5 METHOD AND APPARATUS FOR M Tl GATI NG | NTERFERENCE | N A COMMUNI CATI ON
SYSTEM 10 Field of the Invention The present invention relates generally to
comuni cati on systens and, in particular, to mtigating interference in a
t wo- wayW@36/19848i o frequency communicati on system Backgr RGNS 1451

I nventi on Communi cation systens are known to conprise a plurality of 2 0
subscri ber units that communicate with one or nore base units via radio
frequency channels. One such comunication systemis a two- way cabl e
comuni cation system In a two-way cabl e comruni cation system the
subscriber units are fixed transceivers that are |located in the residences
of system subscribers and are 2 5 connected to a base unit through

exi sting cable television infrastructure equi pment. Each subscriber unit
conveys information to the base unit at an uplink frequency and the base
uni t= conveys information to each subscriber unit at a downlink frequency.
The uplink frequency and the downlink frequency together conprise a 3 0
radi o fréquency channel. During the transmi ssion of a conmunication signal
froma subscriber unit to the base unit, interference (typically known as

i ngress interferenc I |.cal |gnal 3 5
due to radiation of Wlﬁ&ﬂléﬁgﬁ&wgrﬁﬁw&é&mﬁk 2
frequency from a nESTBRFERENCE INeASCOMMUNICATION @YSTEMon of
interfering signals at, or near, the uplink frequency fromelectronic

devi ces, such as televisions or video cassette recorders (VCRs),
10

Field of the Invention

The present invention relates generally to communication
systems and, in particular, to mitigating interference in a two-way
15 radio frequency communication system.

Background of the Invention

Communication systems are known to comprise a plurality of

20  subscriber units that communicate with one or more base units via
radio frequency channels. One such communication system is a two-
way cable communication system. In a two-way cable
communication system, the subscriber units are fixed transceivers
that are located in the residences of system subscribers and are

25 connected to a base unit through existing cable television
infrastructure equipment. Each subscriber unit conveys information

; to the base unit at an uplink frequency and the base unit conveys

information to each subscriber unit at a downlink frequency. The
uplink frequency and the downlink frequency together comprise a

30 radio frequency channel.

During the transmission of a communication signal from a
subscriber unit to the base unit, interferencg, (typically known as
ingress interference) may be coupled onto the communication signal

35 due to radiation of interfering signals at, or near, the uplink



directly connected to the cable infrastructure equi pnment. The 5 majority
of ingress interference is typically generated at frequencies |ocated at
the |l ower end of the cable comunication uplink frequency band (e.g., 5-15

VHz of ﬁ&f; - MHz band). Wen present, the ingress interference degrades
the sig “%ﬂéﬁity of the communication signal received RFYYRISBINL ynit. 1
0.-Two known techniques for mtigating the effects of ingress interference
in a cabl e conmuni cation system are high_frequency transm ssion and source
i solation. The high frequency transmi ssi én techni que all ows uplink

transm ssions to occur only at uplink 1 5 frequencies residing at the

upper end of froquemdy fromramearby wireless transinittgn rodud so ¢opdugtion26f 42

Thut, Zuieglk#f ue%yﬁ?fsipec%#?‘f@é%é?%‘@ﬂif%& e Tl PIERAGETN; o, -

upl i nk comurdevicesrsichasielevisions er yi casse&tenenQMf \€¢R1she avallabf"e
20 frequencyirécyly %onh@éfeipfb maaablecmﬁasuﬁdtﬁrée ﬁﬂﬂéhswac'ty The -

source 1 s |at|0n t.eCh I, gque a nk tran SSI.O re uencgl es
¢ hr ougho 2o OF Agress, iRIGTTeBCR 1S tYRiAlIY, Soniated at frae Hieaies e

COWlmltnl cati Onlo‘cnﬁéd?ﬂtﬁle lowier ehd oftthe dﬁecomrhuhicitldn? liakafrequencly I éel t hen

i sol ate, sourges r i gna
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(e.g., by di smgless:mtedenencmdegmdesdhetsagnallmﬂmyr ofithecoimunivation

di srupts two- ¥{§¥1 Pé’gg{g% w%ﬁgvm[qﬁ to the subscribers located in the
areas o el

geographlcal ngress 1 nterference sources. 30 Therefore, a
need exik®s for a nethod and apparatus that mtigate interference in a

communi cat | on 'Syst eTwe kiiewn WKlicRes fot witigaga the EfeSTORingReds ¥ and (
W t hout creatin | Sruptions in_set
tgrfgre/nce ina ca'b commumcatlon system are high frequency

transmission and source 1solat10n The hlgh frequency transmission
technique allows uplmk transmlssxons to occur only at uphnk

15 frequencies residing at the 1 upper end of the cable communication
uplink frequency band (e.g., 20-42 MHz) and out of the typical
frequency band of the i ingress interference. Thus, this tcchmque is
spectrally inefficient because it allows only for uplink
‘communications in approxnnately the ‘upper one-half of the available

20 frequency range, thereby 51gmficantly hmmng system capac1ty The
source 1solat10n techmque allows uphnk transmissions at frequencies
throughout the complete uphnk frequency band; however, it burdens
the communication system by requlnng the base unit to first locate,
and then 1solate, sources of i mgress mterference when poor uplink

25  signal quahty is detccted In addmon, 1solat10n of the interference
sources (e.g., by dxsconnectmg uplmk service to a home or a
netghborhood) dlsrupts two-way commumcatlon service to the

. subscribers located in the geographtcal areas of the i ingress

interference sources.

30
Therefore, a need exists for a method and apparatus that
mitigate mterference in a commumcatlon system without
detrimentally nnpactmg system capaclty and w1thout creating any
disruptions i in service. :
35



3 Brief Description of the Drawings FIG 1 illustrates a two-way cable
comuni cation systemin accordance with the present invention. 5 FIG 2
illustr xenpl ary portion of a base unit in accordance with the

pr esent aﬁfﬁgﬁ%’g FIG 3 illustrates a tine frane contai MGHPSISBHality
of time 10 slots in accordance with the present invention. FIG 4
illustrates a logic flow diagram of steps_executed to mtigate interference
i n a communi cati on system+n accordance wth a preferred enbodi nent of the
present invention. 15 FIG 5 illustrates a |ogic flow diagram of steps
executed to nitigate interfdriefOéscriptiomofithe drawingsst em i n accor dance
with a first alternate enbodi nent of the present invention. 2 0 FI G

6 illustrates a Iog:EJ l-‘il di agram of steps,  executed to mtigate .
interference in a &huh RSUralRs & Byerway cablo communigationssyEstemnin

alternate enbg@bafﬁﬁn&fwmpﬂﬂgﬁgem ivaitioen. 25 Descri ption
of . a Preferred Enbodi nent- Gen the present invention enconpasses a

met hod an apparatus for mtigating interference in a comrunication system
that includes a bafGin illasidatesabexemipiaryupoitiod of Bbase unittinconveys a 3

frequency and “CHONATE #?@bﬁ%ﬂéﬁﬁéﬁ%ﬁ%ﬂsﬁél 'nk cormuni cati on si gnal o
the base unit at an uplink frequency. Upon receiving the uplink _
SSS}TP;C%L?.”f%%?*"‘ﬁrﬂ?ﬁ“ﬁaﬁﬂ%i%%’? ? Contiining 3°Flusality BF'eRRE 0, 2

bel ow. a déh tsHRAAcOrdanee, with the présens ipvention.

