1 SYNCHRONI ZATI ON DETECTI ON USI NG BANDW DTH AND ANTENNA CONFI GURATI ON FI ELD
OF THE I NVENTI ON The present invention relates generally to wrel ess
comuni cati on networks, and in 5particular to a nmethod of utilizing

downl i nk channel bandwi dth and transmitter antenna configuration
information in detecting whether User Equipnent is out of synchronization
with the network. BACKGROUND In cellular w rel ess comruni cati on systens,
nobile termnals (referred to herein as User 10Equi prent or UE) receive

si gnal s transm SYNGHBONZATONBDETECTION USING BANDMIPRHIANINANTENNAS (base
stations, or Node B). The UE continuously nmonitor the channel quality in
order to connect to the Node B trﬁﬁyﬁiqlﬂ%{ﬂoﬂhe best signal. If the channel
quality, as determned by a netric such as the Signal to Interference and
Noi se Ratio (SINR) goes bel ow r I the UE typically have
probl ens detecting and readi ngﬁgi!ﬁtﬁ?ﬁém\y%&ﬂ@'channel S. This 15in turns
nmeans that the UE could m ss inportant information, and/or could

M si nt er piTee peEsattinlentingriates gefeallydr avirpless canruiieatioonetwasdyandrit er preti ng a
control signal may transmt information on a timnme/frequency/code position
reservéd particeadpaenetiy of Philizing domslink ghagyfel hardyjdh ag‘étf%ﬂsé‘é?teréf‘teﬁ@ﬂ of the
network coul d create unnecessary interference, In this cas% UE is said
to be out ceHfigeiAieminiMatian e Aetarting WhethendeeidiakiPmsgHs PRof SYic Eﬁ&‘tzaB‘?" with
Synchroni zati on BOOS) detectors are based on nonitoring predeterm ned
control ﬁm for a particular channel quality netric, such as SINR
Over a predetermned duration T, if the average SINR is below a threshold
correspondi ng to an excessive Bl ocip, E’é 6RbURY € (BLER) on control channel s
(e.g., 10-30% or greater), the UE 1s deened to be Q0S. The duration T
shoul d be chosen such that instantaneous fading s sho;fl]I d. not 25trigger
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S5transmt ower u conmman ti ng I saturati on base station transmt

pover . On?n %&aé“fal.ss e E@#ﬁhoqae%&eénﬁmdlmﬂbqgmrg%d Selsieg @bl in U. S.
Pat ent No. 7149 538. is determned to be @S, it is inportant

that the Ugugand URWScaliPhdeiprdtmslanedting kind RABIAG costtbrbnd Jata Sitarinbid! This  may
regain synchronization with the network upon receiving a signal of
suf f i ¢6enin tqmaInmdays tHat thetuEdoutdraissl Divpolrtantinfoomdtion,| ansliog balld migintékpetir at e | n
control signals. For example, a UE erroneously interpreting a control signal may transmit
information on a time/frequency/code position reserved for another UE. Thus, UEs out of a
coverage area, or cell, of the network could create unnecessary interference. In this case,
the UE is said to be out of synchronization with the network.
20  Prior art Out of Synchronization (O0S) detectors are based on monitoring predetermined
control signaling for a particular channel quality metric, such as SINR. Over a predetermined
duration T, if the average SINR is below a threshold corresponding to an excessive Block
Error Rate (BLER) on control channels (e.g., 10-30% or greater), the UE is deemed to be
00S. The duration T should be chosen such that instantaneous fading dips should not

25  trigger an O0S detection, implying T in the range of 100 ms in currently defined cellular

systems.



10Synchroni zation (1S) detection is inportant follow ng connection setup or
handoff, as well as followi ng OoS detection. Prior art OoS and IS detection
met hods do not consider the bandw dth of downlink channels, or transmtter
antenna configurations. Advanced w rel ess conmuni cati on networks, such as
those conformng to the UTRAN LTE (UMIS2Terrestri al Radi o Access Network
Long Term 15Evol ution) protocol, nay be configured to operate with a

