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I NVENTION 5 |. Field of the Invention : The present

invention relates to comunication systemg utilizing di gital signals,

and, nore particul arly t o, a novel and i nproved I;I:E,I hod and 10 apparatus for
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syst ens have ‘been devel oped to allow transm ssion i nformation

ZI gnals froma source location to a physically distinct user _
estination. Both analo el t to transm t

such information signal &%&mtémﬁm g the source

and user Bocations. Digital methods tend to afford‘several advantages 20

rel ative to RrEehDof e mvprdion i ncl udi ng, for exanple, inproved i mmunity
to channel noise and interference, increased capacity, and inproved

freg gg'mt %/t ing.a of ‘rll“tﬁo ﬂés@ﬁi 1ﬁ'0eh’filbﬁuﬂéla§éset¢l&%rﬂﬁlltﬁﬁ§it¥ﬁlsyttems utilizing In
i na our ce l,oc ve _
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foélml sui @bl f)ﬁﬁat@:fsf lfonremralmawimy $he0 ura\lfrty tfe trdawsmissiortoover siddgitabr
nodul ation, of the | i gnal |nvoI ves varying a parameter of a
carrier wavec%lﬁ“?“'élcﬁgg’f‘ngg?gﬁﬁ% information signal in such a way that the
spectrumof the resultin is confined within the channel

ated carrier
bandwi dt h. All- Pﬁcﬂ?&m‘l‘%c'ggqgﬂ atedL AL | gi nal message signal is replicated

30 froma version of the nodul ated carrier recei ved subseguent to
pr opagat il6n Gosmmamdicatinm sEstemsybave deencdevelaped tgeﬁl W | trgnsmissian: d
by using an of infdriaticie sigmubqfdfadalls@w@@ 16¢21636 to &P yiedll ydistficE tide£ e

e sinaton /o0 (s i Gt DAL BLD G Bmarit
channel . Ml su¢h dnfortestion WMrmmumysﬁmhmhlelmlmkmg ithe sdaree
plurality of h8"Rk& iggast%ﬂsb ®'Digital methods tend to afford several advantages
20 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
25 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
30 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’
35 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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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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Mor e particularly, conmunication in a CDVA system between a pair of
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25 com‘rum cat 'do . lg}lljr% Eythe quahty 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
25 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

30 = 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
35 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.

L_I
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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

30

35

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 present invention will
become more apparent from the detailed description set forth below when
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FIG 1 shows N ¢x&edrary cel lul ar subscriber digital comunication
system wi t hi n which the communi cati on channel testing technique of the 5

present invention nay be enpl oyed. FIG 2Aillustrates a
preferred inpl enent aDEiﬁAle)nﬂES@RWTION OF EFHERREFERRED wit hin
which a transmt portion of the di %Nf# I I cation test system of
the invention is enbodi ed. RP shows a bl ock diagramof a
cell-site eégl%?r op ratlve to 10 receive transm ssions fromthe nobile
units depl oy é(ﬁ“&ﬂ,"om ated cell or sector.

DETAI LED DESCRI PTI ON OF THE PREFERRED ' :

ENMBODI VENTS An exemplary cellular subscriber digital communication system

within which the communication channel testing technique of the present

20 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

25 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

30 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

35 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

40 coverage area. Accordingly, handoffs are made between sectors of a same
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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

25 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. L o _

30 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

35 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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a portion of vdieefinfarmation front aseocalerctoumtiliplexer B2d- Asiiis deseribed belddy,
7 P e mltipleser 22 slows eonip! prossngpe end the ke i bRt gchy

sequence W;Elptﬁst data during a "dim et rphasepek test mods operation. In a
control | ed bytest fHtleSof bpetatidf, 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
25 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

30 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

R

example, a vocoder via input line 31. An exemplary frame structure is
described in, for example, copending U. S. Patent Application Serial
35 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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out put | evel . The transmt signal is then passed on to a dupl exer and
an ant enna. Al though the present inwention may be enbodied within a
spread spectrum communi cation system the principles of the invention
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generated within the receive station. In accordance with the invention, the
integrity of data transmission over the communication channel may then
be evaluated on the basis of this. comparison between the received and
locally-generated versions of the test data.

25  Considering now the operation of the encoder/ interleaver 35 in
greater detail, in a specific embodiment the encoder/interleaver 35 is
ciieposed to generate a code sequence output using '_a"64-a'r'y orthogonal
signaling technique. In 64-ary orthogonal signaling a set of 64 possible
characters is available for data encoding, with each character being encoded

30 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

35 data rates produced by the vocoder on a 20 msec frame basis. However, the
repeated code symbols are not transmitted over the air at lower energy
levels, rather only one code symbol of a reﬁetition group is transmitted at

the nominal power level.. That is, the code repetition in the exemplary
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t he nom nal power e _code repetitio (_{1 rL
ocally-generated test packet replica. In a preferred embo e results
25 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 linking the mobile unit and cell-site
station. - - _
It is a feature of the present invention that the "forward link" from
30 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
35 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
40 receiver 40 operative to receive transmissions from the mobile units
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been transmitted during a "dim and burst" phase of test mode operation, the
demultiplexer 47 identifies the first bit of each concatenated frame of
25 test/message data. The composite bit sequence comprising each
| c_oncatenated frame is then bifurcated into sequences of receivedl control
message data and a received packet of digital test data. As is indicated by
FIG. 2B, the received control message data is output by demultiplexer 47 to
the cell-site cont_ro_l'proces_sor during "dim and burst" test mode operation.
30 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 asto route
the recovered digital signal data output by decoder/deinterleaver 45 to the
35 cell-site control processor. During test mode operation, switch 48 effectively
links the output of the decoder/deinterleaver 45 to a digital comparator 49.
As is indicated by FIG. 2B, the digital'éqmpafatbr 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

uring bettanprmal and ®stary |
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t he i nput digilVal dEesaPhchels@'enemhdw t he transmt modul ator 30 (FIG
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: 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.

