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greatly enhanedlsin t?&!ﬁ lity of success of an inter- frequency handoff.
An essenti al reqwrerrent of the nmeasurenent on the target frequency, 25
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Such situations are typlcally, but not limited to, either a handoff between
15  different operators, a handoff between different RF channels allocated for
capacity reasons, or a handoff between dxfferent signal modulation
'mdumkgms
. Before effecting an inter-frequency hard handoff, the mobile station is
directed by the base station to tune to the new target frequency, measure the
20 radio environment (e.g., pilot signal streng'th' of the received signals, etc.), and
report the measurement back to the base station. Sucha procedure is specified
in TIA/EIA-95-B and greatly enhances the probability of success of an inter-
frequency handoff. |
~ An essential requirement of the measurement on the target frequency,
25 often referred to as “search excursion,” is to minimize the disruption of the
current service on the originating frequency. Handoffs to a second frequency
without adequate prior sampling could result in poor signal performance. On
the other hand, sampling for long periods of time may cause the signal at the
first frequency to be lost completely. The method described below permits the
30 mobile station to minimize the search time and to limit the disruption of
service.
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5 reverse link si gnal in accordance with the received energy of the reverse

i nk pllq% 185:@ In the present invention, the pilot ,kz _
transm ssi %% ris retained at the Jevel it was prior to t e“?requency’
-search excursion, while increasing thetransni ssion energy of at |east one

other channel transmtted by gtnenIPY OF PUBINVENTIORAdi tion, when the

mobil e station is not capable of 10 increasing the transmn ssion energy of
all of the information channels, the 'nobile station _generates a ranking of

the i nportance oA mebilg stations fransmyids o phusality of sharnes dnguding.apilet y

IT&? %223\7 Nt Eﬁaﬂﬂl e?@ﬁ&a%&?@ﬂoﬁ@mfbnﬁﬁhéﬁldﬁﬁmenhhﬂﬂ&l xenipRulyrerhbnlibield,| IO\l OF
n ure y, ar

el enents. g Fl |A(%1 ""‘f/s e %#quasécus& Wlwgﬁ% lg&couflsglr@

el enent , 5t heemmhskgmml uamcor@ﬁ:gpthﬂnﬂee yesgived ﬁeersm%t«he regerse dinko t he

fi Q]lc” € ?Unb?ﬂog& ‘Ix'ﬁtl&é" i-eséiﬂ?m@htldt)ﬁ thélpﬁl&t chzﬁiﬂe@dmgﬂus(sﬁﬁt owéreisent 204

is first inCraodu Lsgu S eurs

il lustrates %taﬂ?g % leq' fctsg'%gg’r%nilachﬁ E)}%&éeﬁi em att‘%‘at canlaﬁ’ }\ﬁey t he

i nvent.i on. [maeeasing ﬂ\eail‘mlm emeraynobrt lepstiang  otherghana ﬁg P¥ t he

wirel ess c@enadbiRt dtatiorsy Ihedddifion| wherl thélaﬁobﬂknstaﬂvhdy ztdae:apaiylemﬂ on.

% s o MPondaeiny e MR eb%%?ormg equency Efﬁexcﬁ?sﬂ)s

-1

under an enimshilee station Bﬁ%eﬁmeﬁt FRing-| of ™ ses
time that i lhfeshatiéeehirirlssarebsdettivalydhcrebses e &ahsmissmn\{mwdr@fﬂmser el ated
to inter-frwﬁl search excursions. FIG 6 is a graph of power versus -
time that ilTustrates a reverse link 30 power increase during search
excursion. FIG 7 is a flowhart of a nethod for perform ng a frequency
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first introduced (e.g., element 204 is first introduced and discussed with respect _
to FIG. 2). | | | |
20 FIG. 1 illustrates a typlcal wireless communication system that can ' '
employ the invention.
FIG. 2 is a block dlagram of typ1ca1 components found in the wireless
communication system of FIG. 1 that can employ the invention.
FIG. 3 is a timing dlagram of an inter-frequency search excursion.
25 FIG. 4 is a flowchart of a method for performing a frequency search
excursmn under an embodiment of the invention.
FIG. 5 is a graph of power verses time that illustrates the succession of
forward link power levels related to inter-frequency search excursions. !
~ FIG. 6 is a graph of power versus time that illustrates a reverse link |
30 power increase during search excursion. |
' FIG.7 is a flowchart of a method for performing a frequency search
excursion while minimizing disruption of service in accordance with another
embodiment of the invention |
FIG. 8 is a diagram illustrating the multi-channel remote station of the
35 present invention; and