pl ural i ty Aabrnghil Dbsrcenditishatdsneebddedtdniddband ©DMre(VICDWA). ke UBddbritbsrid | y,
LTE supports M MO (Miultiple Input, Miultiple Qutput) techniques enploying
mul ti pl e tDownknk Dedimategthasical Bhahnd (2 -DRGHWS IR Wieh IthezldDRAH SINB it toansmi t
antenna configuration profoundly affect downlink control channel decoding
per f or manda fop@HaNAERYfoldasoding. ite U mugecagpe rarsanigsiadon the urliskdp seiepaid
herein, a UE in a wireless comunication network consi ders the erq?v\ql i nk
channel bimateratervithptesUEsnigurigimese. dug e ReraiRtertropAoYnBISS NG g HE wil
synchroni zation (IS) thresholds and filter durat ia?ns Addi t i ongj ly, the UE
may coRsi dapsmit p cePMapd ERHHNLIB SPIVERIPR P RAse St ransdit AOKE™ Sifber of
transmttin ntennas in.a 25system.- _i. t i 1S
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synchr oni gkl QUeA aBiohfinddiodbeBdseh RmpBRARTHE §RIIELMIRINAE ronikhe bandwi dth

(BW of do comuni cation channel's to the Ue Is determ ned, and an QoS
t hr eshol d ghGnipR thiimersliafty, dMRatdans) ﬂe?&n BYNch iz #SilitHARE netwofkIpbh € Of

downl i nk communi cation channel quality is nonitored and conpared to the QS
t hr eshol dyeckivinghesighapsnaticidntaluality toditddt el dowBRikBontrd8ighaIngt Aceehelnd, it is
determ ned that the UE is out of synchronization with the network. Another
enbodioensyidhré@izgor 0Spddidctioplimpartaat folovdngwondketda setnmouharciaff asnwveletswor k.
The 5 UE includes a receiver and a controller. The controller is operative
t o cont r ofollbwieg CeSealetestion.and furt her operative to determ ne the BW of

downl i nk comuni cati on channels to the UE, set an OoS threshol d based on

t he downl Prier @B\QoSramd iSotetestion mathododenehsorsider die kpanidihal dewRinkchenteison
channel quality; conpare the channel quality nmetric to the QS threshold;
and if ther FsRYier agiaang ¢opfigrsatiang. Advapeadyyifeless comBURIFR REMETKSHRHCE AR ne
that the UE is qut of 10sy ronizat i with the network. BRIEEF CRI PTI ON
O Tre riapRessay e T § DEAN EOR SRV ES de e Eo Ao SR

wrel ess ¢o nication network. Figure i f I agr met hod of
Get or 15 ni FEPIRR) Sldsp ey b Reiou Eoly biecds tn 3P B AT oBined P72
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portion of a W reless comuni catioh net Ing a transmtter

102 and alomb'ai)'té‘chhﬁhéé &%loyﬁ%mk@%& BRI EREnak Udth HiSandkigthnalixardad 100 may,

for exanple, conprise a network, or any other wreless

comuni CafHeQ@n%ﬁbﬁ@hrﬁH&inﬁ?@étidﬁWuﬁd& 4ffaet dwinlitk cdn@olbastey ébcalied i n t he
future. The LTE systemutilizes vari abl e-bandw dt h 200~FDM ( Ort hogonal

Fr equencypéXorinahc@n Mul ti pl exi ng), and supports both SIMO and M MO
(Single/Multiple Input, Miultiple Qutput) antenna configurations. A wreless
network transmitter 102, referred to as Node B in UMIS, transmts signals
in a @wnlink direction (fromthe NSYMMARY2 to UE 108) froma plurality of
antennae 104, 106 in the M MO inplementation depicted in Figure 1. The

mul tiple ARINGR ch8%r mbRSerAb&it& 8l ditQosed herein, a UE in a wireless communication
network considers the downlink channel bandwidth in setting out of synchronization (OoS)
and in synchronization (IS) thresholds and filter durations. Additionally, the UE may consider
transmitter antenna configuration — that is, the number of transmitting antennas in a MIMO
25 system — in setting the Oo0S and IS thresholds.
One embodiment relates to a method of determining synchronization of a UE in a wireless
communication network. The bandwidth (BW) of downlink communication channels to the

UE is determined, and an QoS threshold is set based on the downlink BW. At least one



