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SYNCHRONI ZATI ON DETECTI ON USI NG BANDW DTH AND ANTENNA
CONFI GURATI ON FI ELD OF THE | NVENTI ON The present

WO nooent4ien rel ates general ly ﬁo Wi rel ess comMmuPCT/AP200%1055835
networks, and in particular to a nethod of utilizing
downl i nk channel bandwi dth and transmitter antenna

EqdARROMZATIONHETRC AN Toik; BANTRARTREANB A igina
BACKGROUND I n cel | ul abdﬂlﬂépﬁﬁ'laﬁmm cation syst ems

nmobile termnals (referre erein as User Equi prent
or UE) receive signals transmtted on downli nk

channel s by netvvorl-_:% %?mﬁéﬂ\&l\{ 8Re st ations, or

Node B). The UE continuously nonitor the channel
quality in order to connect to the Node B transmtting
The prasenbiewention gelales geferatetookisaiers comualinication astvieks anil ired
by a netric such as the Signal to Interference and
particiei tea Rathiod of 8lillRY dpvedink ehanwebbartdwédh ahd traagroiger artenna
UE typically have probl ens detecting and readi ng
configueation diforamatiodén detettingnihetherthses Eqnipmenhis ontalireynehiranization with
the UE could mss inportant information, and/or could
the nativeiknt er pret control signals. For exanple, a UE
erroneously interpreting a control signal may transmt
information on a tine/frequency/code position reserved
for another UE. Thus, BE@KﬁROéNDa coverage area, ofr
cell, of the network could create unnecessary

In cell'u[étr Wr@%@@@&rﬁmuhf&aﬁm §ys&f?1$sﬁ mdoil& tdrkidafs @é\“bﬁe(ﬁ ® I#l?relﬂtéts User

of sync hroni zat1 on w't e networKk. lor art Qut of

Equ%éﬂ?@rrl‘.?@ &Rkl o |g(15@§)an Ftt%@toﬂrd%wﬂﬁr?x ﬁgls networktransmltters

moni t orlng predeterm ne contr ol Sl gna |ng

(baseR&dtohs, Lﬂrfl\fod%r@nﬂ?é U ﬂ%hfﬂ%ugptrﬁdnq:tor FHCHaA! éhgl@r infE&r to

a predeterm neéd duration T he average

onnéfe@{oq% wohermmnﬁgwe%gpagmgw&% %nﬁéﬁ%‘ééﬁtwfs &lt&ﬁhned by a

Error Rate LER) on contro hanne "10- 30% or

metriJSRALR e SIQIHQI HinteFedREIBAY NBisBRatio (SINR) goes below a threshold

value, the UE typically have problems detecting and reading control and data channels. This
in turns means that the UE could miss important information, and/or could misinterpret
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.

Prior art Out of Synchronization (OoS) 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
008S. The duration T should be chosen such that instantaneous fading dips should not
trigger an O0S detection, implying T in the range of 100 ms in currently defined cellular

systems.
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®S. The duration T should be chosen such that

i nst ant aneous fading di ps should not trigger an QoS
waledoeasdion, inplying T in the,range of 100 ms PEI/EP2009/055835

currently defined cellular systens. A formal QoS
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Output) techniques employing multiple transmit antennas. Both the bandwidth utilized and
the transmit antenna configuration profoundly affect downlink control channel decoding

performance.

SUMMARY

According to one or more embodiments disclosed 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
system — in setting the OoS 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 OoS threshold is set based on the downlink BW. At least one
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networ k considers the downlink channel bandw dth in
setting out of synchronization (OGoS) and in

waeyehsam zation (1S) threshobds and filter dupel/ER289/055835
Additionally, the UE may conSider transmtter antenna

L e
e S50t SR T i 2SS T b vt
ue s SR RN Eibh AR utbF ot ﬁZ”SVE“ idtshdétB o mpLeSomngdngn
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commyiafi {;nghlg@@ i PPEEEE e nE R a8 oS hrgsnoi:
and it ERER D pSCARF Rictos el O Ipsrifd. oo shaliEe DRuS out o

