WD 2011/ 050539PCT/ CN2009/ 074735 HENB BLI ND DETECTI ON FOR HI ERARCHY
CONFI GURATION 5 Field of the invention The present invention relates to an
appar at uswoaonmishssd, a system and a conputer program progiaN2odomr4tski nd
detection for synchronization by a Honme eNodeB. 10 Background of the
invention The present application relates to the long termevolution (LTE)
or long termevolution advanced (LTE-A) system of the 15 3rd generation
partnership project (3GPP). In 3GPP radi o access network working group
(RAN4), over-the-air synchronization for LTE tinme division duplex (TDD)
Honme eNodeBs is in discussion. For Hone eNodeBs (HeNB) not conprising a

gl obal poHENBNBIGNDs DETECPION cEOR/ JIIERBRGRY - CONBI GURAREOYNi zat i on
usi ng network |istening schene is an essential synchronization techni que.
To keep its timng or frequency stable, a Home eNB need to nonitor the

downlgi nkp{ DLy Mavefor meirangther eNB or HeNB periodically, and adjusts its
own transmt tinme and/or frequency 25 reference according to that received
wavef orm where the common reference signal (CRS) is widely considered to

be used LNg. . : £ wor i.st.eni rﬁfﬁ.q;dtofinda
30 sui ta@l%e é%%%éﬁg g?ﬁ%ﬁggﬁﬂ %%l%\?gf lotroma e.%%aéé%%ogfjedlu'ﬁot er e’NB7 HeNB. To
avoi d i nggstenpnarndfl aomongiugklzoyirddelSB, rirveludeNBSo b tindedett ¢ot symchr oni ze

should nmute and trace in, WD 2011/ 050539PCT/ CN2009/ 074735 sane sl ot. HeNBs
synchr onf9¥ ngyeebrRl gt eR BY e alleBe cBPLHE HeNB of sane stratum

10

Background of the invention

The present application relates to the long term evolution
(LTE) or long term evolution advanced (LTE-A) system of the
15 3™ generation partnership project (3GPP). In 3GPP radio
access network working group (RAN4) , over-the-ailr
synchronization for LTE time division duplex {TDD) Home
eNodeBs is in discussion. For Home eNodeBs {HeNB)} not
comprising a global positioning system (GPS) receiver,
20 over-the-air synchronization using network listening scheme
is an essential synchronization technigue. To keep its
timing or frequency stable, a Home eNB need to monitorx the
downlink (DL} waveform of another eNB or HeNB periodically,
and adjusts 1ts own transmit time and/or frequency
25 reference according to that received waveform, where the
common reference signal (CRS) is widely considered to be

used for tracing.

Based on network listening, the HeNB needs to find a
30 suitable slot to trace the DL waveform, e.g. CRS of another
eNB/HeNB. To avoid interference from neighbour HeNB, the

HeNBs which need to synchronize should mute and trace in



Additionally, some operators may need to support a multi- 5 hop or

mul ti-stratum synchroni zation solution. This is illustrated in Fig. 1. Fig.
1 shows awoebiodsts30eNB) 1, and two HeNB 2, 3. Accordi ngprte/dNo®/exsspl e,
HeNB 2 may derive its 10 tine/frequency synchronization from HeNB 1, which
in turn derives its time fromeNB 0, which may derive its tine from an

crter al FECTEDge YRS B9k MAITLon, BB AL LIS, eSS

HeNB 2 hasistgRalidRB20fMekeRe1BtgeRaRmal ly, if a HeNB tracks anot her (H)eNB of
stratumn, the stratumof the former HeNB is n+l. To support

synchroni zati on by network listening over-the- air, HeNB firstly need to

select a ack hzati 0 LY8N yqﬁﬁg i i urce, it
needs toAgéggaégghé?’i%gngygﬁﬁr5ﬂ%g§{ﬁ%ﬁ?s?%§§u%?an éynéﬁ?%nﬁgé??on
stat Us. Mhp synchmohizastontwt atsiarmyorbe adidtdrer ssymdhooni zE84iwi t hs GNSS or

spont aneo synchrgni.zed,.wi t hi n _an i sol at ed net K er SS_I,s
received}Ezgséfgﬁ?ghﬁg i ior mdt io® " t égﬁﬂﬁhigh§%$%d%e 5%¥gpt§?b%8§de on
its own sypAchenni zatBon activities such as being nute on which slots. 30 At