FIG. 4 illustrates a logic flow diagram of steps executed to
mitigate interfarence in a communication system in accordance with a
| preferred embodiment of the present invention.
15 .
FIG. 5 illustrates a logic flow diagram of steps executed to
mitigate interference in a communication system in accordance with a
first alternate embodiment of the present invention.

20 FIG. 6 illustrates a logic flow diagram of steps executed to
mitigate interference in a communication system in accordance with a
second alternate embodiment of the present invention.

25 Descnpnon of a Preferred Embodiment

Generally,g Lthe p{esent invention encompasses a method and
apparatus for mitigating interference in a communication system that
includes a base unit and a subscriber unit. The base unit conveys a

30 downlink communication signal to the subscriber unit at a downlink
frequency and the subscriber unit conveys an uplink communication
signal to the base unit at an uplink frequency. Upon receiving the
uplink communication signal from the subscriber unit, the base unit
determines a quality metric for the uplink frequency. When the

35  quality metric is below.a quality threshold, the base unit and the



4 subscriber unit transfer the comuni cation signal to an alternate uplink
frequency, while the downlink frequency remai ns unchanged. By transferring
t he conmuni cation signal from one uplink frequency to another uplink
frequenwyo 96r19843i s manner, the present invention 5 r edueaeTos98/14511
interference affecting the uplink comruni cation signal w thout disrupting
downl i nk communi cations, in contrast to interference isolation nethods of
the prior art. The present i nvention can4gbe nore fully described with 10
reference to FIGs. 1-6. FIG 1 illustrates an exenplary two-way cable

i cati Th
Ezm”tﬁmﬁﬁi@on ¢ Yafle bapsfa e CiRniliniBalin AERICH ah MEINARY, L of
subscri ber uridp G&WCYam&ﬁh%dime&k umye@mmmncl edabl e
il e comP X% ey eﬁﬁgﬁi ers; 1 gh%rlzt coaxéqaqenczbl es

splitter/conbj

t |
(e.g., 137), Wnhangtheg Iﬁg}}ﬁ *W@Fr 9% |lona L?‘gglmm “the, present invention; | .
pr ef er abl § Coredueéstthetlhterferehcedfwtnigemeghnhmmnnnnnmﬂmﬁls mal 120. 20

iPaﬁsgéﬁg2%’2@'@@‘%5@5@%&%‘ r&'ﬁgﬁ%gwEach of 'the

‘transcei vers imerfepenqge isolationymethadsi oﬁﬂleaprmrlartf requency transnitter
that transmts conmunication signals at downlink frequencies in the
frequency range of 50-.750 M+ and, a radjo : equenc ecei ver that '
recei ves conmuni ca’t['hérp@ﬁ%me&ﬁl%q?%befm&%gﬂﬁ SPH%PﬂeWimequency range
of 5-42 Myz. féfe?éhc”é t@Fm@selesmeremlusﬂaetesrarﬂeﬁem fwa-wagp m ght |

operate In an

f d
embodi ment , é%b gq“éﬁﬁ%"d@@oﬁ#&@é@"%ﬁ%r@? Egﬁe'vegorerprl se a
common 3 0  ilivention. s'i[‘heazlabﬂ)e oomumcattmesyestem 10Q includes acbasecunitdi ment

the 101, a plurality of subscriber units*103-108, and cable infrastructure
equipment. The cable infrastructure equipment preferably includes,
15 inter alia, a splitter/combiner 109, bi-directional amplifiers 110-112,
coaxial cables (e.g., 137), and an’ optlcal fiber 133. As shown, the .
base unit 101 is preferably coupled to the pubhc-swrtched telephone
network (PSTN) 120. -

20 = Inapreferred emboditient, the base unit includes a plurality
of transcewers 122-125, a processor 127 and a controller 129. Each
of the transceivers 122-125 preferably comprises a radio frequency
transmitter that transmits communication signals at downlink
frequencies in the frequency range of 50-750 MHz and a radio

25 frequency receiver that receives communication signals at uplink
frequencies in the frequency range of 5-42 MHz. In an alternate
embodiment, the transceivers 122-125 mrght operate in any one of

- the known radio frequency bands ‘Ina preferred embodunent the
processor 127 and the controller 129 preferably compnse a common

30 digital signal processor. However,'in an alternate embodiment, the
controller 129 might comprise an mdependent d1g1ta1 signal
processor ora mrcroprocessor

In a preferred embodiment, each subscriber unit 103-108 is
35  coupled to the base unit 101 via ‘the bi-directional amplifiers 110-



controller 129 m ght conprise an independent digital signal processor or a
m croprocessor. In a preferred enbodi nent, each subscriber unit 103-108 is

35 c I t he base unit 101 via the bi-directional L) 110-
5 112, %Q)?gg?&gabl es (e.g., 137), and the optical fiber @%@%ﬁ
subscriber unit 103-108 preferably conprises a radio frequency transceiver
| ocated in a system subscriber's residence. However, in an alternate

enbodi ment that does not depend on cable interfaces, 5 each subscri ber
unit 103-108 m ght conprise a t\/\o-wasé radi o or radiotel ephone. QOperation of

the two-way cdBle coesxkiahcshlesde.gydB8dh and the aptical fiber 133 Bachaccor dance

with the pres | | '@ﬁ?ﬂg@'t 5. ransmts
an uplink radlggbﬁfgg%ghgi}n} %%lb(%%% ca i%n I, nglé fﬁhtah%éggaéc%njt 101 at
an-uplink fr emgylwﬁop i3 system subscraber g f@&\ﬁf“‘f)‘ﬁ@nt A0WRVET pMf er r ed
enbodi ment, t An diEnaey efBydinranthat doés aot depead ol fableniptérfacesy tine

di vi si on ltiplg agces T ni.cati on_system and the link 1 5
comuni cag?onegFg SEY P%QSWMMMTW ACIRPL si gnal
cont ai ned wit badictelephoneti ve tine slot of a tine division multiplexed
(TDM frane structure. In an alternate enbodi nent; the two-way cable
comuni cation system 100 m ght conprise a_frequency_ division multiple

access (FDVA) conmiperatiosnobtha tHoovay cabigicommupicationcsystem £80i on
Spgnal m ot GeElfd 46 falloRAinokediaibe with die ,teiheggei hoeaor data
signal transmtied.,jn a {reque di vi si on nul t'} pl exe for Duri ng
the t ran%% ssiSH S%‘fd’ﬁ’héméfp %&%ﬁﬁnmﬁso@ P4 Tadio grequency; nce 135
(e.g., ingresgoninbnicitins sigrial toghs/tedeiunio 10 catcapuphnk feddgedd/ vieor any
of the other ¢ eTBRie ixflLﬁ'géé‘ucturf.leOegqui;lyfﬂ?t?’en(%1c In a preferred embodiment, the
two-way cable communication system 100 comprises a time division
multiple access (TDMA) communication system and the uplink
15 communication signal comprises a digitally modulated voice or data
signal contained within a respective time slot of a time division
multiplexed (TDM) frame structure. In an alternate embodiment, the
two-way cable communication system 100 might comprise a
frequency division multiple access (FDMA) communication system
20  and the uplink communication signal might comprise an analog, or
digitally, modulated voice or data signal transmitted in a frequency
division multiplexed (FDM) format.