As mentioned above, either fixed-rate or variable-rate data may be

25 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.,

30 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

- 35 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

40 which the current Markov "state" is a function of the data rates of the
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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
20 pseudorandom process. Synchronization of the bit sequence generation
processes performed using the data generation and replication circuits 33
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rates of 10hcone-eighth ofthe fgil-rate (e.g., 1.2 kbps). The enco er/ 1nter eaver
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rate, halls- r atanneqindicated hyeIABLE. lorder thattheqprogust ofithe, data rateanchg
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"0" corréspon to a prece al r co secui ve franes chara Ierlzed
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TABLE | Frame Rate for Frame Rate for Mar kov
ft ate 20 Previ oug Frame (N-1) 1Curr'EMH.-Brlame (N L
1 ' . Packet Type Test Bits per Frame
' Rate 1 171
Rate1/2 80
Rate 1/4 _ - 40
Rate1/8 16
Blank. 0

As noted above, duriﬁg "dim and burst" test data transmission the

multiplexer 32 combines a control message with the test bits comprising a

25 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

30 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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1/ 4 . Under dérﬂam circumstances 1t may bkOdesired to transmitld 4ontrol
1/28 message gavmg i length spanning arj gnhre frame. In this case al'éiank and
1/8 . burst” frame ihcHiding only control messagdilnformatxon (i. e 0 bitsBof test

1/8 d
to appr oxi mat eta\) i transr&ﬁtedlﬁ n ca IOI())@Q'[ lpl a r é{é&“é}?%% qg}gﬁm ﬂne
sel ect ed |Fn &m:tlm&zmof ovethead bits) lp§enu@aartq@pec ¢hewerefp&nmat packey

TABLE | . Siftrol. mékagaidie FEhaireéd Widlihg SPIHEACET Wil 1pHALE of

packet s used |ng rate arl rate testjng ar

gener at ed usioﬁ’gr%F%fbecsFW]éHIYZO'blaé%éﬂ bnitgRemissionssare Rlsonidentified by
the bit sequehe %e&ﬁigi‘ aofla@within ahoﬁﬁéilil&ﬁy RedrisenitiRd ﬂéld“ﬁ é.hevefiead bits).

I%ecq'? ngg?&g%taﬁg a %e ?Pagc Ill'rl Ct ' tﬁame stru':tuzye\D n?a6y %e gunﬂ; in the teghglqgé

enabl es &0 exstaﬂdardp’l’lkéEhﬁ/ IS&QB drich s rthe talsbvéatreenpivtiedt pending Ep?hcanon
produced wit Ig ﬁ@ #Iftﬁ Referring now to TABL there
are |isted tRe AUNDGT ~included within the sequences conprising

a set of- _exe Iar e transmtted at vari ous data rates. For
exanmple, int #ﬁ@gi’ﬁggﬁ%% Hc’#’é’ﬁ‘r esented by TABLE Il a Rate 1 packet

i ncl udes ablt se uence of 171 bits transm tted at the full-rate

(e.g., 9.1 kbps). lthbm dhe/ deal:tﬁetecﬁqurr 40,sHhe it rate of eachnrecgived statahe

ful | rate (epa ckeﬂs%ﬁéﬁﬁﬁne@ byt dedod@cS! Insar |’e§ latye En%dment the
one auar G0 B e b K e AT AR B
encoder/ i nt etheamest dikely decoding sequence is determined with respect to each
received packet of test data. Since the decoder 45 is not provided with a
20 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
25 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
30 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 comp&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
35 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.
40 Again, during decoding of each received frame the CRC code information




" programmed to repeat code synbols for data rates less than the full-rate.

Each synmbol will be output 1, 2, 4 or 8 tines for full, half, quarter or
ceighth WO9%HMS4 packets of test data, respectively. AccorRITMGS9S/1553He
nunber of bits i ncluded within each packet (i.e., packet size) of test
data varies in the 15 manner indicated 1%y TABLE'll in order that the
product of the data rate and packet size repmins constant. In this way

an equi val erreceiyedethesewithyis processediusing monvensional sechnigbes incerdewitonh
~appropriate ia@ﬁﬁgsﬁm?fsef)ﬁgih id’@ring trarfihiséionng for frames in which the
th ul I - 2

data rate is les n rat’e.