| east three problens arise for such synchronization: The first one is how a
HeNB can know its surrounding (H) eNB s stratum of synchronization, in order

to decidg_i . 2Q11/0 9P 09/ 5 swn atym{.evel ;b
Iisteningckéag%xﬁgvg%}syﬁgﬁgong}%ﬁygg’ehggéﬁgang kg%%;sync ronizét?on with
t he ynchinsyZatgapnsgursgechibom iseddo ofweom sHEBW flo iwifigrhm imetstnat um
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an external reference such as a global navigation satellite
system (GNSS), e.g. GPS. In this example, eNB 0 has stratum
0, HeNB 1 has stratum 1 and HeNB 2 has stratum 2. More
15 generally, 1f a HeNB tracks another (H)eNB of stratum n,

the stratum of the former HeNB is n+l.

To support synchronization by network listening over—the-
air, HeNB firstly need to select a synchronization source.

20 TFor a given synchronization source, it needs to be aware of
its synchronization stratum and synchronization status. The
synchronization status may be either synchronized with GNSS
or spontaneous synchronized within an isolated network
where no GNSS is received.

25

From this information, the HeNB should be able to decide on

its own synchronization activities such as being mute on

which slots.
30 At least three problems arise for such synchronization:

The first one is how a HeNB can know its surrounding

(H)eNB’s stratum of synchronization, in order to decide its



It is proposed in liaison R4-093465 of the 3GPP technical specification
group (TSG RAN working group 4, neeting #52b (Aug24-28, 2009) a solution
usi ng nulwormdimsosspoadcast 10 single frequency network EBENWosguabissane to
do network listening. This solution needs to have the stratum i nfornmation
and synchroni zati on status broadcasted in subfranes, then the HeNB can
determne its _own stratu 15 To .inple t the, MBSFN subfrane_ assi gnnment
sol uti on®"8 §t§ALPIng R qﬂuﬂ%ﬁﬁ%ﬂiﬁéEﬁéﬂ?%lbﬁY? vayn8ﬁ5°§§ﬁ%ﬁ+8ﬁization
stat us ofnsAeBNQdRB haspt a:hersRacifdtebn wifscaHd ngyhehtbeipaopesed
solution two new indicators need 20 to be added in signalling, e.g. System
| nf or mat FORT BEoadbesSarPnESIB)e of S MaeY o LENSIER rah d- Mot epde BLe Y bi t

i ndi cate he roni .i.on (The e [.S. SY i a_ GNSS or
o) 2 BPYls PRACCAPE RS LR attat B et oo e Y PRt PR GRS Ba
assurees thattibe ababérbef bstkebudscehpatibbeitynvied Hacdo taéldbcro
eNodeB is level 0; the Hone eNodeB can be 1, 2, or 3. The peri od
paranmeter for nmuting was fixed in the proposal 30 to 32 radio frames (RF),
correspondi NG t-c3LLEE. iy i Ae¥sSl B4i-obourat icgn ieat¢pp techhitatal
especially for MacroeNodeB.In currentspecifications,allSIB  information is
used for spseifégacpaengrewr) (F8GYI RAN VASkéRE BFCOBBi Ag WESEJREd"POP the

eNodeBs/ HR(IEglodeBs, ohe PLOROSRE SH Utiamnophd hrgalat Nbsohukesel SIB

i nf or mat usage! ererore, tter to avoid such new S
i nf argrat keAgekenerduatty ngeicwotre BIBSEPECisfibdatanen 8GR T8880881). In

particular, if such information el enents becone mandat.ory requirenent for
equi prentdSEEDABE | MG MRHE ENbdeBESES wgpl gg“ﬁ%net%%bdgggékF t here

i s anot hep reehtieR t haly canyd@iralilz4iam eNogeRss | neicatieadfed heiin
synchroni zation status and stratumlevel to others inplicitly that does not
need anyssbginameisngtbesatibastieNg, ceReActREPENPsIRE ABBISFORtEBRtra
signalling and signalling specification effort. 15 Furthernore, it is quite
possi bl e that scenario of higher stratum be exist, which should be nore

fl exi$l yTsuppapl edenSuntres y MESNhesiihdeaneonassignment solution, a

signaling that indicates the stratum level and

synchronization status of an eNodeB has to be specified.