5 apparatus for mnimzing search excursion time to a target frequency and
di sruption of current service on an originating frequency is described in
detail herein, In the follow ng description, nunerous spge&hﬁh alls are
provi ded to OQVUQN%.thorough under standi ng of the invention fllled in
the relevant technol ogy, however, wll r®adily recognize that the
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technol o Wi recogni.ze I SCUSSi On
9y tmicate with t%er base stations, and possibly even other base station

25 controllers. The base station controller 104 is coupled to a mobile switching
center 110 that in turn is coupled to a home location register 112. During
registration of each user station at the beginning of each call, the base station
controller 104 and the mobile switching center 110 compare registration signals
received from the user stations to data contained in the home location register

30 112, as is known in the art. Handoffs may occur between the base station
controller 104 and other base controllers, and even between the mobile
switching center 110 and other mobile switching centers, as is known by those
skilled in this technology.

When the system 100 processes voice or data traffic calls, the base station

35 controller 104 establishes, maintains, and terminates the wireless link with the
mobile station 102 and the fixed station 108, while the mobile switching center
110 establishes, maintains, and terminates communications with a public



applres to other base stations and to the fixed station 108. The terns
"cell" and 5 "base station" are generally used interchangeably herein.
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level of the recelv quality measureme
25 energy per bit (Ep) or energy per symbol (Es) measurements from port10ns or

windows of each frame. Preferably, the energy per bit or energy per symbol
" measurements are normalized (e.g., Bb/Np), or normalized and include

interference factors (e.g., Ep/Nyp), as is known in the art. Based on these
measurements, the quality measurement circuit 206 produces a power level

30 signal.

A power control processor 208 receives the power level signal from the
quality measurement circuit 206, compares the signal to a threshold, and
produces a power control message based on the comparisori. Each power
control message can indicate a change in power for the forward link signal.

35  Alternatively, power control processor 208 produces power control messages
representing the absolute power of the received forward link signal, as is
known in the art. The power control processor 208 produces preferably several
(e.g., sixteen) power control messages in response to several power level signals
per frame. While the quality measurement circuit 206 and power control
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5 processor 208 are generally described herein as separate conponents, such
conponents can be nonolithically integrated, or the operations perfornmed by
such conponents can be performed by a single mcroprocess
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The power control processor 234 monitors the power control messages
and produces a forward link transmitter power signal to a forward link
transmitter system 236. The forward link transmitter system 236, in response
thereto, either increases, maintains, or decreases the power of the forward link
30 signal. The forward link signal is then transmitted via a transmitting antenna
238. Additionally, the power control processor 234 analyzes the quality of the
reverse link signal from the mobile station 102 and provides appropriate
feedback control messages to the forward link transmitter system 236. The
forward link transmitter system 236, in response thereto, transmits the feedback
35 control messages via the transmitting antenna 238 over the forward link
channel to the mobile station 102. The transmitter system 236 also receives
forward link traffic data from the base station controller 104 via the backhaul
transceiver 233. The forward link transmitter system 236 encodes, modulates,
and transmits via the antenna 238 the forward link traffic data.