TABLE | Similarly, Rate 1/2, Rate ¢ (4 and Rate 1/8 packetsspresprasiided byethe
8Rgt el replication circhif 50 to th'lg co_nﬁirat_or 49 when it is d%&'ﬁ‘\iﬁé@ that one-
Rate 1/8 5 half rate, one-quggter rate atnec:i one-eighth rate.fra‘me,s hgy%,l?ﬁen received in
0 the dbsenot &xf GRQVerrodurespectidely. ard barls packeisis sipplied to the

t ransm ssi on t i pl.exe i I e M thet he
test bits coﬁ#;"ﬁﬁgmgr 49"YlehPls 38 esg i RAF 1R PRI B3RS g o by
or Rate 1/ 8)regeivedp hasnbeen set. If shengetected: (IRQiereor is duchnthatdihe and
burst" node t t : ?%Be ot ' at a
of each fra a%tg .dtf?gtrels%'??ly gg fg?ﬁqugtes_ e ?ﬁﬁ%gﬂeﬁ@g‘?&g@g%%%ﬁﬁae% a
Rate 1/81Q esletgrmiaation, an eragurg frame iseprovided bythg) tast dasacreplisation

rel atively |&Qnafih30.0qhecdradirecRRirleCds pRHEAERoAMiIAs No-Bits. 152 30 bits of
control nessage data) are conbined in the frame for transm ssion. In

this way the nunber of test bits transPABLEdII s "di med" in order to enable

a "burst" of Conlww t he
testing process. WO sﬁ(cﬂ{m, Test Bits per Packet
PCT/ US95/ 15534 = =
Under certain cifcunstances iRatealy be desired kto transm#l a contr o} '

nmessage having alJl ength spangLaG entire frgme. In thBﬁ case a "plank and
burst" frame inc ' ' ' b ts of

test data) |s transnittRBated/4 he nobile unit. In aﬁbék\é'rriol ary
enbodiment a flap 5 (in theRgfyf%)f overhead [oits) I's gt so as tp specify
the size of the pest—peeket
Blank 0
Rate 1 with Bit Errors - 171
Insufficient Frame Quality (Erasure) | . 0

15
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
20 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

30 generate a 31-bit pseudorandom number for each data packet in accordance



and control nessage data transmtted during a "dimand burst" phase of
operation, Simlarly, "blank and burst” transm ssions are also identified
by t OB g a flag within an ancillary transmitted PEEUSIYISSH
overhead bits). Details on the flag in the frame structure may be
found in the technical 10 standard TIAEI¥1S-95 and in the above

ment i oned pendi,ng ljcatio Serial.No. 08/117,279. V. Test
Packet Repli ngtlt?bﬂ\%oﬁgiowmg ﬂnﬁﬁ ﬁ?ﬂgﬁ"r?é‘t'é@%%wé?f-r eceiver 40, the bit
rate of each receiyed (dat ket is determned by the decoder 45. In
an exenpl ary'enbo&y%rgtgﬁt(gﬁ'l)(m()dog@coder 45 is operative to inplenent a

Viterbi degodi al gorithmi I ch . the nost |ikel ecodi ng sequyence

i s deterni edw\%gfer'l xﬂés?)‘é‘lgtxnt‘ge"ggﬁ ﬁuccessl‘fgegﬁFs%HQBMt&og‘et&@Fr % Bithce
the decoder 4preferredtingplemettation tthe pat@mepersdia drihnédge selectétt stelgnhat of
code synbol repetition associated with each received frame, it is

. necessary to attenp&zﬂengygaﬁa each possible data rate. An exenpl afy
Viterbi decoder is _deggjibed,,| _ ding U. S. Patent Application
Serial No,,08/ 126,W§§eﬁfﬁdzjé§4§£%‘i7$l RATE SERI AL Vi TERBI DECODER FOR
CDVA SYSTER/I APPLI CATI ONS", which is assigned to the 25 assignee of the_
present invention BHgingitesting ofi¢hei reverslipk channelybetweery themokile unit
Su bf_equlent tOtrhﬂ%gIﬂt%t Got ard hthEI éél?sﬂétﬁcéﬁ%lﬁ_ﬁﬁft%' Rieadical Eraxggom nulmber
particul ar received frane, the fes a i cati,on, Gl rcul suppljes a
el |y gener BeRaTafIE REtth e circtits 33nd D a1f eamitializedt sast e e least

di giht al 30 csignificant® bi%s ofStlex rdsutiodf ¥ predéfined: /eﬁdhs?m’-@Ri rradibh\tfecine
either a Rate_ 1.. _Rat Rat 1 te l.with Bit
rror o A8 roiivplent G el oiifieaie's BRI 4 Bbk ASrodi sRr bl
to conpar at or (B8N) [uniquely i idlentifying eApagticular imobile hunitunifipecifically,sre- -
W thin the tegfitiRBeAtEs "'g'a{.ﬁg)r - I Yalalg OVl .

conpar at or 4gﬁ,litltr%,the it\)gefn?é,% ] %1 an bgar%%r@géﬁgﬂ #Pgﬁ%ﬁ%ﬁlﬁgr%\t@kaﬂ
transni ssi on. Sighifigant & bits pf 3 biawissr exclusivesOR ofcthe Brame Numher ére. Fiafi ed
in TABLE |11 framesspeanbrhittéd esinicee lastpenitidlidativigniwithda predefifiké@t snask

The comparat oieengs (¢ OLoX (oA Gai R o) qubr) Pkopi ideRtisal tou

a f ul | - r teelenstesignificant $t bitsof: thea ESNe c Blifferentiseeds  arengedi ¢o eeindtialieC

error. 40 Agagyy r&‘tﬁdngl%z) L BEn&atGAC for' BtE POt ATl TRaffileCHRMEL YR the
i¢

:32;'-? ngg} gg 5 Sgevers\e/\q ra annel. The initial "seed” valu_e_ of x; is chosen based to be

equivalent to the result of the bit-wise exclusive-OR of the 32-bit Frame
25 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 times prior to producing a value (i-e., x3) used as the first, or
for Rate 1/8 packets as the only, one of a st'rin_giof one or more concatenated
30 ran‘dbm numbers included within a first frame. Such multiple iterations
ensure that the test sequences generated at neighboring mobile stations
using identical pfocesses 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.
35 These initial three iterations are performed as follows:

Xo = seed, -

X1 = aeXg mod m,

X5 = aeXy ‘mod m, and
40 X3 = aeX, mod m.