According to the proposed solution two new indicators need
20 to be added in signalling, e.g. System Information
Broadcasting (SIB) of Macro eNodeB and Home eNodeB:
- 1 bit indicates the synchronization status (The eNB
is synchronized by a GNSS or not);
- 2 bits indicate the stratum level (0, 1, 2, 3): the
25 proposal assumes that the number of stratums should
be limited to 4: the Macro eNodeB is level 0; the

Home eNodeB can ke 1, 2, or 3.

The period parameter for muting was fixed in the proposal

30 to 32 radio frames (RF), corresponding to 320 ms.

Any new SIB information creation is critical especially for

Macro eNodeB. In current specifications, all SIB



20 It is an object of the present invention to inprove the prior art.
According to a first aspect of the invention, there is provided an

appar at uswoanmrissssng deci di ng nmeans configured 25 to deecdaNab@icierssor not
a predefined condition is nmet; receiving neans configured to receive a
first signal at predefined places; inhibiting means configured to inhibit

sendi ng a_second. signal af 2 pluralit of the red fi place if the
deC|d|ng nggﬁ%ag%%?des St hat® ?hegﬁrede Thed %ﬁlg ?tlgggi éin%‘nitoring

nmeans cofhsges@dot Ob8DNGt @esighediheodeghdi @mo@@aﬁsﬂdleﬁl dl@édéB@t The
predefined condition is nmet, for at |east two of the predefined places
whet her BFO]%@@% pPLYEiengianlos bread \F@&Satrqlr?e Cpl?e%iﬁ% refoprakE’n WO

2011/ 050539PCT. QA4 735 defiigni pgy. &oq§hg§{e@ugg dgki;negpgfirst
ase o u t o

mut e place nt ermnltorlng res t ermnltorlng nmeans and a
pr edéef i nedfouketioheeéinenhe Bdddngmime fhleacylB sspael bicatyompr €8P ned

places aps Wi ACconl 0,40 Ll roniord,0g, & 0805, 3. roioalgnel 1o

recei ved; “whereimn ‘t’he I’ n fefans i s conflgure I'nhi séndi ng t he
second SbgﬁﬁmeatathﬁaﬁdasbryUtEe@hﬁﬁement for equlpments,lt will

impact Macro eNodeBs as well as Home eNodeBs. If there is
another solution that can let all Home eNodeBs indicate
10 their synchronization status and stratum level to others
implicitly that does not need any signalling broadcasting,
then there is no need for extra signalling and signalling

specification effort.

15 Furthermore, it is quite possible that scenario of higher

stratum be exist, which should be more flexibly supported.
Summary of the invention

20 It is an object of the present invention to improve the

prior art.

According to a first aspect of the invention, there is
provided an apparatus comprising deciding means configured
25 to decide whether or not a predefined condition is met;
receiving means configured to receive a first signal at
predefined places; inhibiting means configured to inhibit
sending a second signal at a plurality of the predefined
places, if the deciding means decides that the predefined
30 condition is met; monitoring means configured to monitor,
if the deciding means decides that the predefined condition
is met, for at least two of the predefined places whether

or not a first signal is received at the predefined places;



Modi fications of the apparatus of the first aspect are as 10foll ows: The
apparatus nmay conprise controlling neans configured to control a timng
based on wbeofiiseisosi gnal conprising a first synchroni zaCiran2eisgnadss 15 The
second signal may conprise a second synchroni zation signal corresponding to
the first synchroni zation signal. The defining neans may be further

confi gur tQ.define 2 can te pl depending..on the first nute

pl ace anggFﬁgl% ed@??%%d%Pﬁﬁé%u% gref% f%%ﬁgg%gﬁd %ﬂ&g:nggg igi%%% of the
pr edef i nedsplacas tief ehdnio fihegmridimIft rcst A8 endl Bicer i dnédnes | ahdbi ting
means may be further configured to inhibit sending the second signal at the
second niit rFP&édneds IiHE AP s WS FuFtheMUEENPLRSE pone?™®ePect i ng

means copfloyred-E9ndat rgeei ) ihhechi j AQd th
et i ng TEanE ey Ber rtRer Sont U bt ro el Re T ert i Tor Ror &Sl ace

basedif onmearsy egeifiath thowegna BOiFTheeappaeat usheme ifurtier iobipi T seg
interference _detecti nmeans, configured_to dete ap_| r e_]evel of
the 111 SBoglgnar . Cana P RECHotrat b Hbanseab FBethentrethdat Faf st