During the transmission of the uplink communication signal,

25 interference 135 (e.g., ingress interference) is coupled into the
coaxial cable 137, or any of the other elements 110-112, 109, 133 of
the cable infrastructure equipment, either through conduction or
radiation. For example, the interference 135 might be generated at

: the current uplink frequency, or in a bandwidth that includes the

30 current uplink frequency, by a nearby radio transmitter radiating
energy in the uplink frequency range. The radiated energy is then
coupled into the cable 137, thereby creating the interference 135.
The interference 135 might also be generated by electronic devices
(e.g., televisions or VCRs) directly connected to the cable

35 infrastructure equipment. In this case, the interference 135 is



the cable infrastructure equi pnent, either through conduction or radiation.
For exanple, the interference 135 m ght be generated at the current uplink
frequency, or in a bandwi dth that includes the 3 0 current upllnk
frequeRfyogfgy Nearby radio transmtter radiating ener pli nk
frequency range. The radi ated energy is then coupled |n?§cyﬁe cagﬁ 137,
thereby creating the interference 135. The interference 135 m ght al so be
generated by el ectronic devices (e.g., téﬂ evisions or VCRs) directly
connected to the cable 3 5 infrastructure equipnent. In this case, the

I nterference 13 6 con ive]l]y caoupl ed thrqQugh-a cable to the cabl e
i nfrastruct ufen 31@}9?1}6%%@0%%0&?9“8 A cablefo Mﬂd&fﬂa@mml

recei ver secgyafpraéntahd ¥i6 the Yplink Sommgrication! dignihse unit 5 101
receives the uplink connunlcatlon signal, including~the interference 135,
fromthe cable infrastructure equi pnent- and provi-des a-.baseband
representation of A lueccweeseetion|qfrmtransce1|verp(erg:pi2ﬂ) at tile babe umibcessor

127 | -
22 TasY oo 1PIRERlescHR! WpHAR b Pubardif el MERGRRYL O ©F 59"
pr edet er ni neamteqferbncy 13%, drom the cab Sérmmweqnmmentznnd the signal
quality metr :;ﬁ?g{qegrd BQ&W p{%;@ﬁﬁ%_h 6%&%1‘?@& tO)ther @

carrier-to- ternate | ment ,, the

e L..O
ST unal qusl | DIORESSOr d 2 o The pracessat. & ?éngasurmesslge quality, metricor r or
rate or 1 5 fopth®receivedrcomhmunitatipatsignak aed, and qtefemnéd the quality

subst anditl | 13 yebe!a?@ﬁﬁ%tc’?aﬁtﬁaegthﬁhﬂﬁ‘ertﬁﬁﬁnﬁ%n%?g e o
transcei ver Yhreshpldatintthe preferrediembodiment, thessign quahty metricof
L T et BB ERBEE | ARpALpd 1addQURor € et o 0.
rference ratio (C/I). In an alternate embodiment, the srgnal
qualrty meétric mtght be related (e.g., mversely) to a b1t ‘error rate or
15 a word error rate. In yet another embodunent the quahty metric
' might be based on a level of mterference measured at a frequency
substantlally adjacent to the current uphnk frequency by an alternate
transceiver 123-125 at the base unit 101, By measunng the level of
'mterference ata frequency substantrally ad_;acent to the current
20 uphnk frequency, the base unit 101 can use the measured interference
first to approximate the level of mterference (I) present at the
current uplink frequency and then to compute the signal quality
metric (e.g., C/T) for the current uplink frequency. The
predetermmed quahty threshold is preferably selected to maintain a
25  bit error rate of less than 10-‘_5 ' :

w
{))

When the quahty metnc 1s below the quahty threshold the

controller 129 generates a transfer message and the base unit 101
transmits the transfer message to the subscnber unit 103 ata

30 downhnk frequency. The transfer message directs the subscnber
unit 103 to transfer the uplmk commumcatlon signal from the
current uplink frequency to an altemate uphnk frequency. As shown
in FIG. 1, the transfer message, and any other downlink
communication srgnals, might be combmed in the sphtter/combmer



first to approximate the level of interference (1) present at the current
uplink frequency and then to conpute the signal quality netric (e.g., d1)
for the uplink frequency. The predeterm ned qualit t hreshold is
preferaﬁ@%@%cted to maintain a 2 5 bit error rate of P VHEM [err].
When the quality netric is below the quality threshold, the controller 129
generates a transfer nessage and the base unit 101 transmits the transfer
nessage to the subscriber unit 103 at a 30 downl i nk frequency. The
transfer message directs the subscriber unit 103 to transfer the uplink

communi cat i on188gwith 4 cable tetevisiore (CATV) sigralciBletivat providestilslenat e
uplink freque nsfer nessage, and any ot her
downl i nk comlg%§35§ﬁ6%§gg¥%ﬁatpsé 1] ghu‘%%ﬁé%?gl ned in the splitter/conbiner
7 109 with a cable television (CATV) signal 131 that provides cabl e

recel ves. th SerYACG‘%‘?%EXSmrP%‘* L AReliEs B RapsRE mERdse o ber
unit 103 &?@6&54’%. aiaiﬁ the spbscr B&Fﬁ% l&&eﬂm didnal to
thehaltegnagrﬁmsfakﬂier aplink comitirlication s Iwggmmts Fsan ﬂkﬁl ns onc
unchange anges. | u
fromt%e curr vaggﬁéggmk@‘&% '-Wﬂi‘%?u gnd t%e
f1 0 base unis, thejsuﬂsarxbesumslﬁacmmgemmmsmt ycﬁonethe upl i Ink ’
requency to A e uplin
corr?nljni C)a/.t i onEgﬁez]ltHﬁ{ é@r?\&/lg e a%&‘gﬁlﬁc 0 E: %ﬁg&@t heIo
bandwi dt h Oof mmbiﬂémhmegg recmm drequencyi themunremluplmial

t wo- way conmu ﬂ?g?@é? TRE tFarisFér 4NbWikirand the

downlink fre ue s durln. at I C conmu I on Si naI
t he transfer qb\p % yﬁ e conveyed atan upf]nlcc uencyg

outside the bandwxdth of the mterference 135. However, distinct

from traditional two-way communication systems, which transfer
15 Dboth the uplink and the downlink frequencies during a typical

handoff of a communication signal, the transfer of the uplink

frequency is independent of any change in the downlink frequency.