15 received therewith is processed using conventional techniques in
order to Identify bit errors arising during transm ssion.

Sinmilarl yWORWE4S 2, Rate 1/4 and Rate 1/8 packets are pr ovPOBUSIR/1SSHE
replication circuit 50 to the comparator 49 when it is determned that one-
5 half rate, one-quarter rate and one-eiglth rate franmes have been
received in t he, absence of CRC error, respectively. A_blank packet is
supplied to t Bach va %ﬁf)énaméy ke tmomeds}né@taeﬁﬁfﬁéﬁomm 2ibit psandoand

P4 S 7S, Chpom o 45Uy aRg R 2es s 4 T CB 5K O
[ u ual i | I nsuf fi

to allow for él’?cﬁ'rt%ﬁ a'oﬁté’ i@/laé't gh?\’htﬁ “&Eiiaﬁté}%h?’é Yo &AB %e’mwe&td
by the test dmburaeplfoﬁﬁtamuows circuit 50. The erasure frame as prOV| de

contains nb bits.  TABLE 111
Packet Type VYn23 Yn22 VRO$SYBigt S - |7 1Y
Rate 1 n2s Y2z Yhat 'S - Phis FREIR Yno Rate 1/2
8Rg m where y,, 53 denotesﬁh’eenéétﬂslgmﬁcant bit of y,.. 40
t
0 © _ Agpin evv;Lth\,\qupeB]: ttoEyglaggle-rate testing, for Rate 11 %rames, the

I nsuf ficidot Faradoim@uainbey gehéftof & iterated six times further follokin ﬁédlit&fdfﬁt

Phe-dat o packel the 1A LR LFAL) 80 okl the dehibiblle bits AERRIGPIAR b
during " di m atest packet: seqsmce,paﬂm Rate hparket isscoraprisgd of the 24 bit values y;
i ndi cative of shiopighl \Agﬁ,aﬁi albfide 6 tH?é“ek?i-e&é% Efééﬁ'ﬂﬁé‘)’gf&leﬁﬁﬁly all ’fl?s?‘si%ge

20 data. This allo est packet of ldp“ ate size to“be supplied
to the dfil)i eut thedgarhit desmBaclsatbsEqn&wet 2qpackets gheiangos number
ConLr ol nSsagenerator s’ teratéd thméeﬂlmd ftlfe&ierifglluwiﬁ roductlﬁidl of tl'!Bafeﬁmd X3
Packet Generafion 25 referred.e ment, I he, test dat
generation anth r&ger cto pravide th%lrle ining bits, d%de"ﬂﬁ}éﬁnatthgeteﬁ) gﬁ e

the bit sequesepsenget e Bathlp2packet is compnsed tof dhe 240it yalwesays through
Sentcol, PCYURI U5 RRShny b O SENRIE S5 AL M) b o

particul ar curts ar e generate a
pseudor andom packesr Fer Ratecl/4 packetadhetrandont aumbercgenerator is iterated once

20 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

25 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

30 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
. 35 Kkbps, 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
40 the cell-site station and the mobile station may be tested concurrently with,
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fol |l ow IY&OI’WH@&? congruential generator: X[ er r [PCT/QS9F18534 |
(x[err])(nod m 5 where x[err] and x[err] denote successive integer
out puts of the generators. In a prefidrred’ |rrpl enentation the
paraneters "a", and i ni e sel ected such that a=7[err]=
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(e.g., '010 1 0101 0101 0101 0101"). During
each re-i i t TIMRP&FESL &ﬁg‘a nunber generators are i terated
three tlnes prior_to producing a value (i.e., x[err]) used as the first, or

for Rate 1/8 packiaferring again fo TABLE Ioﬂnérsexqrtng 25y embodiment a series of
concat enat edestOpackets ABsighebrs énvalate epedth fare gerlera®dd Af #Rs sdlédied in

nei ghbor i h;%ﬁ#&i\%&&%gﬁs 3&%5"&5%9@"6 Atk %ﬁ?@gge“” P barkov

appr opri at elchaiedodefinedeby thaudatey rates. assac:azwdl ewitht thet a&bl pn;eceﬂing ftestfst
o kAt it oy AU L 19 b7ty Rt o
initial thr&8ate i sapable of trpesitinning infor ene ek at most four statgscat |the
seed, conclusibi®of] a padfietilal frae] FBE 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
25 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
30 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
35 cumulative probability of zero, and so forth. For-exarhp'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
40 (N+1)st frame will be full-rate. The entries within TABLE IV are

‘(
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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 replication circuits during the (N+1)st frame. Again



In fixed rate testing'the sane rate test packet is generated for all
frames during the test at the selected fixed rate. For exanple, at 9.6
kbps, 4.W03%/17484ps, 2.4 kbps, or 1.2 kbps, the random nunbecT/gsesassdq4or i s

iterated seven times for Rate 1, four times for Rate 2, twice for Rate
1/4, and once for Rate 1/8, respecti2gely as discussed above in order
to provide the requisite nunber of test bits. In alternate.
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different tines, each process wll be re-initialize ce every 512 franes.
VIL Frane i'at%én of Frame Err B%ftfﬁst'i g again to TABLE I, in an
exenplary e 05' :fak-tahia Pes packets designed to errul ate

et or 48 har ke fdsnxarar Wik do FABLELY, hﬁse e HBIEF 2 WG st iR o,
the data r atmrﬂeuaccatmdlated twithin tav\mthkecuﬂltr@ntmlt pascesgac imtmor;asnot
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(I & s 24 S un Shufol Gcdsdor et SpAmTopbints 56, st
transition cmcluded svithiat BABLE V. 2 and 3; and. ‘state 1 can transition
only into states gm@arl§, Mite’are th@aded it %@BLﬁ" VE3AR exemplary set of
received frame statistics accumulated within a base station control processor
memory (not shown). The annotation RRy used within TABLE VI denotes
25 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
30 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 operatl_ons_ These operatlons may. mclude, for example, a
35 Viterbi decoding proeess,, CRC error. checklrtg, 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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IX. Computation of Frame Error Rate -