2011/ 050688PET+ENR0E0B4436. deci de that the predefined condition is net,
if the interference level is larger than a predefined threshold. The
predefined condition may conprise at | east one of a

Modifications of the apparatus of the first aspect are as

10 follows:

The apparatus may comprise controlling means configured to
control a timing based on the first signal comprising a
first synchronization signal.

15
The second signal may comprise a second synchronization

signal corresponding to the first synchronization signal.

The defining means may be further configured to define a
20 second mute place depending on the first mute place and the
predefined rule, wherein the second mute place is one of
the predefined places different from the first mute place,
and the inhibiting means may be further configured to

inhibit sending the second signal at the second mute place.

25
The apparatus may further comprise power detecting means
configured to detect a received power of the first signal,
and the defining means may be further configured to define
the first mute place based on the received power.

30

The apparatus may further comprise interference detecting
means configured to detect an interference level of the

first signal, and the deciding means may be configured to



5 booting of the apparatus, a receipt of a predefined conmand by the
apparatus, a deterioration of the first signal at the first nute place nore
than a prwodebimsdssbevel , and | apse of a predefined ti nepafTi@roddes4sondi ti on
has been net before. 10 The apparatus may further conprise sendi ng neans
configured to send the second signal at a sending place out of the
predefin l.ace erein the . sending place depends on the firsi, nute

bl ace andorLud bt tReonpeRaFel” BBAREER° SR Webraing < orfhe
predefi nedteuvkerantéer sevhietarthirgatr tesel acporeg@sponddnghteshdedpl ace of
the received first signal may be determ ned, a second hierarchical |eve
may be defined as the next |evel below the first hierarchical level and 20
associ at edet Q11N FARRAY %Hﬁdi@ﬂgnt%f'é&ﬁpﬂﬁ@ RkacedBy BRedejsergi ned
fromthe second hierarchical level. The hi‘erarchical level may correspond
to a trhearing syntheonabrarabns, TAerpeeteti aédappacdsiaydconprase
predefingd tines stati r..a S t at.i : nprise an
apparatugya%ﬁgfﬁﬂﬁgugggf e %ipggegggg%Fgoﬂcégfdﬁgé ?gr§%sg%%% as%%ct of

t he i nvepheorfier emus eprmvaced ma reet tigah canpprsdafidedi dievglywheshér or not
a predefined condition is net; receivin first signal_at at WO

2011/ 05053BPETPENROBSFE0FE8C | EASE BhECHI %%88}?%&30& BR8SOSPRNTBF¢ | ng
sendi ng g.gg¢@nd signal at a plurality of the predefined places if the
predefine% condition is nmet; nmonitoring, if the predefined condition is
met , 10 or at |least two of the predefined places 5 whether or not the first
signal is. received at the predefined place; _definin i | ace
based onﬁPﬁeaﬁgﬁF?BPFnﬁayegﬁFgggﬁdcgm Féﬁ%ff%ﬁ l?%|%?§ﬁ%e§§§ﬁ %ge irst
mute pl ags isereneclod theopuedeafdrmgd pt aaeseatdihy chlacéi pstt signahei s

recei ved; and inhibiting sendingithe secon

predefined places, wherein the senging place depends on the

first mute place and is different from the first mute place.
15

According to the predefined rule a first hierarchical level

corresponding to the place of the received first signal may

be determined, a second hierarchical level may be defined

as the next level below the first hierarchical level and

20 associated to the apparatus, and the first mute place may

be determined from the second hierarchical level.