25 enhance bandw dth efficiency. M MO systens provide nultiple inputs and
mul tiple outputs for a single channel and are thus able to exploit spatial
diversity and spatial multiplexing. Different M MO transm ssion nodes in
the downlink direction utilize channel information to 4 inplement |ink
adaptation. The UL 108 nonitors the dowslink channel quality, and feeds
back channel state information to the Node B 102, which may then perform
appr opr i atreetdpafcdewblinkzopruoiestanraasnet quadity isrotitoresard @oipectd|to g, Oqsower and
nodul ati on adaptation, beanform ng, and space-tinme codin The LTE protocol
supports dhrgshefdalfitheychafinel quality mitric isi tielost the RoRitersshaid, amdrtpranned thatds r ef er s
to system bandw dth, such as 1.4, 3, 5, 10, 15, and 20 MHz. The comon
channel s éi?c'ﬁoa'sofﬁvnchmnyan(fﬁhe petprkand synchr oni zat i on channel s are
transmtted over |imted portion_of cell bandw dth (over ce 6 resource
bl ockey 1 9T euet aRebiaE GPHeRINE PP OSSR W@H%H@Wg

associ ate trol channel cou ver th dwi dt h.
Cere t e 05 BRHRAPOVE P aa AN Car el 'Sﬁﬂ%%'r‘{% 0“9%%@%3."% bandvi dt h
of the ent héﬁm‘ﬁ (&pe HOE 1 é:gr%snet REBIW G SRR *) %@%@hﬁﬂe@% @ yene or

nor e ant ennae ecel vea Si gna s are anpli processed 1n a front

end recei wef an%é&%‘&ésh&l&%aséd ént tﬁé 8wk BW; ﬂﬂﬁlt&gat féalstt&fe mekrio of@B@nRNVer t ed

to digital format by a . The digi'tal signal is then further
filtered Qﬁmﬁuﬁkﬂl&%aﬁdd &@lltylé&n@P@thBrcﬂmt Qshlityanatri¢@3fe GOS8 tHréghollif ansf or m
(FFT) function 120 15 that determ nes the frequency domain sanples of the
recei ved sh@i&eschadmed qSality matrit istieowctds Despiapshay determied éraethe & K ipiolitodf)
synbols are fed to the channel estimation function 124, which estimtes the
channdgb cegidhranizatidrewittsthevebtwods t he i nterference and reference synbol SINR
The channel estimates are provided to a detector 122, that decodes the data
and control channel infornation. The instantaneous SI NR is provided to a
control l er 126. 201 nf or neBRIGR DESERBTIRY @O AHEARAMNINGR| decodi ng
performance, such as for exanple PCFICH soft values, nmay al so presented to
t he contr @lgusy 1 52Gunclibeal ok diabladT of bak obd gibelsEn@immemidatibronetaokon on t he
system bandwi dth and transmtter antenna configuration, for exanple, from
hi gher | ayfeures? igradflowntiagrariota imefhod whdetenmirfibgthd il skr iEqaiptheal(t/Ehisaput of
configuration in a cell) is sent on broadcast channel for UE in idle node.
A connect eynchisaizalyl with awirelessreemivnisatioeaderkr es target cel l's bandwi dt h
and antenna configuration fromthe serving (old cell) in a handover

cormand The controller 126 det er Sin case UE is QoS) status
based Bn the reference synbol i\ %D%ﬁgﬁ:’qﬁﬂgnnel quality netric),
system BW and optionally the transmtter 5 antenna configuration. The
control | eFigh51 tdpdots & plition bia winsessaotmnmunichtsetktwork t10@ intdtdingra trargmit@r and oS
states, such as ceasing transm ssion of some or all signals in a

transni t t 462 and  mobile trwing henwiser Eqliemert i 1ol 08e Fhel mewerisyl 08 e s exagiple,

gener al - pur pose, stored-program m croprocessor, a digital signal processor
(DSP), pr é@fﬂ@nﬁ?ﬁﬂ]wf&g?‘g nebyogle 61 FHLQUIPT MiTPless SRTBYRISATIER RYSIEN PBEocohr any

conbi nati on of hardware, software, and n the
Addi t | onak'i“gwn ip e a1 jite ke deyalqred inthg f”t'ﬁPTﬂ%E %Vé[égbweﬁ“fﬂab'aha"%%thne|