5

The frame.

transmission and error statistics compﬂed 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

10

may be determined in accordance with the following expressions:

FERFull-Rate = 1 - MSO2 _R1¢/MSO2_Tim,
FER] /2 Rate = 1- MSOZ R13c/ MSOZ TZm,
FER; / 4 Rate = 1 MSOZ_RZBc/ MSO2 T3m, and

15

FER1/8 Rate

= 1 - MSO2_R33¢/MSO2_T4m,

where counters incremented within the mobile station are identified by the

" "

- subscript "m

, and where counters incremented within the in the cell-site

station are denoted by the subscript "c". Itis noted that the exemplary set of

20 frame error rate

expressions set forth above are independent of the number
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W thout QR&96/17484 errors, and in the absengerffsosséssy and
“burst", given that RR[err] was a 1 MEO2_R5
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packet s r ece PASHCYIRT egh éi‘ CRC errors given that

ST LT o ARES Vogrt V1 e e veivad, BB tR ! A% e W™ 1

but }M th et eatesdagsesiated quithciransmission giverrthehforviRifelink)at various frame
wasa - t LVvegh Lna,t of
oRC rafiS” AR dremPifyles B ing erdi 1Al AERSF fn ol 1/2 RARSN7
MSO2_R11  NReter anfl 148nRatedtramsauissipns ken shecfarwasd ljinkefromm the cell-site
RRn was a 1/ %tati%n to RE%mBbile ublitTikiy Be dutervaine inUbStordanekeiwith the
recei ved given_that . RR[err] was a 1/2 ME2_R1
Nunber of fellowing expzessionsei ved i n the absence of B
CRC or te sequence errors given that RRlerr] was a 1 MEQ2_R14
Nunber- of Rate 1/ FERFulRateezd vMPOZ Rim/ %%Qﬁe'glof -

"di mand burst" gipm}fggtﬁe{ptMsmgkmﬂJ/Msoz_Tzc,NBOZ_MS Nunber of
ve

—

RR[err] was a 1 Similarlyly®he fliine transihission aﬂd@rmﬁstaﬁsﬁWileﬂ within

3

Rate 1/8 packets'r | I'n the of - "di mand
burst” given that rﬁbﬂ}{aﬂﬁa? g'f‘?géaﬂﬁ%m/wﬂﬁ%o ang,ber of Rate 1
packets recei ved WER] AeRaed edl t MSO2_R33m /MSO2_T4c, sequence errors -

given thatl5RRerr] was a 1/2 WO 96/ 17454
PCT/ US95/ 155%ﬂgere counters incremented within the mobile station a#é again identified
MBQ2_R17 Nynpey of packets Jjeceived with insufficient frang. .
qual ity gi verP¥ ﬁé@ SavSeript 'Ws apa 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
20 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,
25 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
30 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.
35
WE CLAIM:
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PCT/ US95/ 15%3dd one or more selectable data rates and said step of receiving includes the
4 step of identifying said first data rate. :

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

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

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

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

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

5. The method of Claim 4 wherein said step of generating said
2 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

4 of data packets. '

6.  The method of Claim 4 wherein said step of generating said
2 first plurality of data packets includes the step of generating bit sequences
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Ppackets received with detected test

sequence errors gi ven that err a 1/8 MSG2_R35 Number of
packets r aggig E quality gi @3{%55&' err]
was a 1/8 Xﬁ te 1/8 packets recelvgwl

detected test : - sequencejerrors given that RRlerr] was a
1/8 MSQ2_R37 ‘Nunber of correct rate "ni' packets given that RRlerr]
was within each of s#id firb?pﬁ.{xﬁll\}g/ of data packets in accordanté/Réh B3écond
MSQ2_R1 + NBQ2 Rl% M502_R38 Nunber of
Rate 1 pacKet PSFR QYQ%WFPIQF?ﬁ' therefore (MSO2_R38
= MS02_R4 + MSO2_R5 + MSO2_R6 + MsQ2_R7 + MSO2 R8) - M5Q2_R39

oo e+ hece 1T+ YAk gl eShihbinication system in ivhich ARG

MSO2_R19 + 2vBdat&o&re+ transmitted at selected 32 Ver 4 kBGBMRRIcatidbhard®] +

Vecorag) . berygen asemote tenhi- 1A & oHBCRARiG, R ot JBHR TR

transmissi dh &nmmunmatwmchme!@mmsm steps ofABLES V and VI may
be utilized in Conﬁi’ﬁﬁf&ﬁﬂﬁngf £ran® 8hidP Ferhbfd Rerfiingl tc5 8hi¥base sﬁﬁ%ﬁ%@ér%ld

wth transrsgssron at .vario

me rate An,_exenp
error rated (EERRMUpigation ¢ a first ¢€$aé amperf 3,%1&#[15&';&8 sqigh %rst?rame
transm ssi ons c@rahgiw[ daueﬁa&dlmgh fiet tiofali ﬁlﬂegt dawd; cel | -site stations

