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referred to collectively herein as IS-95), are promulgated by the Telecommunication
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Celtular telephone systems configured in accordance with the use of the IS-95

standard employ CDMA signal processing techniques to provide highly efficient and

robust cellular telephone service. An exemplary cellular telephone system configured

substantially in accordance with the use of the IS-95 standard is described in U.S. Patent

30  No. 5,103,459, which is assigned to the assignee of the present invention and fully

incorporated herein by reference. The aforesaid patent illustrates transmit, or forward-

link, signal processing in a CDMA base station. Exemplary receive, or reverse-link,

signal processing in a CDMA base station is described in U.S. Application Serial No.

08/987,172, filed December 9, 1997, entitled MULTICHANNEL DEMODULATOR,

35  which is assigned to the assignee of the present invention and fully incorporated herein
by reference.

In CDMA systems, over-the-air power control is a vital issue. An exemplary

method of power control in a CDMA system is described in U.S. Patent No. 5,056,109,
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base stati E?lfPchCPanscel ver subsyst ens (BTSs)) are often segnented into

sectors, as defn@mvEitional cellular telephone systems, a public switched telephone network
(PSTN) (typically a telephone company) and a mobile switching center (MSC)

25 communicate with one or more base station controllers (BSCs) over standardized E!l
and/or T1 telephone lines (hereinafter referred to as E1/T1 lines). The BSCs
communicate with base station transceiver subsystems (BTSs) (also referred to as either
base stations or cell sites), and with each other, over a backhaul comprising E1/T1 lines.

The BTSs communicate with mobile units (i.e., cellular telephones) via RF signals sent

30 overthe air.

In conventional systems, base stations, or cell sites, are configured to
communicate via an over-the-air interface with various mobile units. In CODMA
cellular systems, the base stations (sometimes referred to herein as base station
transceiver subsystems (BTSs)) are often segmented into sectors, as defined by

35 directional antennas, to increase the capacity of the cell. The sectors themselves
may be referred to as cell sites. Conventional base station architectures
typically employ three such sectors, with the radial directions each sector
antenna points differing by 120 degrees. Each sector in a CDMA system
functions, for network purposes, as an independent base station.
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SUMMARY OF THE INVENTION

The present invention is directed to a system and method for
determining a received data rate in a radiotelephone system. The apparatus
25 includes a correlator for accumulating a received signal representative of
received energy levels to form an accumulated signal. Additionally included is
a comparator for comparing an accumulated signal to a predetermined
reference level and generating a second signal indicative of a particular data
rate, wherein the data rate is either full , half, quarter or eighth rate and is
30 indicative of the received energy level.
An embodiment of the invention includes a method for determining a data rate in
a radiotelephone system with the steps of receiving a signal, receiving a signal
transmitted from a mobile station at a predetermined data rate, combining the received
signal in a RAKE receiver into 2 summed signal, and then comparing the summed signal
35  with a predetermined threshold to form a comparison result. The most likely data rate is
then based on the comparison result.
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Referring to Fig. 1, system controller and switch 110, also referred to as a
mobile telephone switching office (MTSO), typically includes interface and
processing circuitry for providing system control to the cell-sites. Controller 110

25  also controls the routing of telephone calls from a public switched telephone
network (PSTN) to an appropriate cell-site for transmission to an appropriate
mobile or subscriber unit. Controller 110 also controls the routing of calls from
the mobile or remote subscriber units, using at least one cell-site, to the PSTN.
Controller 110 may connect or link calls between subscriber users using the

30 appropriate base stations since the subscriber units do not typically
communicate directly with one another.

Controller 110 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 112 and 114 are shown along with