more 8o Qiéméri&c“ra??rﬁ@%wvﬁ”ﬁ@%ﬁﬁm il e BB on or

har dvvar e, ﬁl%/mrtnﬁre 'ﬁlﬂ% i %L@Hénne né &ntﬂggzrta etS 10As not ed above, the

bandw dt h u I'ze transnmt antenna
A wireless network transmitter 102, referred to as Node B in UMTS, transmits signals in a

downlink direction (from the Node B 102 to UE 108) from a plurality of antennae 104, 106 in

the MIMO implementation depicted in Figure 1. The multiple antennae 104, 106 are used to
25 enhance bandwidth efficiency. MIMO systems provide multiple inputs and multiple outputs

for a single channel and are thus able to exploit spatial diversity and spatial multiplexing.

Different MIMO transmission modes in the downlink direction utilize channel information to



configuration (e.g., whether one, two, or nore antennae 104,106 are used to
transmt signals fromthe Node B 102), profoundly affect downlink control
channel decodi ng perfornmance. According to one or nore enbodi nents of the
present invention described herein, these channel characteristics are
determ ned by the UE 108, and considered in 15setting thresholds for QoS
and | S detection. Since the downlink BWal so has an inpact on the | ength of
fadi ng di pspletnbet link baptaiiost EretUE n080o&itarsdhé Govinlink enannetequality samdiieedadapt ed
based on the system BW A nethod 200 of OoS and IS detection is depicted in
Fi gure 2. bahiechaindlBitaliofoonationds theltodp BndRi whith By thee Padoi ARKOPEABNNel (st ep
202). This determ nation may be achieved via 20hi gher | ayer signaling
messages, SORCEENePRFesERIBHSTAIPYEYsSENgdting Hﬁt"i’rcﬁ"?dcﬁ'??d&ﬁgorb?d '&control

channels. The UE 108 al so opti onal | d%errrierr‘es t he tranﬁm‘t er .ant enna
conf i gur atieBRosping AN NpaeS- ‘1@%’"{95?%%'- prptocqiisRPQis AR R P H"n@&ce | so be
hi d via hidah | . i L Con.
cooh s datrRsSanteraR s AR RETs RevalrT vany s o pe R b FRBRER Wi o
i nbl i.th j i A - The UE
108 sets e chearnbl &RHHA S APERYRERFZ AT ARSSHARRh fRRRels ¥ ok
BW and Opta'r@%srn?(ttnealogﬁralmtgijbgﬁ8§m%‘I%ﬁn(ﬁ\ﬁ&tﬁmr8&1’&5' @#é%@&rb@ﬂo&lé?ep 206) .

For | arger down andw dt h val ues, such as for exanple those

greater thadhrRedddt cel0binvtn. FBRENE! shdRARABHISERY JRESHMTB] tumtrel dhainels at a
reference synbol SINR (per 6 antenna) of approximately -4 to -5 dB. In

contrast, cb@g bk eeioveand bt calianowidthb Hedvwheltidtevranaties of dangltinkalsantedtrexanpl e
1.4 - 3 MHz, the corresponding SINR threshold val ues are approximately -2
to - 31dB. nikaes thd dolvnirsttahdwidthyof be dntie ehme as t he QoS t hreshol d.
Alternatively, the IS thresholds may be different than the OoS threshol d.
For exanplTee UEH®8IreCebeh dewhik dranemissions dt apgyermeyamatante1 tjRegrived
approximately -2 to -3 dB SINR, and O to -1 dB for the |ower bandw dth

val ues. THKign@p areramrlifed engt rpFasked ingrfronhend repriten CiscHilr ' RHltErPdtN @NSRAIRY | s

Tégf 388%?&’9%“}15%%33%5\5%@? ?%&&fﬁ%ﬁ%@%;ﬁqa e E@é g ool S 16r Hebehe  f or
) Wi dt. T | i i ,
E)r eaﬁysg‘;‘ i Ber dotel a3 AR peskr it B3P Pt TRne Rl B )?ﬁf‘ﬂ"ﬁ&?ufgﬁ on.
n d Zﬁonﬁﬂa?ga[gﬁniﬁeesgﬁeg ﬁé%né%aiﬂ?%@pl%{&tﬁé let&led ?anﬁé; T e Liib-Bfridi@nger than