10 may be determ ned i.n. accord n ressi,ons:
FERLerr] = - NBcp TRATIEIG Afeesl G statioh, Said HrpCiiafh oF BigRaf gk
MBO2_R13] er r ] / VB2 _gEﬁpmtu}g, at said base sEfijrera feplich of said first packet of digital
MSO2_R23] e }[’F‘{ , and 15 FER[err] =1 -

VBO2 R33[err]/ err . where counters mcrerrented wi thin the
mobi [ e station areqomﬂmmgéaxdayeph@o Sa%lrﬁé%*r??ﬁ et af digital kestrdatadorsaids

IS ner g:ﬂlegz egzc}{wfirbt rpaktaet of dil t:qbét-e ﬁtelt(égent wﬁhgte tb@igtf Ho ]gz?mé E r&?‘g%aeta
expr essi ons sé'F‘?‘Bf-“i 3t Bﬁﬂga%?r %ta "&138 @ aRCHAREY © of ata transmission

14 over said communication channel

| 8. The method of Claim 7 further including the step of receiving
2 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
2 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
2 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
2 first frame of digital data over said communication channel includes the
step of modulating said first frame of digital data using a spread spectrum

4 modulation signal.

12.  The method of Claim 7 wherein said step of transmitting said
- 2 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)

4 signal corresponding to a predetermined PN binary sequence.
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25 of di mand- zﬂ"m"ﬂ l,r”i bl ank- and- bijrs]t fraﬂes transmtted over
a p te !) Simlarly, the
transm g{géﬁﬁl&% error Sta‘EIStIGS 5 | ed within TABE%@%%W&“\/I may
be utilized in conputation of a set of f#q'me error 5 rates associated with
transm ssion over the forward |ink at vaffous franme rates. An

exenpl ary set of franme error rates (FERs) for full-rate, 1/2 Rate, 1/4
Rate, and 1/8 Rate transmi ssions on the forward:link fromthe cell-site

station to the nbbil eThei methodeoficClaim nddfurthescindadingnithe shep 16f
foll ,
ol I'owi ng eﬁ'ﬁh@ﬁﬁhﬁ%?a plurallty of fral: 5% ‘%{frchgrtai dat%%%& rJo}H}@% e 1]

FE =1
lvsg[zerer]e,[ erﬁﬂ}?rrmgw rﬁ}a a3 Of said pluralifyof frames includes a packet of

MSO2_R33ker digi %%Mtﬂ"g@heral@d in accord@an@e MY hiseudbeAAGH r#n%c%é hin the
nobi l e station are again identified by the subscrl pt and where

counters increnented within the in the cell-site station are denoted
by the subscriptl4.c”. Thei methedplodr Clsieh Dfwhereirf caidrstepi 0f Eompariig or

G and. Bur Bictidef e et or QHRPEHAB N Seauelices tofiiting aid BPRMR Egg& ved
that the vafitadspasket iof digital destedatadtoi amowapoadmg bit seag@zcﬂwahu} said
MBO2_T2[ gr I first ket gk tﬂ‘;@tal fafd Stder gd F&@iﬁnﬁfat@%t emh%\te/bu error

summi ng the val'ues o correspondi ng nobi [e station counter
Simlarly, $%alues of the mobile station counters MSOR2_Tim 25
MBO2_T2[err], MSQ2_T3[err], and MSQ2_T4[err] nay be estimated by summ ng

the val ues of thg.cor spon € e sg coQ LS. o . The
previ ous descri pﬁo fﬁﬁgﬂgg? &?%‘H‘ %‘Jﬁﬁtﬁ‘ﬁé ?%“%)lﬂa?/ﬁm of o
enabl e aRy persouomkmmgsdld framhes of saitdodigitad mfomamMMrat said/base on.

The vari ousitgpﬁhf cﬁaétetn%lﬁgpazﬁcﬁm QU IBR ouMel hnde readily apparent to

those s enerlc rth|pIes defi ned herein may
be 4ppl i ed chukamg RS0 STEOR §ta\n5t1ﬁ%lha8¢ﬂeoru§eld>fcwwdammehmwr

facul ty. counithatsd shiderdrefae fram/einton 1S not :intended to be limted to
t he enbodi ments shown herein but is to be accorded the w dest scope

consi st ent with the principles and novel features disclosed herein.
16. In a digital communication system in which frames of digital

2 information are transmitted at selected rates over a communication channel
from a base station to a remote terminal, a method for testing said
4 communication channel comprising the steps of:
. transmitting, from said base station to said remote terminal, a packet
6 of digital test data within each of said frames of -_'ciigital information; -
' receiving, at said remote terminal, sa_id frames of said digital
8 information transmitted from said base station;
generating, at said remote terminal, replica_s ‘of each of said packets of
10 digital test data within said frames of digital information received at said
base station; and '
12 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
14 transmission over said communication channel.