35 mobile units 116 and 118, where each mobile unit includes a cellular telephone.
Exemplary cell-sites 112 and 114, as discussed herein and as illustrated in the
drawings, are considered as providing service to an entire cell. However, it
should be understood that a cell may be geographically divided into sectors
with each sector providing service to a different coverage area. Accordingly,
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call througbntrolleP$I0N System controller 110 then connects the call through the PSTN to
the intended recipient.
Should a cali be initiated within the PSTN, controller 110 transmits the
call information to all of the cell-sites in the area. The celi-sites in return
25 transmit a paging message within each respective coverage area that is
~ intended for the called recipient mobile user. When the intended recipient
mobile unit "hears” or receives the page message, it responds with a control
message that is transmitted to the nearest cell-site. This control message signals
the system controller that this particular cell-site is in communication with the
30  paged mobile unit. Controller 110 then routes the call through this celi-site to
the mobile unit. Should mobile unit 116 move out of the coverage area of the
initial cell-site, 112, an attempt is made to continue the call by routing the call
through another cell-site.
In the exemplary system of Fig. 1, orthogonal Walsh functions are
35 assigned to user channels on the cell-to-subscriber link. In the case of voice
channels, the digital symbol stream for each voice signal is multiplied by its
assigned Walsh sequence. The Walsh coded symbol stream for each voice
channel is then multiplied by the outer PN coded waveform. The resultant
spread symbol streams are then added together to form a composite waveform.
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of 1.2288 MHz, 3.6864 MHz or 4.096 MHz while in an exemplary variable data
rate system including voice, facsimile (FAX), and high/low-speed data channels
the information symbol rate may vary from approximately 75 Hz to 76,800 Hz.
The resulting coded waveform is combined in a second exclusive OR operation
25  with a binary PN sequence also clocked at 1.2288 MHz. Another embodiment of
the present invention includes a clock sequence in the range of 3 - 5 MHz or
above. Specifically, a preferred embodiment includes the rates of 3.6864 MHz
and 4.096 MHz. An identical binary PN sequence is used to encode each
subscriber channel within a particular sector of the coverage area of the cellular
30 system. As a consequence of the orthogonality of the Walsh coding sequences,
each sequence may be used to process user data on a single RF channel
associated with such a sector without inducing interference among the users
within the sector.
Prior to application of Walsh coding, the signals carried by each channel
35 may also be convolutional encoded, with repetition, and interleaved in order to
provide error detection and correction functions which allow the system to
operate at a much lower signal-to-noise and interference ratio. Techniques for
convolutional encoding, repetition, and interleaving are well known in the art.
The resulting signals are then generally modulated onto an RF carrier and
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same 32, 76§o @gR9e3 sequence, but with different timng off%ﬁ] vent
mutual interference. As is described in greater detail bel 0w, % ynbol
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i nvention cI ock sequence in the range of 3 - 5 Miz or above.
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may be acc ¢ 0 n the oce n ch a
e 5 A P AR e b Sl o s,
nul ti pl i caPitbagena %Mu@nde quxee(ﬂhmlﬁ-ﬁs {drarelitedistirsdanidt The a 5

parti cul arrecgglthn AikRB FAMELCTe @2@5‘1‘ be, but need not
be, %ckwards ﬁ10 atible th t % 55 sg?l oﬁ‘ﬁ Fqied st andar ds.
BRSe station' receiver 250, the signal transn'utted from mobile station

transmitter 200 is received at despreader 252. The received signal is despread
and sent to Walsh correlator 254 where a Hadamard Transform (HT) is
performed on the received signal. The received signal is placed in one of 64
Waish correlation energy bins where the correlation energies are calculated and

25 compared with a predetermined level in comparator 256 according to an
embodiment of the present invention which will be explained in greater detail
below in reference to Fig. 3. The received symbol is used to generate 6 soft
decisions in items 258, 260 The received signal is then deinterleaved in
deinterleaver 262 and decoded in decoder 264 according to the 1S-95 standard.

30 The process for evaluating the energy received involves summing the
energy of the maximum Walsh correlation energy (Walsh energies) among all
the received fingers of the received signal, where each finger represents a
different multipath reception of the same transmitted signal in a RAKE or other
suitable receiver.

35 With respect to Fig. 3, methodology 300 includes comparison step 305.
The Full rate energy (FR_NRG) is compared to predetermined threshold
FR_THR. The preferred embodiment for calculating the frame energy is to sum
the maximum Hadamard Transform (HT) correlation energies over an entire
frame (or target portion thereof depending on the current rate hypotheses). The
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to Fig. 3, tﬂm&\@ﬁne@;yamo i ncludes conparison step 305. The Full rate
energy (FR_NRG d erm reshold _FR THR,. The
Referfig@Pansd 4o @rlg & o dily TEp glseiné ton ( of engrgy

preferred enbodinent {"or. cal cul at 't e PIEMa%en
maxi mum HafchYEyasien %%a(mee@demcmd cﬁoret?@egaquresemnan, eontineous r anme

(or ta2et baods nbl&nbié@j aeé sHORASY fith CHlfFeP&ti%lﬁdrFBEthé’éxFﬂW RAIASHEY be ThE
Vo 0011799@215%3!15}90'/% L?]S)qg 16" %c}:ﬁo%aln%% of energy known as Power Control
Groups (PCGs) are spaced pseudorandomly throughout a frame according to
the IS-95 standard. Full rate energy occupies the entire frame as depicted in bar
410. Bar 420 depicts the half rate energy accumulation as occupying only half
25 the frame, while quarter rate bar 430 and eighth rate bar 440 are likewise
depicted.
A preferred embodiment of the invention utilizes the feature of using the
portion of the frame containing energy only for that rate and for higher rates.
For example, referring to bar 410, the right hand half of the bar 412 is examined
30  for energy. If energy exceeding the predetermined level is found, then it may be
readily seen from Fig. 4 that a Full rate is likely to have been transmitted.
Applying the above methodology to bar 420, assuming that full rate has not
been determined, then portion 422 of bar 420 is examined. If energy exceeding a
predetermined level is found, then a half rate determination is most likely.
35  Again, referring to bar 430, if portion 432 of bar 430 is sequentially examined
after full and half rate measurements have been determined not to be present,
then a quarter rate determination is made. Likewise, if neither full, half or

quarter rate determinations are made, then an eighth rate determination is
made.
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measur enent s haveefereshembodimantscef thet preserivcinpemanbave thus been shown and

described. It would be apparent to one of ordinary skill in the art, however, that
25 numerous alterations may be made to the embodiments herein disclosed without

departing from the spirit or scope of the invention. Therefore, the present invention is

not to be limited except in accordance with the following claims and their equivalents.