Thus, the present invention provides for transferring the uplink

frequency to mitigate the effects of interference without disrupting
20 communications present at the downlink frequency.

)

FIG. 2 illustrates an exemplary portion of the base unit 101 in
accordance with the present invention. The exemplary portion of the
base unit 101 includes a transceiver 122, the processor 127, and the

25 controller 129. As noted above, the transceiver 122 includes an RF
receiver 200 and an RF transmitter 201. The receiver 200 includes
known front end and back end circuitry such as downconverters,
filters, and amplifiers. The transmitter 201 is known and includes
upconverters, filters, and amplifiers.

30

As shown, the receiver 200 receives the uplink communication
signal from the splitter/combiner 109 of the cable infrastructure
equipment. Upon receiving the uplink communication signal, the
receiver 200 downconverts and processes the uplink communication

35 signal to produce a digital baseband representation of the received



frequency is independent of any change in the downlink frequency. Thus, the
present invention provides for transferring the uplink frequency to
mtigate the effects of interference without disrupting 2 0 _

communi Gadioge7Pr esent at the downlink frequency. FIG 2 pbpagbyakps an
exenpl ary portion of the base unit 101 in accordance with the present

I nvention. The exenplary portion of the base unit 101 includes a
transceiver 122, the processor 127, and tge 2 5 controller 129. As noted
above, the transceiver 122 includes an RF receiver 200 and an RF

transmtter 201. Th ecgi ve. 20 -1 ngl udes known Ir end, k end
circuitry suct? &Ea]demséﬁg I (ffg?l?se Wﬁ pé?‘?"l ? Bismitter
201 i's known gprocessorubz?, tIncw eferee¢ embcbdlment ahelpmod:ssbrelm 30 As

plitter ?ﬁoﬁﬁ?ﬁéﬁ%&é%ﬁ? @%@'@2&%%&%@%@%@9 %ﬁ@?ﬁeﬂ%@éﬂf@ef ving

the uplink coreampatssithe miegriaitp a quality: thresh

rocesses ¢ he "“”
Easeband rjepr egentla?vl .on..o ai&%fdrglggfpragess%rgf@'hﬁ --.::_"$he gzo’ﬁtfbliﬁéb e’oand

represent at i orViasa 10gi¢ §ign cPrPGeFaé’Vth?éEBBhgﬂlﬁ uenRcy %’rr
enbodi ment, t heoritr6lES $29 g&&mwnaas&ﬁnemigemaslm videsftné the

baseband representation . g a a eshol d.
Wien the qual i g0 Fr@!‘ essgge i@%&lﬁ?\/%- FH'B 2}8&‘

i nstructs the subscriveramif 2%a the dowilink fresjuemely, ‘to proceed Wlth an upI i k

frequencykgransfer The controller 129 generates:a.transfer nessage 203 and '

provi des e transfer nessa 203 to the-transm-tter 201 for transm ssion
to the subscriber ukn aTh &ﬁommxcnnonrse@mﬂxe recgiver 200 might -

also measure the intérference or noise contamed in unused time slots
conveyed at the current uplmk frequency ‘In this case, the processor
127 approxlmates the level of mterference in the time slot containing
15  the uplink communication s1gna1 as the average level of interference
measured in the unused time slots and uses the measured interference
level to compute the qu_ahty metric. A detailed discussion of this
alternate technique is described below with regard to FIG. 3.

20 FIG. 3 illustrates a TDM time frame 300 containing a plurality
of time slots 302-309 transmitted at an uplink frequency by a
plurality of subscriber units in accordance with the present invention.
As described above with regard to FIG. 1, a TDM uplink
communication signal transmitted by a subscriber unit (e.g., unit 103

25  in FIG. 1) preferably occupies one of the time slots (e.g., 305). The
other occupied time slots 302, 306-309 contain TDM uplink
‘communication s1gnals transmltted by other subscriber units (e.g.,
units 104-108 in FIG. 1). Ina preferred embodiment, the base unit
‘measures a quality metric for at least one of the TDM uplink

30 communicatio:: signals contained in the occupied time slots 302, 305-
309 and compares the quality metric to a quality threshold to
determine when to transfer the TDM uplink communication signals
from the current uplink frequency 10 an altemate uphnk frequency.
In an altemate embod:ment the base unit mlght measure interference

35 contained in one, or both, of the unoccupled time slots 303, 304 using

(



In a TDVA communi cation system the receiver 200 m ght al so neasure the

I nterference or noise contained in unused tine slots conveyed at the
current upl i nk frequency. In this case, the processor 127 rOX|nates t he
| evel 63?878 ence in the tine slot containing 1 5 Hggg
connunlcatlon signal as the average |evel of |nterference neasured in the
unused tinme slots and uses the neasured interference |level to conpute the
quality metric. A detailed discussion of fhis alternate technique is
described below with regard to FIG 3. 2 0 FIG 3 illustrates a TDM

tinme }‘raLrEf 300a cecdinedisignal swengthiindicdtion (RSSTyaadistedfithe tivng ﬁahtyedt ﬁt
an uplink fre %@ gugi&- : iy '?ﬁ ance wi

t he Bresent [ ﬁ@gﬁ%{gﬁydﬁ% Hﬁ)‘é&é chﬁsbiﬁgbgﬁt edlg'l a TDM

upl i nk communi eeaupied sime slotsr302,303-3@%basedson measumdtm(m'fgcencem t
103 2 5 1 %ﬁﬁﬁp gﬁﬁg% fal , 305
The ot her l)gcub?gd ti sl ot sh!iéo %ﬁ@%mﬁ? pﬂbﬁk comrunl cati Zjn
signal s trans qge&Wwb%%Mmen lﬁye qu ﬁb’t@emq {e®.in FIG
1). In a prefeCrBob uphhkﬁ Betity lis Corraspoadingl Pr%élbwmérlcfor

at | east one of the nu catlon |ned I n
the occupied t4 quali B’I&r n@@@ @%Cﬁng efﬂ?%&ﬂéﬂ%llp& to a
qual i ty threshil the ondetupied temetsiot BO4| thmbm unktctranihits| 4 n‘ansfer
communi cati on £
upl i nk frequeﬁg’gﬁégﬁhﬁ#@ﬁﬁg{%&%%&@g%ﬁ%}/’ﬁhﬁpﬁa %@Zﬁure
interferen@e 3362, 303308 ﬂmdme@tsethecsubscnberarmtm@ trapsfarptheir t i ne sl ot s
303, 304 usi ngge "EOM \fisk i sl A AItERDREy
determ ne the gFlt r|c ﬁﬁ k§< nmuni cat I .on Si
contained in apee éy’tWr’ﬂ chmﬂa&séaqwqme Ine gred
interference |@mbodifient, thdmbsidﬁﬂ)drﬂhﬁtsf eraesfer theVEDMruplinkinoccupi ed tine
sl ot communication signals to the alternate uplink frequency
15 simultaneously“‘_ In an alternate embodiment, the transfer of each of
the TDM uplink communication signals might occur independently,
. prior to a subsequent transmission by the corresponding subscriber
unit. |