. transceiver 233. The forward link transmtter system 236 encodes,

nmodul ates, and transnits via the antenna 238 the forward link traffic
data. WO O%loiﬁiﬁ PCT/ US00122244 6 Unl ess descri bed ot hervmﬁ,%e herein, the
constructi ‘6perat|on of the wvari ous bl ocks and el &TeMY%EYwn in :
FIGS.1 and 2 and the other figures are conventional design and
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pilot channel enables each user to acquire the timing of the channels
. transmitted by the base station, and it provides a phase reference for coherent
demodulation. The pilot channel also provides a means for signal strength
comparisons between base stations to determine when to hand off between
30 base stations (such as when moving between cells). Recent CDMA modulation
techniques have been proposed using dedicated time multiplexed (“DTMP”)
pilot symbols. Under the DTMP approach, separate pilot symbols are time
multiplexed on each user’s traffic channel. - Each user sequentially de-spreads
the pilot symbols (and information symbols).. There is also an alternative
35 common code multiplexed pilot (“CCMP”) approach, where one co-channel is
‘dedicated to broadcasting a pilot signal. No pilot symbols are multiplexed with
dedicated channels, and all users de-spread both the pilot symbols and the
modulated information signals in parallel. Such systems are described in more
detail in U.S. Patent Application No. 09/144,402, filed August 31, 1998, entitled
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Message (“CFSCM")) to perform a search excursion to a target frequency f2.
The mobile station tunes to frequency f2 and collects N chip samples (a
25  chip being one bit of pseudonoise at, for example, 1024 bps for orthogonally
encoded symbols). The samples are stored in a memory buffer; the mobile
station does not perform pilot searches and pilot strength measurements while
on frequency £2. The mobile station tunes back to the original frequency f1,
resumes reception of forward link and transmission of reverse link, and
30  processes the N samples collected on frequency f2 simultaneously.
The mobile station processes the samples collected on frequency 2 using
a searcher that processes the stored samples while simultaneously processing
the signal received on the original frequency f1. The mobile station reports to
the base station the corresponding pilot strength measurements from frequency
35 f2. One of skill in this technology will recognize the searcher referred to above
and would have the requisite skill to provide or obtain the same.
The foregoing method is illustrated in FIG. 4 as a routine 400 that begins
in step 410 where the base station 106a transmits a frequency change command
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by the search excursion is a funptmn of the search excursion time tgearch, as

25 noted herein.
Forward Link Power Control During Search Visit
To overcome ‘the loss of forward link symbols during the tgearch time
period, the mobile station increases the target Ep/Np of the forward link
closed-loop fast power control by Atarget dB. '

30 This new target Ep/Np is set K power contzol groups (PCG) before the
search excursion. The required number K of previous PCGs affected before the
search excursion and the required increase in target Ep/Np (Atarget) depends
on the duration of the search excursion tgearch; the longer tsearch is, the larger

K. Asa result of the increase in the target Eb/No, the forward link power will

35 ramp-up prior to the inter-frequency search. '

FIG. 5 illustrates the succession of forward link power levels related to
an inter-frequency search excursion. Although FIG. 5 is self-explanatory to one
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The base quantity Agearch dB. The quantity Agearch depends on the duration of the

search tgearch and corresponds to the additional reqmred symbol energy over
25 the remainder of the frame to overcome the loss of symbols during tgearch and
still permit the base station 106a to demodulate the frame correctly. The base
station 106a can inform the mobile station 102 of the maximum tolerable
increase Agearch dB in the message directing the mobile station to perform an
inter-frequency search (e.g., in the (“FCSM”)). This value can depend on the

30 maximum tolerable interference currently determined by the base station 106a.
FIG. 6 illustrates the succession of reverse link power increases during a
search excursion. While FIG. 6 would be self-explanatory to one of ordinary
skill in the relevant art, a brief explanation is provided. During the inter-
frequency search frame, transmitted with a power increase, the base station
35 106a will send down commands ordering the mobile station 102 to reduce its
power. The mobile station 102 simply ignores those down commands until the
end of inter-frequency search frame, as shown in FIG. 6. These up and down
commands are represented by the large dark arrows 602, 604, respectively, in
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25 reverse link total transmission power resumes regular control, as ﬂlustrated in
step 760.
Finally, under 780, the signal sample processing results, such as at the
pilot strength measurements, are transmitted to the base station.