What is claimed is:




then a quarter rate determnation is nmade. Likew se, if neither fullf,0 el §5m)
or quarter rate determnations are nmade, then an eighth rate determ nation
is mde. WO 00/77995 9 1 0 0 E C 2003 PCT/ US0O0/ 15974 The denodul ati on
metric of frame energy provides additignal information to traditional
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wi t hout departing fromthe spirit or scope of the invention. Therefore, the
present invention is not to be limted except in accordance with the

fol I owi ng cl aTh®syatesh hdidi dlaiRifirdkeincRidinghat is clainmed is: 1 0 DEC 2043

a decoder for decoding the received signal at a data rate based on said second

signal,

4. The system of claim 3 wherein said comparator generates said second signal based
on a predetermined number of pseudorandomly spaced discrete portions of a frame within

the received signal.

5. The system as in claim 4 wherein said transmission data rates are one of full, half,
quarter or eighth rate.
6. The system as in claim 5 wherein said radiotelephone system includes a code

division multiple access receiver.

7. The radiotelephone system of claim 6 further including a RAKE receiver.



10 What is clainmed is: 1. A systemfor determining a received data rate
froma plurality of transmission data rates in a radiotel ephone syst@mEC 2003
including: a correlator for accunmulating a received signal representative
of received energy levels to forma plurality of accunul ated signals, each
of the accunul ated signals representihly one of the transnission data
rates; and a conparator for conparing the accunmul ated signals to
predet er 8i ned Araétoé feeletdreithg a a8@iv@a HatadhicTeord apRGANG oFit@RGhistioAldaat i ve
of one of the transm ssion data rates wherein each of the accunul at ed
si gnal s Faieting radintelaphanevystominchidingsthe siepnofener gy accunul ated over power
control group i . not worthy for the transm ssion data rates that
are | owner thaﬁa)%eg%r}%%%gl g%lfed transm ssion data rate. 2. The systemas in
claim 1 furthé) dcouhubiting tha rqesied Gigmiab & GemPs phdslityl off acdemplaeadsipaalé, he
recei ved si gr} |. 3. The systemas in claim?2 further including: a decoder
for decofAthd ceupslaid signalsrgpresenting one f therteansmissign datadated second
signal. 4. Th soq{aﬁm f i WoekE i a . sai d
second si gnal E!(:Bage or% g&%ol?e eéalgr m ne&qh%%@nﬁ%n%%%etﬁgér%ﬁ@g@%@g%ged
di scr et etlpeshblde s farfn acdmparisomirdshityandt he recei ved signal. 5. The system as
in claim4 wh l%iﬁn sai.d transm ssj on data yates. are opne of Iull, hal f,
quarter or eig:h tepmining (e reqoty adieasedongaid pRmBPafiseR &5sHits aj d
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radi ot el ephongnexat eseH HE IR uRURRLE sighl |
7. The radi ot el ephone systemof claim®6 further 1 ncluding a RAKE recei ver.

1 0 0 E enezgpaccumuatedrovartponss contral g@raupsiwliiclyare nog sveirthg dodthe dranstissionom a
pluralit f transm. ssion data_ rates.in a radiqtel ephone system i ncl uding
t he stepéatgirat‘(‘satﬁatf%%z Wﬁrﬂléa“gﬁlgfed’ﬁ%ﬁe?teegfnﬁﬂléﬂ%ﬁﬁt?irﬁg‘ the received signal
to forma plurality of accunul ated signals, each of the accunul ated

signal s representing one of the transm ssion data rates; (c) conparing each
of the alcunuifhe ewthodpd glaim § whereinstepf(apfusther iselwdessd t hresholds to form a

conpari son re@ﬂﬁé%%%%ﬂ%ﬁaﬁ&@@%ﬁleo%ﬁ?gtiflég- data rate based on said

conmparison re he accunu signals is the sumof a
maxi mum correl ati on

10.  The method of claim 9 wherein step (a) further includes:
(a2) receiving the signal at a predetermined data rate.

11.  The method of claim 8 wherein the predetermined thresholds are dependent on the

power control groups that are transmitted during a frame.

12. The method of claim 11 wherein the predetermined thresholds are based on the

transmission data rates.

13. The method of claim 8 wherein the transmission data rates include full rate, half

rate, quarter rate and eighth rate data rates.

14. A system for determining a received data rate from a plurality of transmission data
rates in a radiotelephone system, said system comprising:

means for receiving a signal;

means for accumulating the received signal to form a plurality of accumulated

signals, each of the accumulated signals representing one of the transmission data rates;



energy accumul ated over power control groups which are not worthy fqr b@ﬁ
transm ssion data rates that are | ower than the represented transnls% 2003
data rate. 9. The nmethod of claim8 wherein step (a) further includes:

(al') receiving a signal transmtted froma nobile station. 10. The net hod

of claim9 wherein step (a) further i él udes: (a2) receiving the signal at

a predetermned data rate. 11. The nethod of claim8 wherein the
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conparing each of the accunul ated si gnal s wth one of predeterm ned
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