20 The present invention provides a technique for transferring an
uplink communication signal from one uplink frequency to another
uplink frequency to mitigate the effects of interference at the original
uplink frequency. This transfer is accomplished without changing
the downlink frequency and, therefore, without disrupting existing

25 - communications at the downlink frequency. In contrast to existing
techniques for mitigating ingress interference, the present invention
provides for more efficient use of the allocated spectrum in a two-
way cable communication system, whlle minimizing service
disruptions due to time delays in identifying and isolating the sources

30 of the ingress interference. Further, in a TDMA system, the present
invention provides for the simultaneous transfer of multiple TDM
uplink communication signals from a corrupted uplink frequency to a
higher quality uplink frequency, thereby redncing the switching
requirements of the base unit.

35



5 (e.g., 304) rises above a prescribed level, the quality netric (e.g.,
C/1) of the current uplink frequency is correspondingly below the quality
t hreshol d. Upon detecting the increased | evel of interference in the

UNOCCURY ' slot 304, the base unit transmts a tran ge to the
subscri ‘grga?r???s tansmtting in the occupied tine slots ﬁéﬁﬁs@%ﬁ 305- 309
t-hat directs the subscriber units to transfer their respective TDM uplink
comuni cation signals to an alternate uRbl nk frequency, w thout changing

t he downl i nk frequency In a preferred énbodi ment, the subscriber units

t f t he TDM i s t It. t i nk
froquency 15 sHiGHhHBSTEHS Arogikc Sa A A of e bbb o
e?CQrOI ot ge Tll?ﬂ emdetra i m&%%} tlﬁgatclglrlre &gﬁ%%‘mb r ?eirﬁphln t. 2
p i subsgaqu s s ng, su | uni :
The R’E@gmd mmm SEDf WYER f l%lﬁ W ing an
]chpI I nk comTu begins (40 1) wheh abaseunrtrepemcs arraphnh_ i cpmmmwaﬁm upl : nkk -
requenc - in
froquency. ﬁ;@nqg{@ B AGDSEARES Rl ot 24 SpIRICHEGpehed TN RESERRILT i
frequency andhen idetermings (#03) aquatity metrigfos:therupliy quuwchMcatlons
at the downli §cﬁ§ Ue with féﬁ&rﬂatﬁtm Xt sﬁﬂllfye eféﬁ*bly e

mtigating ingress | nterf nce esent "I'nvent -
ef fici ent us&OFAPRSRS amlseaﬁ NOISSE FaticharA &amst-t%p @Céd'%l cation

system while mnimzing ‘servi ce d| srupE| ons due to time delays in
Further 107 & Tovicegtndihe Hie Wkt o m iﬂﬁy LAt
si mul t aneous aqnmhf}etthhﬂld t When the/iquality gmatemthan onegual rom a
?g{j{‘]g?;gdt Egl SV\A quill rjc re ul- renh&l BE#C j”ﬁl ase’ Unlmgscpéeg% tHeher eby
commumcanon s1gna1 from the subscnber unit at the current
' uplmk frequency and the logrc ﬂow ends (41 1) However, when the
15  quality metric is less than the quahty threshold the base unit
generates a transfer message and transmlts (413) the transfer message
to the subscriber unit via a downlink frequency The transfer
message is preferably a digital word that instructs the subscriber unit
to transfer the transmission of the uplink commumcatron signal from
20 the current uplink frequency to an available (ie., unused) alternate
uplink frequency. Upon recerpt of the transfer message the
subscriber unit transfers (415) the uphnk commumcatron signal to
‘the alternate uplmk frequency, whrle the downhnk frequency (i.e.,
the frequency received by the subscnber unlt) remains unchanged,
25 and the logic ﬂow ends (41 1)

FIG. 5 111ustrates a logrc ﬂow dragram 500 of steps executed to
mitigate interference in a commumcatron system in accordance with a
first alternate embodtment of the present invention. The logic flow
30 begins (501) when a base unit receives (503) an uplmk
communication s1gna1 from a subscnber umt ata ﬁrst uplink
frequency The base unit then determmes (505) a quahty metric
(e.g., C/T) for the first uplink frequency



10 FIG 4 illustrates a logic flow diagram 400 of steps executed to
mtigate interference in a comuni cati on systemin accordance with a

preferr rrent of the present invention. The logic f i (401)
when a base unl? recei ves an uplink comrunication 5 Si gw$%4§§
subscriber unit at an uplink frequency. The base unit then determ nes (403)
a quality nmetric for the uplink frequency,, As di scussed above with regard
to FIG 1, the quality netric preferably conprises a signal-to-noise ratio
or a carrier-to- mterference ratio. Conti nuing, the base unit

conpares (407) the Nﬂ&tﬂ umttdﬁtgnqum ¢S0Dra qualityl mefmisrforre qual ity

nmetric is gre f?étﬂ?énd Eis‘iiié’ﬁhéb’frbhi ‘?ﬁé“ﬁlﬁt Pb base unit

continues (409) to recelyve CcO ni.c Si romt he

subscri ber unli equenty A3 Pﬁ?f‘*ﬁg:‘ ‘?Q‘ngulfé“ a’-‘&n@e AYIPR COMPFIEET s

5;111) A Pgwevermemmin g eleveld of interfetencerdt the sec hhhrfré g i 2213)
resho e S

t he transf er r%glgﬁg@g{}’&&f’ﬂgqﬁi ﬁ%hgﬂ%%tﬁzﬁgwqﬁ@*ﬁ%%&cy The

o e m““""“‘ ‘m‘“‘ B e ot o &

0 the curren @%%Pfer{&d’ requency to an a gwﬁﬁwwﬁﬁ%??d e’gl ternate

upl i nk fr equendste intesference level an MWW@'SMQEOftthG upltiker i ber uni't

Hgga; ﬁg s (415éoexh£hﬁémgguah ﬁﬂpfé&ﬁe& sgewrﬁdsetmiﬂagtﬁétfﬁ%ﬂa an\r;L'dnE
t he subsé?ber}rﬁﬂpﬁ‘c)ﬁe fr%’“’dﬂl?f%&gséya tlﬂﬁa§ Y@W (:f'ends Y
(411). FIG 5 intéerfetermiecat thel sepond uplinkifegruenc300f o10 deeibelsabovea t o

Al ternate 2%32@?@@?&#3@8’@%%%32@%%%@*%"éﬂ?%% Ighelof i e
(501) when a bH3dBmVM forthe uplinksaanmimigationisignahantheafirstruplininal from a
?gg;)cr ;beLalulmtfreﬁfé?ﬁcﬁ alst usilg' 41 RSSTHRASHremdEft fPESmpRite ah%ﬁxﬁ@feﬂr m nes
18" ' * darrier to-interference ratio of 20 dB for the second uplink
frequency.