30 Offline Search Method with Multi-Channel Reverse Link

A problem that may be encountered in application of the foregoing is a
result of the closed loop power control.. During the period in which the mobile
station increases its transmission energy to compensate for the period of time in
which it is offline, the receiving base station will detect the energy of the

35 received signal to be too high. In response, the base station will transmit a
series of down commands to the mobile station that may cause the energy of

] ]
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: link modulation in the IS-95C standard, extension of the present invention to
25 the WCDMA standards is easily accomplished.
In the exemplary embodiment of FIG. 8, the wireless communication
~ device transmits a plurality of distinct channels of information which are
- distinguished from one another by short orthogonal spreading sequences as
described in the aforementioned U.S. Patent Application Serial No. 08/886,604.
30 Five separate code channels are transmitted by the wireless communication
device: 1) a first supplemental data channel 838, 2) a time multiplexed channel
of pilot and power control symbols 840, 3) a dedicated control channel 842, 4) a
second supplemental data channel 844 and 5) a fundamental channel 846. The
first supplemental data channel 838 and second supplemental data channel 844
35 carry digital data which exceeds the capacity of the fundamental channel 846
such as facsimile, multimedia applications, video, electronic mail messages or
other forms of digital data. The multiplexed channel of pilot and power control
symbols 840 carries pilots symbols to allow for coherent demodulation of the
data channels by the base station and power control bits to control the energy
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~ message. 25Thepertuitegl mattemo| by apancturing  element (PUN 819 to provide a
predetermined number of symbols within the frame. The symbols are then
- provided to interleaver 818 which reorders the symbols in accordance with a
predetermined mterleavmg format, The mterleav_ed symbols are provided on
line 842 to modulator 826.
30 Variable rate data sotrce 801 generates vanable rate data In the
exemplary embodiment, variable rate data source 801 is a variable rate speech
encoder such as described in aforementioned U.S. Patent No. 5414,796.
Variable rate speech encoders are popular in wireless communications because
their use increases the battery life of wireless communication devices and
35 increases system 'cap'a_city with minimal impact on perceived speech quality.
The Telecommunications Industry Association has codified the most popular
variable rate speech encoders in such standards as Interim Standard IS-96 and
Interim Standard IS-733. These variable rate speech encoders encode the
speech signal at four possible rates referred to as full rate, half rate, quarter rate
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provided to repetipion‘generatbr 820. whi ch repeats t he encoded synbols to
provide additional time diversity in the transm ssion. Follow ng repetition
generator certain synbols are punctured according to sone edet i ned 25
punct uri ng YRR by puncturing el ement (PUNC) 819 to pr5€/8§oog§2r4m
predet erm ned nunber of synmbols w thin tlde frane. The synbols are then
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message o] to cl t he base, tatl on
The- 1 ameDi o FRFEtESr e AplsHERVIBR SORAL 6B SHFRCAY <0 P e g REIF
correction c&@erﬁQGm\nmﬂelssW&ﬁh frame. The encoded synbols are provi ded to
15mr)e|pet | }:' Fln genﬁ{ %Qr ‘éﬁt%ﬂﬁﬁbﬁte%n?ﬁﬂﬁidrt E{Qf) rgﬁcéﬁrdﬁﬁeseﬂcfeoq':%g
;ﬁnc?url ngo ‘{35' ?‘gﬁﬂeq Ce%ﬂ%‘%’ihf%ﬁ%c&sﬁ)ﬂ’r? %ﬁ‘g‘t"ﬁ‘ﬁﬁ ern to
provide a - and prov1des the modulated mformatzon to transmitter (TMTR) 828, which:
25 amplifies and filters the signal and provides the signal through duplexer 830 for
- transmission through antenna 832.
In IS-95 and cdma2000 systems, a 20 ms frame is divided into sixteen sets
of equal numbers of symbols, referred to as power control groups. The
reference to power control is based on the fact that for each power control
30 group, the base station receiving the frame issues a power control command in
response to a determination of the sufficiency of the received reverse link signal
at the base station. ' '
FIG. 2 illustrates a functional block diagram of an exemplary
embodiment of modulator 826 of FIG. 1. The first supplemental data channel
35 data is provided on line 838 to spreading element 952, which covers the
supplemental channel data in accordance with a predetermined spreading
sequence. In the exemplary embodiment, spreading element 952 spreads the
supplemental channel data with a short Walsh sequence (++-). The spread
data is provided to relative gain element 954, which adjusts the gain of the