17. The method of Claim 16 wherein said step of comparing

2 includes the step of comparing bit sequences comprising said replicas of said

packets of digital test data to corresponding ones of bit sequences comprising

4 said received packets of dxgltal test data in order to accumulate a cumulative
bit error count. ' '
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CLAI VB ummlﬂt“ tion systemin whi ch
|nforrrat|v(¥r?9|6g74 I l 1” insnitted at variabl e (rjhfglles 5"\/l 4a

conmuni cati on channel met hod for teggting said comunication channel
. conprising the steps of trans ting a test sequence of digital
data at one or norg of ral f7 REAR R aid
conmuni cati on chan?el ﬂg metl%&'o"i‘dll%lih\}?l{gg salg?m?dﬁg uenc F gl t al
data tranghitted opunting gaid fr digt,tnhnnéormatson recelv aéraaid ng

a replica of rgdidle t&ThirR® SBUCH Bétei‘irﬂhé %'re@éfv%d fEfhe count; and CO”pa” ng
said replica of sai gqutl est s& guence of di, a.h %a to al d’ te gsequence
of data rékeived Soegulatn Bﬂ‘ﬁuﬁ’l’r%tﬁt A8 98%@ ulatiyg St pHer
accuracy of ¢ountahdnsaid yeteived feame dotng.oNmuni cati on channel

2. The method of Claim 1 wherein said step of transmitting 2 includes

the step of transmtting said test sequence of digital data at a first of
sai d one or more <8 ectlnbhecdnnmmmaaenaswstem dnswhiclofdigitakiinforgnation tdes
the 4 | t 3

t?elnéflql V\ﬂag 4 by s@ﬁ:c? Gafds" {reldg goﬁalﬁgcatleré lcha?ne&a S5, s’@?ﬁ for

nmet hod of arm rern sal tes equen

gener at ed i n testing @axd:eommunmapwaudmmaimmum 4.  The
met hod of ai m.1 Aaheinitt &Eﬁf)‘“@‘fﬁﬁé ps
of : £ generatl B a ‘faldrtt u i""té at a cea?f d1§ﬁél;§rp§% é'{qﬁrg‘éts?gi d
test 4 seqiBfreselecta %Hesd%ﬁeﬁ -sal commumqg,g%q;) e of a

nul tiplicigy of dai eedewcgsfdrq&éﬁﬁmgfsa&ﬁ&ébtc&meﬁe@ lattdi tﬁl data aeﬁsﬁd&e&e
wth a first seudo%ﬁndo g&{g eS8 aﬁd id $ each of
first plurali P i3 (Rennele eaid geteifER Sochidhe e Ofat »
rates assi Sgnegtn‘emmwg a replica of said test sequence of digital data; and
a digital comparator circuit for comparing said replica of said test
10 sequence of digital data to said test sequence of data received over said
communication channel so as to determine accuracy of data transmission
12 over said communication channel.

20. The system of Claim 19 wherein said transmitter includes
2 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

4 identifying said first data rate.

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

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

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

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

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

, 23.  The system of Claim 22 wherein said means for generating said
2 replica of said test sequence of digital data includes means for generating a



5. The nethod of _CO aim4 wherein said step of generating said 2
replica of said test sequence of digital data includes the step of

gener at { seq¢fl ' data packets substantially identical
to said ]EI r@t“%equeiﬂ“lmlmmnuu'u acket s. 6. PCUHRENS8M 0 of
Claim 4 -wherein said>*tép bf Berferating said 2 first plurality of data
packets includes the step of generating t seqguences WO 96/ 17434

wthin each -
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of said fi r%ggé%‘? Rlupality of data, packets sybstaptially idgntical tg ¥ first smenee
pseudor ehdefidata packets. 7 In a digital conmunication systemin
whi ch frames of digital 2 data are transmtted at selected rates over a
comuni cati on channel between a renote term nal and a base station, a

method for testidfy salke systeshedtlaim 23 wherein said meansfon generatingegaidof :

transmi t3 | fikst fPlGRIRY 6f A paAckes TheRlddsOnfelind A WerierAlin'biP WBhusfldd
conmuni cati o chancg‘e' af$r£t of .sal(ijf{rames of digita ta,. sal I rst-
frame . oPihiyeech ofisaid fusk plikalily of data pagkeledh rordagce withactecomda;
recei vi ny, pseudorahdoracpmicess.on, said first frame of digital data,;
generating at said base station, a replica of said first packet of digital

10 test data; and comparing said replica of said first packet
of digital test 2fata Inoadligital 2ommusicatimrksystein i gvhich frentesi ohdtging
within [ [ feoflcgd ' . ' tation
S0 a5t o deFe TR R PS;;‘%?‘*% Bptekoder o oI i chandef BeRneart
comuni cat iT6Matf deFrainal and a base statipn, a system-farotesting Gaid communication

i ncl udi ng tcmnﬁhpﬁoﬁ{pﬁﬁﬁgi ving 2 each of said frames digital data at
sai d base station deter.nni a data rath associ,ated with each of said
Amised; fysaid remo (

recei ved frames HftaNSHHEEE, te terminal, forxansmitting ar
d ai m 8 & urgacket bhdigithil esttduta stithiroéagheobsaitli frgmes of aligitalemifbiaatdn;sai d

(Lot DEket O ki, BEpp R o B TR el e el
8 of said digital information transmitted from said base station;
~ means for generating replicas of each of said packets of digital test data
10 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
12 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
2 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
- 2 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
2 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

2 includes means for comparing bit sequences comprising said replicas of said

packets of digital test data to corresponding ones of bit sequences comprising

4 said received packets of digital test data in order to accumulate a cumulative
bit error count. | |

)