When the quality metric of the first uplink frequency is greater

than or equal to the quality metric of the second uplink frequency

20 (509), the base unit continues (511) to receive the uplink
communication signal at the first uplink frequency and the logic flow
ends (513). However, when the quality metric of the first uplink
frequency is less than the quality metric of the second uplink
frequency (509), the base unit transmits (515) a transfer message to

25 the subscriber unit via the downlink frequency at which the base unit
is presently communicating with the subscriber unit. When the
subscriber unit receives the transfer message, the subscriber unit and
the base unit transfer (517) the uplink communication signal from the
first uplink frequency to the second uplink frequency, while the

30 downlink frequency remains unchanged, and the logic flow ends
(513).

FIG. 6 illustrates a logic flow diagram 600 of steps executed to
mitigate interference in a communication system in accordance with a
35 second alternate embodiment of the present invention. The logic



(e.g., CI) for the first uplink frequency. 11 Next, the base unit
determ nes (507) a quality netric for a second uplink frequency that is
distinct fromthe first uplink frequency. In a preferred enbodi nent, this
det er mppég/@eTcONPri ses nmeasuring a | evel of interferencecrusIshesidaecond
uplink frequency, 5 when the second uplink frequency is not being used to
convey an uplink comuni cation signal, and conputing an esti mated
carrier-to- interference ratio for the ggcond uplink frequency based on the
determ ned interference | evel and the power |evel of the uplink

{1 equoncy. Eilos‘xixﬁwéfém%ﬁy » bife Bpeteledtod: 234 e@ﬁi’k“p' | nterfor ence

at the Seconﬂtommﬂﬂmmmmm m a subscriber unithahva firstiplinkol t ( dBnv)
usi ng an RSS 4 éval s pgrnk
communi cat i o#réqi'giknﬁa!ﬁ a t ?I rstm&P| nk_.t: fﬁ&n@ 9

an RSS|

. U
measur ement taoSeSORG UeRAYEt ig dls%%&rﬁerxlti%ﬁe\m nce ratio of-

20 dB forg t hey Um:ké'lthé qualiey enetritfideterhrinationifor thetsecondf the first
upl i nk frequ

reatertha r.e u
second upl i anH(i ngy ¢l %sg% @’h@gﬁgé’[ﬂ(ﬁ @bm‘l%#%{nag’f%
receive the yplp mfeg;;gbasahbnaneasmmg aaleveilmffmtelfenemerat theesqaendy and -
the logic flqw he first
-upl i nk frequé'm:‘g‘mj @Wﬁggﬂfggs ual rret’rl C oFHe dsﬂedé‘é dnkpl I nk
frequency (5degquency ismet being usedwmoavqssaa)ummk samunmmge to 2 5
t he SUbﬁfé'bﬁ%gﬂﬂlt via the downlink frequency at which the base unit is

presentl’y co ni-¢ating with the subscriber -unit. When the subscriber unit
recei ves the transfer message, the subscri.ber unit and the base unit

transfer (517) thewtgd the QQWMCM thegsecontl uplink érequency is less
than or equal toa qualrty threshold (607), the base unit continues
" (609) to receive the uplmk communication s1gnal at the first uplmk
15 frequency and the logic flow ends (611). However, when the quality
metric of the second uplink frequency is greater than the quality
threshold (607), the base unit transmits (613) a transfer message to
the subscriber unit via the downlmk frequency at wh1ch the base unit
is presently commumcatmg with' the subscnber unit. When the
20  subscriber unit receives the transfer message, the subscnber unit and
' the base unit transfer (615) the uphnk communication srgnal from the
first uplink frequency to the second uplmk frequency, while the
downlink frequency remams unchanged and the loglc ﬂow ends
(611).

25
_ The present invention encompasses a method and apparatus for

mmgatmg mterference ina cormnumcatron system that includes a
base unit ‘and one or more subscnber umts With this invention,
ingress mterference that is conducted or radiated into a two-way

30 cable communication system can be mitigated without sacnﬁcmg
system capacity or without disupting communication services. In
contrast to the prior art, the present invention permits utilization of
the complete uphnk cable commumcatlon frequency band and
provides for continuous communlcatlon service by transferring an

35 uplink communication signal to an alternate uplink frequency when



first uplink frequency to the second uplink frequency, while the 3 0
downl i nk frequency remains unchanged, and the logic flow ends (513). FIG 6
i1l ustray@sefosy®gi ¢ flow di agram 600 of steps executed torﬁ‘rﬁdsgﬁi&n
interference in a conmuni cation systemin accordance with a 3 5 second

al ternate enbodi rent of the present invention. The logic 12 fl ow begi ns
(601) when a base unit receives (603) anjgplink conmmunication signal froma
subscriber unit at a first-uplink frequency The base unit then determ nes

(605) a quali metr.ic, fa econd u fre that s.distinct from
the first upl &’ﬁ%@gmﬂm{}&ﬁ E%Q M ¥rlﬂigﬁ%§5 on for
Ej he second uDhntmtfdre?qeLe rEurtHexs ansasaﬂ)MA Isystegn| the pré‘deﬁt ibvehtioa

eterm nation VeiRASH erence at
t he second uppkﬁﬁmes @B'atg% N %Wmésm“&m5@&nd upl i nk
frequency is @@muwan@ncsignals sherebryi reducing the switahing 0  signal .
Wien the gqual i 'ﬁﬂﬁi uplink frequency is |ess than or

equal to a qua%g reshol e?%%%?ﬁﬂ?he base unit continues (609) to
recei ve the upllnk_connunlcatlon signal at the first uplink 1 5 frequency
and the logic flow ends (611). However, when the quality netric of the
second uplink frequency is greater than the quality threshold (607), the
base unit transmts (613) a transfer message to the subscriber unit via the
downl i nk frequency at which the base unit is presently comunicating with
the subscriber unit. Wen the 20 subscriber unit receives the transfer
message, the subscriber unit and the base unit transfer (615) the uplink
comuni cation signal fromthe first uplink frequency to the second uplink
frequency, while the downlink frequency renmai ns unchanged, and the |ogic
fl ow ends