predet erm ned nunber of synmbols within the. frane. The synbols are then
provided to interleaver 806 which reorders the synbols in accordance with a
20 predeterm ned interleaving format. The interl eaved sy provi ded
on |ine S¥BWHMpdul ator 826. In the exenplary enbodi neﬁéflp’h%ﬂgﬁat or 826
nmodul ates the data channels in accordale with a code division multiple
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30 group5tmiema8’fe95§t ation receiving the frame issues a power control
command in reSle’tﬁﬂrdehﬂmﬁtﬂtda jvidedoén line 8201thispreading elemiehe 95&cei ved
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on |line 842%%“ épvr% {‘ e P'%’Et ]gq'Sr 7ﬁvvhtleschacovers t he suppl enental channel.

data in acc 'ed spreadi ng sequence. - In the
exenpl ary enbodl rﬁmtsecemt eupplnglenul@Melgs;prcypdgggg ling 84 toPPEensing| :
channel dat cebinblie G625 Widh et ihtduppleaceiial ditttte‘lﬂhta*m)accai‘ﬂalna@mm data is
o e e A it o e I et
control synbdbmenfﬂ?&gﬁprﬁadﬁdjthﬁstsénplsmﬂnﬁdl changeh prighi aishortoWalshhi rq
sunm ng ‘i Npuge (¥R, 9PRe sHieal duia iSIpRoeided 105lAiveTgdih @lgnért %64 ust ed
control data ﬁcﬁb O& justs tﬁe gain of the spread supplemental channel data. The gain
adjusted supplemental channel data is- prov:ded to a first summing input of
25 summer966.
The fundamental channel data is prov1ded on hne 846 to spreading
element 968 which covers the fundamental channel data in accordance with a
predetermined spreading sequence. - In the exemplary embodiment, spreading
element 968 spreads the fundamental channel data with a short Walsh sequence
30 (++++—++++—). The spread data is provided to relative gain element 970,
which adjusts the gain of the spread fundamental channel data. The gain
adjusted fundamental channel data is provided to a second summing input of
summer 966.
Summing element 966 sums the gain adjusted second supplemental
35 channel data symbols and the fundamental channel data symbols and provides
the sum to a first input of multiplier 974 and a first input of multiplier 976.
In the exemplary embodiment, a pseudonoise spreading using two
different short PN sequences (PN, and PN,) is used to spread the data. In the
exemplary embodiment the short PN sequences, PN, and PN,, are multiplied
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15 gain adjusted suppl enental channel synbols and the tine nultiplexed
pilot and power control synbols and provides the sumto a first input of

mul tiplier 972 and a first input of nultiplier 978. The g
suppl ement VOAKHAMel is provided on line 844 to spreading 8@'@&?@%‘“%2

whi ch covers the suppl emental channel dal® in accordance with a 20
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The sum sequence from summer 986 is provided to baseband filter 990.
.Baseband filter 990 performs necessary filtering on difference sequence and
25 provides the filtered sequence to gain element 994. Gain element 994 adjusts
the gain of the signal and provides the gain adjusted signal to upconverter 998.
- Upconverter 998 upconverts the gain adjusted 'signal in accordance with a
QPSK modulation format and provides the upconverted signal to a second
input of summer 1000. Summer 1000 sums the two QPSK modulated signals
30 and provides the result to transmitter 828.
As described above, when mobile station 850 tunes to another frequency

f2 to perform an inter-frequency search, forward link symbols transmitted by
the base station during the tgearch time period cannot be received by the

mobile station. Similarly, mobile station 850 does not transmit duringl tsearch
35 and the base station loses reverse link symbols during the tsearch time period.

