receiver for receiving said test sequence of digital data transmitted
over said communication channel, said receiver including means for
generating a replica of said test sequence of digital data; and

a digital comparator circuit for comparing said replica of said test
sequence of digital data to said test sequence of data received over said
communication channel so as to determine accuracy of data transmission
over said communication channel.

20. The system of Claim 19 wherein said transmitter includes
means for transmitting said test sequence of digital data at a first of said one

or more of said selectable rates and said receiver includes means for
identifying said first data rate.

21.  The system of Claim 19 further including means for selecting
said test sequence of digital data from a set of pseudorandom data sequences.

22. The system of Claim 19 wherein said transmitter further
includes: ' ' , '

means for generating a first plurality of data packets comprising said
test sequence of digital data; :

means for assigning one of a multiplicity of data rates to each of said
data packets in accordance with a first pseudorandom process; and

means for transmitting each of said first plurality of data packets at
the one of said multiplicity of data rates assigned thereto.

23.  The system of Claim 22 wherein said means for generating said
replica of said test sequence of digital data includes means for generating a
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second plurality of data packets substantlally identical to sa1d hrst sequence
of data packets

24.  The system of Claim 23 wherein said means for generating said
first plurality of data packets includes means for generating bit sequences
within each of said first plurality of data packets in accordance with a second
pseudorandom process. |

25. In a digital communication system in which frames of digital
are transmitted at selected rates over a communication channel between a
remote terminal and a base station, a system for testing sald communication
channel comprising:

a transmitter, disposed in said remote termmal for transmitting a
packet of digital test data within each of said frames of digital information;

a receiver, disposed at said remote terminal, for receiving said frames
of said digital information transmitted from said base station;

~ means for generating replicas of each of said packets of digital test data

within said frames of digital information received at said base station; and

means for comparing said replicas of said packets of digital test data to
said received packets of digital test data so as to determine accuracy of data
transmission over said communication channel.

26. The system of Claim 25 wherein said receiver includes means
for determining a data rate associated with each of said frames of digital

information.

27.  The system of Claim 26 further including means for generating

each of said replicas of said packets of digital test data based on the data rate

associated with one of said frames of digital information.

28.  The system of Claim 27 further including means for generating
bit sequences within each of said packets of digital test data in accordance
with a pseudorandom process. -

29. The system of Claim 25 wherein said comparator means
includes means for comparing bit sequences comprising said replicas of said
packets of digital test data to corresponding ones of bit sequences comprising
said received packets of digital test data in order to accumulate a cumulative
bit error count. | |