The hierarchical level may correspond to a stratum of

synchronization.
25
*he predefined places may comprise predefined times.
A base station means or a base station may comprise an
apparatus according to the first aspect.
30

According to a second aspect of the invention there is
provided a method comprising deciding whether or not a

predefined condition is met; receiving a first signal at at



10 signal at the first nute place. Mdifications of the nethod according to
the second aspect are as follows: 15 The nethod may further conprise
cont rol | iwg 20a11vdsns3mg based on the first signal conprisi RGTAN20098074735
synchroni zati on signal . The second signal may conprise a second
synchroni zation 20 signal corresponding to the first synchronization

signal. The t hod further conprise defining a second nute pl ace
dependi n e%ﬁgfﬂaef?fggrﬁ‘g? 1pPdcR ﬁasfhé?]b’r%ﬂ*ég‘il%eﬁe?}%‘? dnRFePRt he
second nyignphace i & opeuphlipe 2t p%%@ef%f‘ééeﬂﬁégs diddey ente feea the
first nute place, and inhibiting sending the second signal at the second

mut e pl apeedefimpd gendodimay ibumeher mooviprasiaidetidct g prededived power
30 of th i i an ef [ nj h i st t e S t he
received88%§é§£O§ngaﬁ%Fhogoga%Lf%ggﬁ%rg%%néfi%%gdéfgégfﬁ% gngf% %?ference
| evel5 of whbehérr sbrsigotl , thad fdeestdi ngighal the predeiveadéd sondthéon is

met, if the . interference level is larger than a predefined threshold. 5 The
br edef | nBHCEBAUNERORAGS cORPILPLBIat HOdSt JHE oI LE Fodtd TRy oft ¢ Hes

appar at ulﬁonﬁtéﬁﬁ'?pke@ﬁl@ Bhedef igleticrammnd e t NenaRpad af s, farst
deterioration of the first signal at the first nute place nore than a

predef i n@dteepépceahd 20e| apsthef Prcpeiieedneliapeacet afhbfhtdeltERHi tion
has been,ighapef pLe. Jhe: frk NodAmRY {iikel e MREheaen8endhag Lhgorgeond
ﬁf o] ef1 red p , erein

si gnal at sending ace out hé pre ace
10 signal at the first mute place.

Modifications of the method according to the second aspect

are as follows:

15 The method may further comprise controlling a timing based
on the first signal comprising a first synchronization

signal.

The second signal may comprise a second synchronization

20 signal corresponding to the first synchronization signal.

The method may further comprise defining a second mute
place depending on the first mute place and the predefined
rule, wherein the second mute place 1s one of the
25 predefined places different from the first mute place, and
inhibiting sending the second signal at the second mute

place.

The method may further comprise detecting a received power
30 of the first signal, and defining the first mute place

based on the received power.



15 the sendi ng pl ace depends on the first nute place and is different from
the first nmute place. According to the predefined rule a first hierarchical
| evel corwepomndissg to the place of the received first ecgrao0ey4B8 be
determ ned, a second hierarchical |evel nmay be defined as the next |evel
bel ow the first hierarchical |evel and associated to the apparatus, and the

first | be deternined f th d hi hical level. 25
The hi or BLENTELRPot) ray* LT oCHBRBLED 4CCEantin ot syRERt bAF2aton. The

predef i nedypl agestABY FEOBPT ESgnRI edehlin@dci 8RS - tB: Thee B EQL! MY be a
met hod of blind detection for hierarchy configuration. According to a

third aspeedibionhési Agént ildn thehamk arsf gnandaded el abpala¥Usr cohphi si ng

deci der gogg%gg£§g &otggggggl&hether or not a predefined condition is mnet;
receiver con |gure% to receive a first signal at predefined 5 pl aces;

inhilmtor configured to inhibit sending a second signal at a plurality of

the predefined p)Jaces,, if the decider decides that the predefin condition
is net: HoRi BFE dﬁ@§§o?°%%h??ﬂ%r&ﬁ%(F?Wﬁﬁ%%ﬁ,a%f]t e8?8efﬁgé%ides

that thepppedgli BEdtﬁQanfabé.Qchfs}, ngt re&@ipat ok easprdfe t MR Of cohRapaedef i ned
pl aces whether or not a first signal is received at the predefined places;
defi ner bBnfthguranPa@leedi ne setierdpratieonplalcetbaséd sl tHdnhi #bri ng