10. The nethod of Caim9 further including the step of generating 2 a
bit sequence within said first packet of digital test data in accordance

wth a tx,qgfandom process. 11. The method of Claim?7
wher ei n sg?’@%;? ep of transmitting said 2 first franme of di §FTISOULE3H over
sai d communi cation channel includes the step of nodulating said first

frame of digital data using a spread spectrum 4 nodul ation signal
12. The nethod of Claim?7 wherein said step of transmtting said 2-
first frame of digital data over said comrunication channel includes the
step of nodul ating said first frame of gjgital data using a pseudo-noise
(PN 4 signal corresponding to a predeterm ned PN binary sequence.
WD 96/ 17454 PCT/ US95/ 15534
28 _ : 13. The nethod of Caim 7 further including the step of
2 transmtting a plurality of frames of digital data over said
conmuni cati on channel wherein each one of said plurality of franes
i ncludes a packet of 4 digital test data generated in accordance with a
pseudor andom pr ocess. . 14, The method of daim 7 wherein said
step of conparing 2 includes the step of conparing bit sequences _
conprising said replica of said first packet- of digital test data to a
correspondi ng bit sequence within said 4 first packet of digital test data
in order to accunul ate a cunul ative bit error count . : 15.
The met hod of Claim 14 further including the steps of: 2 counting
said franes of said digital infdrnati@@ recei ved at said base station
so as to determ ne a received frane couﬁ?\ and 4 calculating frane
error statistics based on said cumjTative DIt _errjr count and said
recei ved frame countpamp o 16. SYSEEM gi thal comuRO/EROM systemin

T%FR -

STN

whi ch franes of digi CONTROLLER }=—» OTHER
AND SWITCH CELL-SITES

24b

FIG. 1



=2 information are transmtted at sel ected rates over a conmmuni cation
channel from a base station to a renote termnal, a nethod for testing
said 4 igation channel conprising the steps of:

'transm’tt?% romsaid base station to said renote term ﬁﬁf{"sas’bsé&et 6
of digital test data within each of sai4gsfranmes of digital information;
receiving, at said renote termnal, said frames of said digital 8
information transmtted from said base station; _ generating, at
said renote termnal, replicas of each of said _packets of 10 digital test
data within said frames of digital informN©n received at said base
station; and 12 conparing said repl of said packets of digital
test data to said recei ved packets of“digjtal test data so as to
determ ne accuracy of data 14 transm ssion -eve{ -said conmmuni cati on channel.

17. The nethod of Caim 16 wherein said st ‘ ccprrpari ng 2 includes
the step of conparing bit sequences conprk si % hi d replicas of said
packets of digital test data to correspondi np @nks of bit sequences
conprising 4 said received packets of diegi aﬁ: esy data in order to
accunul ate a cunul ati ve bit errongcount| = WD 96/ 17454
PCT/ US95/ 15534 “ E | 29 18.
The method of Cd aim 17 further includi he| s&eps ¢f: 2 counti ng
said frames of said digital information rece v§d atlsaid renot e
termnal so as to determne a received frine| aeupht; "and 4
calculating frame error statisti cs@Abased pn & idl culul ative bit error
count and said received frane count 19., In a conmuni cation
systemin which digital information\s 2 tranknitted at selected rates
over a communi cation channel, a syst@em fof tpst ng sai d conmuni cation
channel conprising: 4 atrangrtter o jrapsmtting a test
sequence of digital data at one or note pag¥eftable rates over said
comuni cation channel; 6 a recei VEE [og [ec iving said test
sequence of digital data transmtted Q(; ga d ¢omuni cation channel,
said receiver including neans for 8. geners§imgfa rlepl ica of said test
sequence of digital data; and <« l Q
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a digital conparator circuit for conparing said replica of said test 10
sequence of digital data to said test sequence of data received over said

conmmuni caivigyy/9fannel so as to determ ne accuracy of data tﬁé*ﬂﬁﬁéﬁgﬁﬂn 12
mo al

over said comuni cation channel. 20. The syste m 19
wherein said transmtter includes 2 neamggzfor transmtting said test
sequence of digital data at a first of said one or nore of said

sel ectable rates and said receiver includes neans for 4 identifying said
first data rate. : 21. The system of C aim 19 further including
means for selecting 2 said test sequence of digital data froma set of
pseudor andom dat a sequences. : 22. The system of Caim 19
wherein said transmtter further 2 includes: nmeans for

generating a first plurality‘bf data packets conprising said 4 test
sequence of digital data; means for assigning one of a
multiplicity of data rates to of said 6 data packets in accordance
with a first pseudorandom procéss; |and means for transmtting

each of said first plurality d&f “daga pddkets at 8 the one of said

nultiplicity of data rates asgign heret o. 23. The system
of Claim22 wherein said neans f rngenerating said @ replica of said test
sequence of digital data incI&Qgs gegdns or generating a WO 96/ 17454

PCT/ US95/ 15534 , 2 | 30 second
plurality of data packets subit&ctgilly identical Jto said first sequence 4
of data packets. 24. g sy'stem of @raim 23 wherein said neans
for generating said 2 firstlplur&?ity lof data packets includes ans for
generating bit sequences W t F=fach of said first plurality dat a
packets in accordance with a seco 4 pseudor andom pr ocess. 25. -
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i2 are transmtted at selected rates over a comuni cati on changg
renote termnal _and a base station, a systemfor testing sai N8
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(57) Abstract

] The invention provides a system and method for testing signal transmission quality wihin a digital communication system and may
be incorporated within a digital cellular communication system in which information is exchanged over spread spectrum communication
channels. A test sequence of digital data transmitted over the communjication 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
‘py comparing the replica of the test sequence of digital data to the test sequence of data received over the communication channel. The
invention allows the test sequence of digital data to be transmitted at one of a set of known data rates, with the received station being
d:sposed 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. :