While searching on the target frequency f2, the base station 106a will lose

communication with the mobile station 850 and will not receive symbols during
the tgearch time period. To overcome the loss of those symbols, mobile station
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850 increases the transmission power of the information channels, including the



i nput of subtractor 984. The product sequence frommultiplier 974 is
provided to a first summng input of summer 986. The product sequence from

mul tiplier 976 is provided to the subtracting input of 984. The
pr oduct s@'&f’éﬂ%‘f rommultiplier 978 is provided to a s%ﬁ%&% ng i nput
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because of lmu on its power supply. In. the preferred embodiment, mobile
25. station 850 ranks the channels it is transmitting in accordance with the
. importance that its reverse link transmission not be interrupted. Factors that
may figure into the ranking may include the kind of data being transmitted, the
availability of retransmission protocols, the type of forward error correction
being provided, etc. Mobile station 850 then increases the transmission power
30  of these channels in accordance with this ranking. |

The base station 106a and the mobile stations 102 and 850 can be
configured to accomplish the foregoing process. Source code to accomplish the
foregoing can be readily generated by those of ordinary skill in this technology

35 based on the detailed description provided herein.

While a preferred. embodiment of the invention has been illustrated and
described above, jit is to be understood that various changes may be made
therein without departing from the spirit and scope of the invention. For
example, the mobile stations 102 and 850 can use the state of its long code mask
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base station 106a to denodulate the frame correctly. The base station 106a
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25 described above, all of which are incorporated by reference.

These and other changes can be made to the invention in light of the
above detailed description. In general, in the following claims, the terms
should not be construed to limit the invention to the specific embodiments
disclosed in the specification and the claims. Accordingly, the invention is not

30 limited by the disclosure, but instead its scope is to be determined entirely by
the following claims.

What is claimed is:



S wll reduce the reverse link interference and will decrease the total
power requirement on the forward |ink. Consequently, the invention is to
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11111, or mnimzing. frequency search time in a wireless

2 conmuni cat i ons system having a nobile station exchangi ng conmuni cati ons
with a base statizon, Thenmethdddf Claiprl Sirthgr camprisingghe slepof keepingthen

to' the. tar gﬁgn;ﬁgg&%@ﬁ&g?f& PNt RhhAE e3isl ﬁiﬂk'%snﬁsﬁtﬁénégﬁmf‘iﬁe from
the target flgﬁ Clucﬁgnxel prior to said frequency search excursion. i

3. | ,  The method of cla1m 1 further compnsmg the steps of:

2 determining whether said mobile station is capable of increasing the
transmission power of said mforma’aon channels to the desired extent;
4 ~ selectively increasing the transmission power of said information

_ channels when said mobile station is not capable of increasing the transmission
6 power of said information channels to the desired extent.

4, The method of c1a1m 3, wherein selectively increasing the

2  transmission power of said information channels, comprises the steps of:
ranking the channels in accordance with the importance of having a non
4 interrupted reverse link transmission; and |
adjusting the transmission energies of said information channels in

6 accordance with said ranking.
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6 tuning the user station to the original frequency and processing the
stored sanples; 8 transmtting sanple processing results to a base station;
and increasjng.the amount of power allocated to other of a frane synbols on
10 i nf or mat YO & hnel s i npacted by the frequency search FEEHSEVRM4 o
mnimze the effect of the loss of forwd®d and reverse link. synbols
during the frequency sear.ch. excursiog. 2. The thod of . Caim1 further
conpri sing the stfrsgfb of ]rg'ge eﬁléoq hépc rgng‘%eﬁ{‘pﬁfl ndpfgymation, chanpels
channel equal to the t comprise:si @Bn@OEEhAne], a&h@as’&%@upﬁl@ﬁ&ﬁh Phdridlel,t O
said frequency search excursign. 3. The nethod. of clarm 1 further.
conprising the steps ofndafyadamgnial dhannghet her said nobile station is
capabl e of increasing the transm ssion power of said information channels
to the desired extent; 4 selectively increasing the transm ssion power of
said informati on channels when said nobile station is not capable of
increasing the transm ssion 6 power of said information channels to the
desired extent.. 4. The nethod of claim 3, wherein selectively increasing
the 2 transm ssion power of said information channels, conprises the steps
of ranking the channels in a e wth the inportance of having a non
and aﬁusti ng the transm ssion

4 interrupted reverse link trang.ssion;
energies of said information cﬂﬂﬂh F“I,”H rdance with said ranking.
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thod of claim 1l wherein
said informati on channels 2 conprise: a control channel, at |east one
suppl enental channel, and a fundanmental channel. [I11FITT ME 1Tl 11111111 S