t he values nentione oVeE, C I'S propor to the DRX cycle

ength. TheJEoA0, EOEIES DS AN &l bR GHanblabirhstih BB . Such

as by nmonitoring t _ ownl'ink reference synbols, the BLER of a
control charAktim&es hB@hhrreBeodkicichReas WrilRa hy gl ridened hikrefdienzseimppial i ty

metric - filtered, or averaged over a duration determned in response to

t he downl SINR.BWEa@ngHrer edtitsiaré pevidadioendaedan2eghaiadecodes-the datbehdw t he CoS
threshold (step 210), then the UE 108 determines that it is out of

synchr oni zadtiobchanhélhnforineation. Tk dressantanenun$ IR is provided via kort@ler(126ep 212). The
UE 108 may take several actions at this point. For exanple, in one
enbodRérentnfermeticsEreg@gingwyntos asannet degeding pérfagmaneen siedh as for example PCFICH

soft values, may also presented to the controller 126. The controller 126 also receives

information on the system bandwidth and transmitter antenna configuration, for example,

from higher layer signaling. This information (bandwidth and antenna configuration in a cell)

is sent on broadcast channel for UE in idle mode. A connected mode UE prior to handover
25  acquires target cell's bandwidth and antenna configuration from the serving (old cell) in a

handover command.

The controller 126 determines O0S (or IS in case UE is OoS) status based on the reference

symbol SINR (or other channel quality metric), system BW, and optionally the transmitter



20Quality Indicators (CO) on the uplink. This may be an indication to the
network that OoS has occurred. |In another enbodi nent, the UE 108 may
termnate all uplink transm ssions, such as by disabling the transmtter
side of its transceiver. In another enbodinment, the UE 108 may initiate a
connection release tiner at upper protoéol |ayers. Regardl ess of the
measures taken upon detecting that the UE 108 is out of synchronization
25wi t h t hanrahavosrtigl@fion. The cddirolld}8 26 drehitakee further atian baseton tize ddeunlineak
signal and to nonitor the downlink channel quality (step 214). Wen the
measur ed d®wand Dn& stEtesnsiesh agweadsing/transtisision of saged of 2ll slghele ineaitransenitted dur at i on
that may be determ ned_in response to the downlink cell BWand/ or

t ransmi t t eircéirnelrshewrlohitd epntralter AA6 mﬁhéo'ﬁﬂ?eélgef‘@la‘ ?"FB‘l’ﬁet HarcPPF Mt er

duration) - is 7 above the IS threshold (step % en$h 3 108
det er m negmﬁrﬁarpaﬁsongdwgyuswn?lrprg%eq*h(eﬁ% EOEEW?"U&‘ '°9’ﬁe39ﬁ C@F egdul-

t t k 100 21 The UE, 108 t h abl
e S SR Ry AR,
a.nd/ or ta?\dg Cgll'gﬁ)al fﬁ 1%'%@’1’ ’{gb ﬁecﬁ%gﬁgggg%achgm‘% Eﬁﬁ:ﬁé’t&QbX with the

wi rel ess K net wor'k 10 continues to nonitor the

downl i nk I %H&H &!&tdecﬁm for or@SdL&ss8ReRd/ePS (step
210) . Tabﬁue ?&%e’l‘ w p ng%%??ggge I;%,)gtﬁaeos;ese%xerrp aordf OE)oSrt%?esﬁol ds and filter

I engt hs aggpsf &ﬂﬁéy W\r?\?fenﬁleﬁwala's%lﬁy e&hbiniRA MhaHiWaraNsbivb ) §RA firkVarént enna
configuration. MHz) Filter Length (nms) OoS Detection Threshol d:

Ref. Synbghows M%E(QB) 1 TX antenna 2 TX antenna 3 TX antenna 1.4 400 -3
A 10  As noted above, the bandwidth utilized in downlink channels, and the transmit antenna
configuration (e.g., whether one, two, or more antennae 104, 106 are used to transmit
signals from the Node B 102), profoundly affect downlink control channel decoding
performance. According to one or more embodiments of the present invention described
herein, these channel characteristics are determined by the UE 108, and considered in
15  setting thresholds for OoS and IS detection. Since the downlink BW also has an impact on
the length of fading dips, the time constant in OoS and IS filters may also be adapted based
on the system BW.
A method 200 of OoS and IS detection is depicted in Figure 2. The UE 108 determines the
bandwidth of the downlink channel (step 202). This determination may be achieved via
20 higher layer signaling messages, or determined from broadcast information on one or more
control channels. The UE 108 also optionally determines the transmitter antenna
configuration at the Node B 102 (step 204). This determination may also be achieved via
higher layer signaling messages, or by explicit detection, such as reading and determining
the Primary Broadcast signal in LTE, which is scrambled with a transmitter antenna-specific
25  scrambling code. The UE 108 sets the OoS and IS thresholds and filter values based on the
downlink BW and optionally also the transmitter antenna configuration (step 206).

For larger downlink channel bandwidth values, such as for example those greater than 5

MHz, control channel decoding may become unreliable at a reference symbol SINR (per
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antenna) of approximately -4 to -5 dB. In contrast, for lower downlink channel bandwidth
values, such as for example 1.4 — 3 MHz, the corresponding SINR threshold values are
approximately -2 to -3 dB. The IS threshold may be the same as the OoS threshold.
Alternatively, the IS thresholds may be different than the OoS threshold. For example, the IS
5  threshold for the larger bandwidth may be approximately -2 to -3 dB SINR, and 0 to -1 dB for

the lower bandwidth values.
The OoS filter duration — or the length over which the SNIR is averaged to mitigate the
effects of fast fading — may be in the range of 100-200 ms for the larger bandwidths, and in
the range of 300-400 ms for these smaller bandwidth values. The IS filter duration may be

10  the same, or may be shorter, such as approximately 20-40% of the OoS filter duration. In
discontinuous reception (DRX) mode the filter length will be longer than the values
mentioned above; typically it is proportional to the DRX cycle length.
The UE 108 monitors the downlink channel quality (step 208), such as by monitoring the
SINR of downlink reference symbols, the BLER of a control channel, or the like. If the

15  measured downlink channel quality metric — filtered, or averaged over a duration determined
in response to the downlink BW and/or transmitter antenna configuration — is below the OoS
threshold (step 210), then the UE 108 determines that it is out of synchronization with the
wireless communication network 100 (step 212). The UE 108 may take several actions at
this point. For example, in one embodiment the UE 108 may cease transmitting Channel

20  Quality Indicators (CQI) on the uplink. This may be an indication to the network that OoS has
occurred. In another embodiment, the UE 108 may terminate all uplink transmissions, such
as by disabling the transmitter side of its transceiver. In another embodiment, the UE 108
may initiate a connection release timer at upper protocol layers.
Regardless of the measures taken upon detecting that the UE 108 is out of synchronization

25  with the network 100, the UE 108 continues to search for a downlink signal and to monitor
the downlink channel quality (step 214). When the measured downlink channel quality metric
— again, filtered over a duration that may be determined in response to the downlink cell BW

and/or transmitter antenna configuration (and may differ from the OoS filter duration) — is



-6 -6 Table 1: QoS Thresholds and Filter Lengths 10Table 2 bel ow presents
a set of exenplary IS thresholds and filter |lengths as a function of
downlink cell bandwi dth and transmtter antenna configuration. Cell BW
(MHz) Filter Length (nms) IS Detection Threshold: Ref. Synbol SINR (dB) 1
TX antenna 2 TX antenna 3 TX antenna 1.4 300 0 -1 -2 3 300 -1 -2 -3

above the IS threshold (step 216), then the UE 108 determines that it is again in

synchronization with the wireless communication network 100 (step 218). The UE 108 may

then enable its transmitter, resume transmitting CQl, disable a connection release timer,

and/or take other action to allow it to communicate effectively with the wireless

5  communication network 100. The UE 108 continues to monitor the downlink channel quality
(step 208) to detect if it again goes OoS (step 210).

Table 1 below presents a set of exemplary OoS thresholds and filter lengths as a function of

downlink cell bandwidth and transmitter antenna configuration.

. 0o0S Detection Threshold: Ref. Symbol SINR (dB)
Cell BW (MHz) | Filter Length (ms) 1 TX antenna 2 TX antenna 3 TX antenna
1.4 400 -3 -4 -5
3 400 -4 -5 -6
5 200 -5 -6 -6
10 200 -5 -6 -6
15 200 -5 -6 -6
20 200 -5 -6 -6

Table 1: OoS Thresholds and Filter Lengths

10  Table 2 below presents a set of exemplary IS thresholds and filter lengths as a function of

downlink cell bandwidth and transmitter antenna configuration.