, i cation channel quality; conpare the
SynChE?Pé?g@Wtﬁg ?I}‘wﬂ{g?ri c to the S threshold; and if
the channel quality netric is bel ow the OGS threshold,
determ ne th ' jz@&tion wth
t he networKk. %FE?%&EIT% SH-@E%\@WN@ Fi gure
1 is a functional block diagramof part of a wreless
Figure: b ismaufunctianabbloglediagrakn offiaginfe dirdlgssconuniciitiag natwask. a
nmet hod of determ ning that User Equi pnent (UE) is out
Figuren? issy fhavin dimgirana vf @ meltiadihof aetarmmirgstbatcdsemiguipatand JE) is out of
net wor k. DETAI LED DESCRI PTION Figure 1 depicts a
synchpaization with aawivéless| @ssnwueationinetiarion net wor k 100,
including a transmtter 102 and a nobile termnal, or

User Equi prent (UE) 108. The network 100 may, for
exanpl e, DETAILED DESCRIPTION

Figure 1 depicts a portion of a wireless communication network 100, including a transmitter
102 and a mobile terminal, or User Equipment (UE) 108. The network 100 may, for example,
comprise a UTRAN LTE network, or any other wireless communication system protocol
known in the art or to be developed in the future. The LTE system utilizes variable-bandwidth
OFDM (Orthogonal Frequency Division Multiplexing), and supports both SIMO and MIMO
(Single/Multiple Input, Multiple Output) antenna configurations.

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
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
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conprise a UTRAN LTE network, or any other wreless
comruni cati on system protocol known in the art or to

wheodevahpped in the future. Jfhe LTE system ut PCT/ER209/055835
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controTc aanc’nfe nBrirafidn. ThaMaRnett? SINR is provided to a controller 126.
Information regarding control channel decoding performance, such 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
acquires target cell's bandwidth and antenna configuration from the serving (old cell) in a
handover command.

The controller 126 determines OoS (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
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that determ nes the frequency domain sanples of the
recei ved signals. The sub-carriers corresponding to

wo efoenenee (pilot) synbols arg fed to the chanmel/EP2009/055835
estimation function 124, which estimates the channe
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ospsy 8t e Teffenss Sl siRbralter e et engggnvare
knmNéthIS !n case UE is O0S) status based on the
é‘fe?gﬁtce synbol SINR (or other channel quality
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Onthha%gpagﬁi software, and firmwvare known in the art. As
Gotted" above, the bandwi dth utilized in downlink

A metﬁggaaglo?Ooé%ﬂdtlél‘ae{egf”flcpnsirsndtep%%tdeln E%ure 2. The UE 108 determines the

bandwidth of the downlink channel (step 202). This determination may be achieved via

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
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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configuration (e.g., whether one, two, or nore
antennae 104, 106 are used to transmt signals from

wo b@ohlode2 B 102), profoundly affect downlink cREI/ER1009/055835
channel decodi ng perfor mance According to one or nor e

antenfi RS @PRRAmTfY %EOrQO[Be?'? dinda8t SO SRR AR re'd?ﬁlfth
valued. 3 38y BEARPETT £S 3 M bt aP? thr&?ﬁ%@%@%@% Fafiaere
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A'temaﬂveﬁa(é st Blev s fEns o B s Pledtid BB St ble. the 15
threstial rop B¥)aicBE baNRIRE e ecioef abitell grar T HE TRBZHY o0 -1 0B for
the | orrdent er neld from broadcast information on one or