result o he-.noni t r r defi in t first
nmut e pIagggi?hgﬁg!oﬁEFEe%gﬁgggfpﬁgg gﬁ%%gs%atgﬁﬁ?%ﬁ%ﬁ?%mggﬁgﬁdingﬁ?o t he
noniltor papsessdr ,a aptedsfisednallaice retedwedheweeneiin ithe hathi beeor is
configured to inhibit sending the second signal at the first mute pl ace.
Modi fi caP£bn8e5PTEhe apparatus of the third aspect are as 20fol | ows: The
apparatus may conprise controller configured to control a timng based on
the first signal conmprising a first synchronization signal. 25 The second
si gnal nEkecoephose m s cEoRehey nEARBAL g8t S6RNGn AN FTEPONEE2 Lo t he

first SYQEhraO“%&?&ir?& signal outhe, detiger, J g furg et £onfhgreed to
define a“secon
15 the sending place depends on the first mute place and is

different from the first mute place.

According to the predefined rule a first hierarchical level
corresponding to the place of the received first signal may
20 be determined, a second hierarchical level may be defined
as the next level below the first hierarchical level and
associated to the apparatus, and the first mute place may

be determined from the second hierarchical level.

25 The hierarchical level may correspond to a stratum of

synchronization.
The predefined places may comprise predefined times.

30 The method may be a method of blind detection for hierarchy

configuration.



30 nute place depending on the first nute place and the predefined rule,
wherein the second nute place is one of the predefined places different
from t he wonsiieugse place, WO 2011/ 050539PCT/ CN2009/ 07 #¢3cNanad /75

i nhibitor may be further configured to inhibit sending the second signal at
the second nute place. The apparatus may further conprise power detector 5

configured to.detect a_received power of.t first signal, _.and the definer
may be f%??%%?l%%n%’logu?e%ﬁ}l&"aﬁe?? %C{['heo%i Eg? rrzﬂ%veenpti%cne’ bgggéeonl? he

recei vetppoveded Theh app=atatsmaycipitiBehgcodapeideri ntenfegenee des ector 10
configured to detect an interference level of the first signal, and the
deci der #RGIBR CUMITRRE eP® 0 'heci e PREESERBSPr cBEPAREYORONEFL iTBH-i s net,

if the ipé@é{@%fne&lhe ed Std %@@éwéfﬁa& PiPé@d%érg?g 5@”%&2‘%9%%%‘5 e

predefined condition y conprise at [east one oot i

appakat uslaees ecenptibétoa predefdurestl coomdmd i t heeagppag atusseeond
deterioration of the first .signal .at_.the first.nute place nore than a
predef i n%:tlgrll%l‘/ela,t and I:116\‘833‘3‘«5\1J‘o%" aogretéje%i Héad#ﬁ%@%f txglra?%se’ c%%di t.}ll%n has
been netd@Oidef ordscildes appriat uhemy rbdefhaedcoaphiseisandes amdi gured to
send the second signal at a sending glace out ,of the regefined, | aces,
wher ei n TP ERHIIPFPSHSSOE depBhESUERIt HE 2@0¥1P-F§Frm}t£ ph&ced $%

differented{@pathrafi taL PYLBePLACA- condition is met, for at least
10 two of the predefined places whether or not a first signal

is received at the predefined places; definer configured to

define a first mute place based on the monitoring result of

the monitor processor and a predefined rule, wherein the

first mute place is one of the predefined places at which,

15 according to the monitor processor, a first signal is
received; wherein the inhibitor 1s configured to inhibit

sending the second signal at the first mute place.

Modifications of the apparatus of the third aspect are as

20 follows:

The apparatus may comprise controller configured to control
a timing based on the first signal comprising a first
synchronization signal.

25
The second signal may comprise a second synchronization

signal corresponding to the first synchronization signal.

The definer may be further configured to define a second
30 mute place depending on the first mute place and the
predefined rule, wherein the second mute place is one of

the predefined places different from the first mute place,



According to the predefined rule a first hierarchical |evel corresponding
to the place of the received first signal may be determ ned, a second

hi er ar chiwal20l1@sedzonay be defined 30 as the next |evel Ipelr@moi®74i36st

hi erarchi cal | evel and associated to the apparatus, and the first nute

pl ace may be determined fromthe second hierarchical level. WO

2011/ 050539PCT/ CN2009/ Q074735 The . hierarchical |evel nma orrespond to a
stratum %?gs%b%rﬁﬁ?‘iéﬁzé?ﬁ. B ﬁreed@flfﬁgarpl%ocré%l%e%o%ﬁri%%Qb thef i ned
times. 5sénbasg shat 508008 8iHAsE st athOnNs€oBhd ohhes PRycE€ONPri se an