. IS Detection Threshold: Ref. Symbol SINR (dB)
Cell BW (MHz) | Filter Length (ms) 1 TX antenna 2TX antennay 3 TX antenna
1.4 300 0 -1 -2
3 300 -1 -2 -3
5 100 -2 -3 -3
10 100 -2 -3 -3
15 100 -2 -3 -3
20 100 -2 -3 -3

Table 2: IS Thresholds and Filter Lengths

The present invention may, of course, be carried out in other ways than those specifically set
forth herein without departing from essential characteristics of the invention. The present

15 embodiments are to be considered in all respects as illustrative and not restrictive, and all
changes coming within the meaning and equivalency range of the appended claims are

intended to be embraced therein.



5100 -2 -3 -3 10 100 -2 -3 -3 15 100 -2 -3 -3 20 100 -2 -3 -3 Table 2: IS
Threshol ds and Filter Lengths The present invention nmay, of course, be
carried out in other ways than those specifically set forth herein wthout
departing fromessential characteristics of the invention. The present
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CLAIMS

1. A method of determining synchronization of a User Equipment (UE) in a wireless
communication network, comprising:
determining a downlink cell transmission bandwidth (BW);

5 setting an Out of Synchronization (OoS) threshold based on the downlink BW;
monitoring at least one metric of downlink communication channel quality;
comparing the channel quality metric to the OoS threshold; and
if the channel quality metric is below the OoS threshold, determining that the UE is

out of synchronization with the network.

10
2. The method of claim 1 wherein monitoring at least one metric of downlink
communication channel quality comprises averaging the value of the channel quality metric
over a duration determined in response to the downlink BW.

15 3. The method of claim 1 further comprising determining an antenna configuration at a

wireless communication network transmitter, and wherein setting an OoS threshold based
on the downlink BW comprises setting an OoS threshold based on the downlink BW and the

transmitter antenna configuration.

20 4. The method of claim 1 further comprising, after determining the UE is O0S:
monitoring at least one metric of downlink communication channel quality; and
if the channel quality metric exceeds an In Synchronization (IS) threshold,

determining that the UE is in synchronization with the network.

25 5. The method of claim 4 wherein the IS threshold is the same as the OoS threshold.

6. The method of claim 4 wherein the IS threshold is different than the OoS threshold.



15enbodi ments are to be considered in all respects as illustrative and not
restrictive, and all changes com ng within the neaning and equi val ency
range of the appended clains are intended to be enbraced therein. 8 CLAI M
1. A nethod of determ ning synchronization of a User Equipnment (UE) in a

wi rel ess communi cation network, conprisgng: determning a downlink cell
transm ssion bandw dth (BW; 5setting an Qut of Synchronization (QoS)

t hreshol d based on the downlink BW nonitoring at | east one netric of

downl i nk cpnMmem&iRdd Sl WRreid Wiad liSttiresiiddRAEdsnBant the OoB aitegioldjual i ty
metric to the OGS threshold; and if the channel quality netric is bel ow the
QoS threshold, determning that the UE is out of synchronization with the
network.. 1€ The nfdifod GiLRA @&/h&élﬂ'ﬂ’i@ 15 RS 1 PRt RA i sfnst RARE One netric
of downlink conmuni cation channel quality conprises averagi ng the val ue of
t he channedovgumkiBW. netric over a duration deternmined in response to the
downl i BW 153. The nethod of claim1 further conprising determ ning an
antenna configuration at a wirel ess conmuni cation network transmtter, and
wher ei n se9 tTiha gnaliibd¥TIUdifreewinetid tixaisanresiibld halettomited ik repymseonpthe ses setting
an QoS threshol d based on the downl ink BWand the transmtter ntenna

conf i gur at 40¥nlink G4V pRd anartawg configyration ai AW RS CORBIBICALG IR TW

determ ni ng, fhed)E IS CS. nonitoring at |east one netric of dovvnl i nk
conmmruni cati1 on channel quality; and if the channel quality netric exceeds an
In Synchroni zation (1S) threshold, determning that the UEis in