e loygf e é’&’“ﬂbéﬁ? U&tannel s. The UE 108 al so optionally
The iR fiephdERoA o5 F&?%@qmataﬁf?frwh?ﬁ BRRNER preliodt oty i e
eﬁect%ﬁy%‘?’twﬁﬁ'“ﬁgt%@f porhE frroRi “P@&Qﬁ i '@ﬁ@”ﬁ%ps iRl bnd in
the rab 3 o AR rF i Tl P PR il 4 ﬁ'g?“@&'.gffl“srduraﬂon may be
the st 2L v HRASH Fv{hiésug%q*%ﬁ@gﬁe@i%%ﬁ'@“ﬁﬁ*eea@%%mhf‘?nﬂwaéw- n
dBCO@&HP?%%ﬁC%F RonEr80 3bdstiBs hlet e B Monneaee,
menti$RAEHSLVSRANEs o ERRLb Y BE R R kB core
The UEEHR nBRkds iy Surfaf BER R BTGB AR SEFLR bE RtorRs the
SINR SPYUAN (EBRAE by RBRS b B e KU ysBi AR dhe T ke
measied BRI IPRE Aald rietig o oo e gt @2?@3 1R ¢ftEmined
n respls83 st s % &0 bR b AR <Rt bleRba o e 0o
thresr}r@’ (S?erﬁ’e?ﬁgmﬁ @gn%ﬂ% ﬁe\g arplﬂgg% ot it o?‘syncﬂromzat.on wiBihe

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
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
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
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Regar dl ess of the neasures t aken upon detecting that
the UE 108 i slablg 1:.dPoSyhraishelds and Fitar bendths he net wor k

100, the UE 108 continues to search for a downlink
Tableg, ty':rl@m Peasanis@ seb Al ©HMAlang 1A duAshotde andditeelengihalas@yfunction of
(step 214). \Wen the measured downlink channel quality
downlgpkt @and\wgﬁwnd ffansrélies @niopes cenfigyraionon t hat may be
deternmined in response to the do

X clont i DetaciionTiresholseetdsyrbel STNBIE)
Coll BZOREL] Pty AT

at)i on) TX angeaiheve théXaBtenhaeghal 8X antenna
(Istep 216), tB&h the |UE 1080deternines that it |is -2
again in syncBi®ni zatj on witlh the [wirel e8s -3
cdmuni ¢cati on10et wor k| 100 (Rtep 218). Th8 UE 108 may -3
10 100 -2 -3 -3
15 100 -2 -3 -3
20 100 -2 -3 -3

Table 2: 1S 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
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.
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1.

then enable its transmtter, resune transmtting CQ,
di sabl e a connection release tiner, and/or take other

waetwomistn allow it to comungcate effectivel yPed/EP2opdresssss

wi rel ess communi cati on network 100. The UE 108
continues to nonitor the downlink channel quality

(step 208) to detect if iéLR]ﬂn’%.n goes QoS (step 210).
Tabl e 1 bel ow presents a Set of exenplary QoS
thresholds and filter lengths as a function of

démethod otedterntinind wymithhorazedion vha diset Equipmatigpifain a wireless
configuration. Table 1: QS Thresholds and Filter

commueitgtidrsndtabtke c@Mprdimyy presents a set of exenplary IS

2.

thresholds and filter lengths as a function of
ddelerminingcetidwriiak dell ttatsngission banusvidth {BW)ant enna
configuration. Table 2: IS Thresholds and Filter

L eettjndn sn Thik opBwmbninizatior (QoD)rthreshold bbsedom the, dowalink BW;
carried out in other ways than those specifically set
f oranHotirey ailernshib bd oetricds gawniinkgecdmromiestoe whaamel quality;
characteristics of the invention. The present
enbodanrgnths chame quidity mehisitdéree@o$ thrashold;espect s as
illustrative and not restrictive, and all changes

c drtvenchaninehdgualitylmeetrie sriatgy thedO &) threstolh dgterminge tbat thét&JE is
appended clains are intended to be enbraced

t her ei nuGfAynBranizationstitidte obtwabet.er m ni ng

synchroni zation of a User Equipnment (UE) in a wreless
conmuni cati on network, conprising: determning a
downlink cell transm ssion bandwidth (BW; setting an
Qlhe ofetByhaftotaimi 1zaérein ni@uisYing bt leg$taing nieisedf dowrtihie
downl i nk BW nonitoring at | east one netric of

commioigatioméhano eimuaiityaompriseshavenading thel viatug; of donpianinalnustity metric

channel quality netric to the QS threshold; and if

over g thaatidradatedmiogdhinirespamse ta theidownihloB¥M he oS t hr eshol d,

3.

determining that the UE is out of synchronization with
t he networ k.