(611). 25 The present inven |on enc a nmet hod and apparatus for

mtigating interference in systemthat includes a base unit

and one or nore subscri be mﬂﬂmﬂ‘]&z i nvention, ingress interference

t hat ismkgﬂg-) d or radr y 30 cabl € GRAFRYEYs[gsth ON

system can be mtigated w t hout sacrificing systemcapacity or w thout

dirsrupting conmuni cation services. In contrast to the prior art, the

present invention permts utilization of.fhe conplete uplink cable

comuni cation frequency band and provideS for continuous comuni cation

service by transferring an 3 5 upli nk&ﬁomrunl cation'signal to an alternate

upl i nk frequency when 13 the origin aUB$| nk frequency is detrinentally

i mpact ed by ingress interference Further, in a TDVA system the present

I nvention pro |des Hg@) muk t a eous Lpl nk tr.ansfer of rrul.tldole TDM
) ce i

upl i nk corrrrunl cati 6h R

requirenents systbtreﬂhmsnchldes abas&mnﬂ andra mbscnhennnhpdhe baserumrgat i ng
interferegce .

subscr i be? unF?n@%iﬁ%sW@ﬁ%‘?%%Mn Silat 152n8 sHBSErNEE nft °
signal to theasdmanhnkefreqmncsaand thcmhsam ramreemvmgtmuphnkcn ber
unit conveyin [ an uplink
e s e sttt s i nua o

10 a) receiving, by the base unit, the uplink communication signal
from the subscriber unit at the uplink frequency; ‘

b) determining, by the base unit, a quality metric for the uplink
frequency; and

15
~c)  when the quality metric is below a quality threshold,
transferring, by the base unit and the subscriber unit, the uplink
communication signal from the uplink frequency to an alternate
uplink frequency, while the downlink frequency remains unchanged.
20

2.  The method of claim 1, wherein step (b) comprises the steps
of:

bl) determining a level of interference at a frequency substantially
25 adjacent to the uplink frequency; and

b2) computing the quality metric for the uplink frequency based on
the level of interference.

30 3. The method of claim 1, wherein the communication system is a
time division multiple access communication system and wherein the
uplink communication signal is contained within a first time slot of a
plurality of time slots conveyed via the uplink frequency.



10 a) receiving-~-hy the base unit, the uplink comunication signal from
t he subscriber unit at the uptirnk freguency; b) determ ni ng, by the base

uni t, a v ek/idsys mat_ry upl i nk frequency; and 15 clypcrndesiusipe
quality nmetric is b Ig[’ﬁ Wi[lﬂ”eshol d, transferring, by the base unit
and the subscriber ufiite o conmmuni cation signal fromthe uplink
frequency to an alternate uplink fFequenqy_;, whi |l e the downlink frequency
remai ns unchanged. 20 2. The nethod of claim1, wherein step (b)
conprises the steps.of: termning a.level i nterference at a
frequency substant isl;am wegkédo @F&Pe‘?ﬁw r?‘ﬁe“ﬁBl@&l?"ﬂEﬂ%ﬁ'ﬁ SIERE Db2)
conmputing thegfuality nmetric for the uplink frequency based on the | evel of
interference. 3 0 3. The met hod of claim 1, wherein the comunication
systemis a tine division nultiple access communication system and wherein
the uplink co)ni cletemniningrmilevel ofcimterference inha second timetsiotofithe of a
pl urality gof 'ﬁgalft 360 d?_[g a the uplink frequency. 15 4. The
nmet hod of 58| aitﬂr% , ﬁfgﬁgg’?ﬁe‘% ‘; conprises the steps of: bl) determning
a level of interference in a second tine slot of the 5 plurality of time
slots; and b2)h2) comgiﬁpmgﬂ@egualit%gxmidf& fier uphik fpédqidndy Basedcy

er e

based on the lo%/tetlxe fevélnc;fe {ntert%ré:née.

10



16 5. A method for mtigating interference in a comunication systemthat
I ncl udes a base unit and a subscriber unit, the base unit conveying a
downl i nk communi cation signal to the subscriber unit at a downlink

frequengp she s nveyi ng an uplink 5 (ﬁ?%ﬂ. tion
signal to iﬁ gr{)ase ﬂnmmulﬂngm plink frequency, the Pm&* 0 J(':%l?rpri si ng
the steps of: a) recetvimng,» € base unit, the uplink conmunication

signal fromthe subscriber unit at the fi g st upI i nk frequency; 1 0 b)
determ ning, by the base unit, a quality netric for the first uplink

frequency; c) deter by the base upit, a.quality nptrjic for a
second 15  uphinkA n&;ﬁ@agfpr mlﬂ.ffﬁf eRee 40 A COIMURICALON,r ¢ he
fllrst ka'lnk §y ﬁﬁﬂfﬂfﬂtx?élddé%sabhﬁ’@tuhheaﬁwh a'w‘bhgﬁbﬁfutﬁhtf ﬂ'iegbﬁeﬁﬁﬂob nd .
upli nk freque ransferri e uni e, subscri ber .uni
the Ul i nk-coRRtieving 8 doynfitk cofpinicili Kgnal 1o ﬁPPﬂ‘Rn ity o
the second uphiddwhlinkfeequencyhahd thbesubsmbenhniir

Systom’ 5 tpéélrﬁ}lwca%ﬁlwg??'a“@% tﬁ%ﬁ’i@?ﬂ’?‘i §ﬂ§%§%¥ﬁ2ﬂ" o0 ein

the uplink comethodaa mpnsn;gw&lestgps tal ned within a flrst time slot of a
plurality of time slots conveyed via the first upllnk frequency. 5 7. The

net hod of claim6, wherein _a ality,of subscri-ber units transmt uplink
comuni cat i on a3j gn&@@lymg,tbbé%b%gésﬁﬂﬁ “pi@iwo@mumcatwn signal :
from the subscriber unit at the ﬁrst uplink frequency,

10
b) determining, by the base unit, a quality metnc for the first (|
uplink frequency;

c) determining; by the base unit, a quality metric for a second
15 uplink frequency; and

d)  when the quality metric for the first uplink frequency is less
than the quality metric for the second uplink frequency, transferring,
by the base unit and the subscriber unit, the uplink communication
20 signal from the first uplink frequency to the second uplink
frequency, while the downlink frequency remains unchanged.