synchrgni zat i wi-t h. t he wor K.. 255. Th 98 inthe IS
thres h%qqd | sAtoﬂ%ergng’é)megt {iﬁ%e) Oﬁglgtw?ﬁlrneas 0?185“30081 ?Jajilﬁ}l ﬂétwo d\(‘jmet?gcl aim®6
wher ei n t henlpbistrigt eshol d is | ess than the QoS threshol d. 8. The net hod of

claim6 wherein the IS threshold is determ ned in response to the downlink
BW 5 9. The ®&tH¥d> of claim 8 wherein the IS threshold is deternined in

response to the, &ﬁ%lléﬁ%eﬁW@ﬂﬁkoﬂf}oﬁﬂé %@@eﬁ@ﬂé fmea&pe%v@&o a Wreless
communi cation network transmtter. 1010. A User wq)w prrent (UE) operative in

a wirel ess comuni cateleomineatosh ttansrpisgionpandwidth (B
15 set an Out of Synchronization (OoS) threshold based on the downlink BW;

monitor at least one metric of downlink communication channel quality;
compare the channel quality metric to the OoS threshold; and
if the channel quality metric is below the OoS threshold, determine that
the UE is out of synchronization with the network.
20
11. The UE of claim 10 wherein the controller is operative to monitor at least one metric
of downlink communication channel quality by averaging the value of the channel quality

metric over a duration determined in response to the downlink BW.

25  12. The UE of claim 10 wherein the controller is further operative to determine an
antenna configuration at a wireless communication network transmitter, and wherein
setting an OoS threshold based on the downlink BW comprises setting an OoS threshold

based on the downlink BW and the transmitter antenna configuration.



conprising: a receiver; a controller operative to control the receiver, and
further operative to determne a cell transm ssion bandw dth (BW; 15set an
Qut of Synchroni zation (Q0S) threshold based on the downlink BW nonitor at
| east one netric of downlink comrunication channel quality; conpare the
channel quality nmetric to the QoS thresh6ld; and if the channel quality
metric is below the OGoS threshold, determne that the UE is out of

synchr oni 28t i ofheWEhf tihien Hevieeik, af@Odetdrminfingthe Eoé CoBathmcdiirofibras &irthet he
controller is operative to nonitor at |east one netric of downlink

communi catoperativeiannel qual ity by averaging the value of the channel quality
metric over a duration determned in response to the downlink BW 2512. The
UE of cl ai m 10MpRikr &t lgastioae Msiricrah pwrlink sommppisation spanngt Uit @ddet er mi ne an
antenna configuyration at a wireless conmunjcation ne K transmtter, and
wher ei n sett i nfyNgfhepe ﬂﬁg}'é’s'ﬂﬁtf"ae’f?ﬁgéﬁa’b'ﬁ%’H%‘r%ﬁ{'f’? h%@w’shgﬁ‘p‘fﬁt%@?%et ting
an OoS_t hreshol d based, on_the downlin W.and ransmtter antenna

confi gar ation. 1081%3 .hellbﬁe's 'Uéy%w%qlzgﬁ%nlg‘%'&ath é"re@?%ﬁ%' after determ ning the
UE is S, the controller is further operative to: nonitor at |east one
metric of downlink communication channel quality; and if the
channel qyal i t YndTBEToF BlafXPERMS iR the 1B tRESHOM i9 HeZdtinleQds thé Bbs tleaeiol d,

determ ne Sthat the UE Is in synchronization with the network. 14. The UE
of claim 13 wherein the IS threshold is the sane as the QoS threshol d.

15. The UE of claim 13 wherein the IS threshold is different than the QS

t hreshol d1510 THHUE bhelaiEl divhetéiaita I$hredsreidis diffeteat thanthedddSthregboldr m nes t he
IS threshold in response to the dowmlink BW 17. The UE of claim 16
whereil@ the controller determnes the IS threshold in response to 15the

downl i nk BWand an antenna configuration at a wireless communi cation
net wor k t ABnsn¥he BE of claim 15 wherein the controller determines the IS threshold in response to

the downlink BW.

17. The UE of claim 16 wherein the controller determines the IS threshold in response to
15  the downlink BW and an antenna configuration at a wireless communication network

transmitter.