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.

The method of claim 1 further comprising, after determining the UE is Oo0S:
monitoring at least one metric of downlink communication channel quality; and
if the channel quality metric exceeds an In Synchronization (1S) threshold,

determining that the UE is in synchronization with the network.

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

The method of claim 4 wherein the IS threshold is different than the OoS threshold.
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2. The nmethod of claim1 wherein nonitoring at | east

one netric of downlink conmunication channel quality
w@eopnides averagi ng the val ug of the channel PCEEP1099/055835

nmetric over a duration determned in response to the

d i nk 3. .The netho f claim1 further

7. OB et S R S b Rresio e M B8 o thpespola
W rel ess comuni cation network transmtter, and
wherein setting an QoS threshold based on the downlink

BW conpr i setting a t hreshol d based.on the
5. bR OB & Wate FIneR SRS e RER 1T Gabdlftedn ine
down|'4' E;I'\Ne nmet hod of claim1 further conprising, after
H% Vi ni ng the UE is OoS: nonitoring at | east one
metric of downlink conmunication channel quality; and
if the channel quality nmetric exceeds an In

o EMPBRRL Gl shibehdhe Ty Bidrnld ™ BBl ! Afhlebo me

thod of claim4 wherein the IS threshol.d.is the me .
downtfik 58 Gnflan Sttt dh drdSwlaassiof ichtiof pb{ifost Bffomiter.
the 1S threshold is different than the oS
threshold.7. The nethod of claim6 wherein the IS

threshal d.is | than. the S threshold... 8 The
0. Bk Tofiniient fi7D iyt e RSt bRTBERGRURH ntiB, e UE
m determined in response to the downlink BW 9. The
COMPIRY%i0d of claim8 wherein the IS threshold is
deternined in response to the downlink BWand an

afit6FNAE conf i guration at a wirel ess conmuni cati on
' .10, A Us [ E
I A T 0 L

conprising..a receiver: a cantrall operative to

contr oﬁe{éﬁgmle&%e:ﬁsl@p’smigﬁgng)apg\H@#h @r ative to

det er m.ne cells transni.ssi ndwi dt h a.Set )
ot of SRS RBRT Rt TE s Sy S o
downl i rr%nﬁg\rjat 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.

11. The method 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.

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.
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nonitor at |east one netric of downlink conmunication
channel quality; conpare the channel quality nmetric to

WO b9oDo41 hr eshol d; and i f thﬁ) channel qual it yPEEEP1009/055835
is below the QS threshold, determne that the UE is

3. pdbr2lF SRS raioR e eRe I £ QoS esglratinjg furter
.0 nonitor at |east one netric of downlink
Operah\é ini cation channel quality by averaging the val ue

f h I i i . ad .
Sl BT B BBl Ko B G e B Bt ange
o e i Bl B e b ah® 2y it T grenge. gotermine
i rel ni.cat | k ' : d
wher oi M TR B edeofaiBinnghSBBES n 1 e downl i ni
BW conpri ses setting an QoS threshol d based on the
downlink BWand the transnitter antenna

14 Gafe kR et N s iRt s G 8 o bfspon

operative to: nonitor at |east one nmetric of downlink
conmuni cati on channel quality; and if the channel

15, e LR oG R 155, B nl o PRt Bbh 3k SrShrestglc
with the network. 14. The UE of claim 13 wherein the
IS threshold is the same as the S threshold. 15. The

UE, of cl.aim erei,n th S threshold is,different
16, R U N PP BERG LR SR e IS Pssof B PRsmgnse o
thedtvpn(ﬁ %go\wol | er deternmines the IS threshold in response
et downlink BW 17. The UE of claim 16 wherein the
controller determines the IS threshold in response to
t he downlink BWand an antenna configuration at a

17. WTFlglleSc‘?f C acl) nv'vr?e%iln?rr]]e Qc?r;tyéﬂérkdettérﬁﬁ]r?erg t% % threshold in response to

the downlink BW and an antenna configuration at a wireless communication network

transmitter.