uplink frequency, wherein each of the uplink comunication signals is
contained within a—corresponding tine slot of the plurality of tinme 10

slots, and vvhereln s the step of transferring, by the base
unit an¥Q 98T o) E ﬂ‘i&!ﬂgm units, the uplink coﬁﬁ%gﬁﬁé
signal s fromthe f| rsequency to the second uplink frequency,
while the downlink frequency remains unchanged. 1 5 8. A net hod for
mtigating interference in a comunicati éd system that includes a base unit

and a subscriber unit, the base unit conveying a downlink conmunication

si gtnal to the&UbSqdeﬁrethodfonﬁaﬁnt cﬂ;vwhefdinfthewﬁﬁm:ﬁe@tth T idh e P'sw?ﬁcisflabert
unit conveyin atio e bas irs
upl i nk frequeﬁé@e dﬂ%lﬁﬁlﬁﬁﬂgﬁ &R}%@Fﬁﬁ &f?@djw 10, Vi ng,
by the base umplinkt mmnnmmgn&mcmmqhwlmmﬁrbbumdashndfea uni t
at the first f ase unit, a
quality nmetri Mds%ﬁbq EOQV? g%l}’é%g@ andﬁt’gmk i\/%égfnwﬁ?g qual ity
metric fof the second upllnk frequency is greater than a quality threshold,
commn cat I‘%JSY e Al o rsttagw*ﬁ. ; lgf J’Wﬁ?r"‘“ %“sﬁ“% ik
frequency, whifadl H’Eﬁ\ﬁ tﬁgﬁm tA net hod
for mtigati n@plnﬂeftbquency, wvheraneaszchmﬁ!he:a lmkccnmmmhnonsa alym t hat

conveyi ng.1 i miS 60BRingd ikl §irtsbdiging “C@dﬁﬁtﬂfiﬁ% iﬂ&#@%ﬁiﬁsﬁm 0 e

pl ural ity of slﬂtspandewhmmst@ (d}acompmasl thecstepeofitrangfearing by theural ity

of subscri ber Bmi ﬁ#ﬁg I xed

conmuni cat i Onﬂé?%?]ﬁ\xfﬁﬁﬁﬁtpﬁgﬂ ase un| E g an upli rfkm# %é]uenc t he nmet hod

conpri sing t h@mmon signals from the first uphnk frequency to the second
uplink frequency, while the downlink frequency remains unchanged.

15 8. A method for mitigating interference in a communication
system that includes a base unit and a snbscriber unit, the base unit
conveying a downlink communication signal to the subscriber unit at
a downlink frequency and the subscriber pnit conveying an uplink
communication signal to the base unit at a first uplink frequency, the

20 method comprising the steps of:

a)  receiving, by the base unit, the uplink communication signal
from the subscriber unit at the first uplink frequency;

25 b)  determining, by the base unit, a quality metric for a second
uplink frequency; and

¢)  when the quality metric for the second uplink frequency is
greater than a quality threshold, transferring, by the base unit and the

30 subscriber unit, the uplink communication signal from the first
uplink frequency to the second uplink frequency, while the downlink
frequency remains unchanged.



10 a) recei ving, by the base unit, a plurality of uplink time division
mul ti pl exed comuni cation signals fromthe plurality of subscriber units at
the uplink frequency, each of the plurality of uplink tinme division

mul ti pl woad/1egrsuni cat i on signal s bel ng cont ai ned wit hi N SR %ﬁfﬂ?ﬁ”di ng
time slot of a plurs 15 Db) determning, e base
unit, a carrier-to- IMHMHIHHM;HW) for at |east-one of the pI urality of
upli nk tine divisi on mula i pl exeds communiggation signals; 2 0 c) when t he
carrier-to-i nterference ratio is below a quality threshol d, transmtting,

b the.base sage . to t h | ural ity of subscrlber units
v?/a t he down nk f&e‘ﬁi\?&%@% Bye égéfxg‘elma BQ-way eablepl urality of
su Ibs cr : ber . u mommumcaaonfsystemethat inclhdey adass ﬁimﬂhnﬁ'ﬂ'fplllﬂﬂkit}? bPn

mul ti pl exe t 26 te upli requency;

and d) traflés?{gegpaﬂ)%il ?ﬁg%éé’%g%ﬁ’?ﬁg‘?}aﬂgﬁé&ﬁ ‘g‘?’éf? 10n H-ihE]GHE ri ber
units, the pld@ m;t@mupumnnonrﬁagnalslmthephnh eﬁsdbsmhemunnsl on i
S|gnals mul lgﬁg he alternate

upl i nk frsgequeéntiipqg\l\v‘/ﬁ?llmelt L1, r&ﬂ?e@ yenc g renalsén.%&ﬁ ki ged. 19 10.
A base unit %P 35101 m‘ﬂ mmmaugnraggnaham i nk

conmuni catlorthellmelumoa@aa uipslink frequenicl, die meéthod! doth h%ﬁiglﬁ%g ?Qd the
subscri ber un¢¢ conveyi ng an upI i nk ‘comlni cat1 on ‘si: gna to ase unit

at an uplink equency, the 5 base unit conprising: a radio frequency
recei ver that receives the uplink comrunication si gnal fromthe subscriber

unit at fhe up | ”krefcéﬁ%ﬁnﬁxl 'the base unit, a plurality of uphnk time division
multiplexed communication signals from the plurahty of subscriber ‘
units at the uplink frequency, each of the plura.hty of uplink time
division multipléxed communication signals bemg contained within a
corresponding time slot of a plurahty of tlme slo_ts,

15

b) determmmg, by the base unit, a camer-to-mterference ratio
for at least one of the plurahty of uplink tlme d1v1s1on multxplexed
_commumcatlon s1gna1s, -

20 ¢) = when the carner-to-interfefent:e ratio is below a quality
threshold, transmitting, by the base unit, a transfér message to the |
plurality of subsctiber units via the downlink frequency, the transfer
message directing the plurality of subscriber units to transfer the
plurality of uplink time division multiplexed communication signals

25 - to an alternate uplink frequency; and -

d) transferring, by the base unit and the plutahty of subscriber
units, the plurality of uplink time division multlplexed
communication signals simultaneously from the uplmk frequency to

30 the alternate uplink frequency, whlle the downlmk frequency remains
unchanged. @



10 a processor, operably coupled to the radio frequency receiver, that
determ nes a qualL%y~ﬁeLLLc*LQL_Ln__upIink frequency and conpares t he

qual ity wigbéAeer3 0 a quality threshold; 1 5 a controplg labI y
coupled to the proc M mﬂ]mat es a transfer nessage en t
quality nmetric is b t hreshol d, the transfer nessage

directing the subscriber uhit"td tt“ansfer he uplink conmuni cati on signal
fromthe uplink frequency, to an alternate upl i nk frequency, while the

ransm tter . dgor A Pase SENLIR & SOMEIERARHOR SEFter Hie HaserBHl Lo | he
transfer nesszgmveginga dowalihkymufudication signslcord sabsdrilsstuemit it a25
downlink frequency and the subscriber unit conveying an uplink
communication signal to the base unit at an uplink frequency, the
5  base unit comprising:

a radio frequency receiver that receives the uplink
communication signal from the subscriber unit at the uplink

frequency;
10
a processor, operably coupled to the radio frequency receiver,
that determines a quality metric for the uplink frequency and
compares the quality metric to a quality threshold;
15 a controller, operably coupled to the processor, that generates

a transfer message when the quality metric is below the quality
threshold, the transfer message directing the subscriber unit to
transfer the uplink communication signal from the uplink frequency
to an alternate uplink frequency, while the downlink frequency

20 remains unchanged; and

a radio frequency transmitter, operably coupled to the
controller, that transmits the transfer message to the subscriber unit
via the downlink frequency.

25 -