apparatus according to the third aspect. According to a fourth aspect of
the invention, there is 10 provided a conputer program product enbodi ed on

a conput gpare A {TRAI UM CONBLESLEY ProGEAM NSt pgki-onsgubichoper form
when run on a conputer, the“execution of which result in operations of the
met hdd acoofidgngetiotbhdesectnd aspedtvesf pched mienthenfindst Accoralng to a

fifth aspect of the_invention, there is_provided a syste Qnprisjng a
first apgggat c%'f‘lﬁ%%lf ed% %eenguﬁtbleﬁnacro;néi raecgegigng}eaf%ﬁlga ﬁés

accordi ngitetthetéi pshcaspestdobnt beei hyeaiven, padierei n the receiving means
20 is configured to receive the first signal sent by the first apparatus as

the first signal. In the systemof the fifth aspect, the first apparatus

nay The apparatus may further comprise interference detector

10 configured to detect an interference level of the first
signal, and the decider may be configured to decide that
the predefined condition is met, if the interference level

is larger than a predefined threshold.

15 The predefined condition may comprise at least one of a
booting of the apparatus, a receipt of a predefined command
by the apparatus, a deterioration of the first signal at
the first mute place more than a predefined level, and
lapse of a predefined time after the condition has been met

20 before.

The apparatus may further comprise sender configured to
send the second signal at a sending place out of the
predefined places, wherein the sending place depends on the

25 first mute place and is different from the first mute place.

According to the predefined rule a first hierarchical level
corresponding to the place of the received first signal may
be determined, a second hierarchical level may be defined
30 as the next level below the first hierarchical level and
associated to the apparatus, and the first mute place may

be determined from the second hierarchical level.

10



be synchroni zed by a gl obal navigation satellite system or 25 the first
apparatus nmay be an apparatus according to the first aspect conprising a
sendi ng nweans1wsmEmgured to send the second signal at apsemN20@/piBse out
of the predefined places, wherein the sending place depends on the first
mute place and is different fromthe first nute place, wherein 30 the

signal c ri.ses_the second synchroni zation_ signpal, According to a.sixth
2spect of PPndTfeRenTr SRt Hs e o MToveasacatefer et Conshrauhy aoF i ot
appar at usyaentogizediodD 2011/ 050539PCT/ CN2009/ 074735 to send a signal; and
a second apparatus according to the third aspect of the invention, wherein
the receiver is configured to receive the first signal sent by the first

aPparatU§hé5?EQ§eEEﬁéH 8igpak- m@y! BokhPeisysheanetihbe einth, aspect, the
first apparatus may be synchronized by a gl obal navigation satellite

systém or the first apparatus nay be an apparatus according to the third
aspect c risin . sender _c iLg . 0 C igpnal_at a
sendi ng %Fggaeoﬁgag%ophggp?egg%%ngéggﬁégeésggﬁégg?% ?%g ggﬁ%?%ggp%gce
depends apphbetfisr atcovtiénpl acethadthsrdi &6peent fromthe first mute place,
wherein the signal conprises the second synchronization signal. 151t is to
be understood that any of the above nodifications can be applied

i ndi vi dugllLy Q8 nbN PRI NRRLAM tOshber r espegid venasneshs, t andichishey
refer, unless they are explicitly stated as excluding alternatives. 20
Fur ter gebaitisd feabmpeserobrecrsm anddudiapmnhgesedr enappaPBAYTEEOM t he

| nvent | ORCARPERC: STEALBB {akBNPEh=Cas) UREPPSA wi LR Che. GopRdcd B am nge.
wher ei n gBrEbgm, 1 vehawsrannemws k caapartdimg tiee anxerhodonemt ovhihb
e Ol ohod 15 oo ATAPRA ANE ASGRS 1ed La iy °FBOPLEROL 8R! e
aspect of the invention.
15
According to a fifth aspect of the invention, there is
provided a system, comprising a first apparatus configured
to send a signal; and a second apparatus according to the
first aspect of the invention, wherein the receiving means
20 is configured to receive the first signal sent by the first

apparatus as the first signal.

Tn the system of the fifth aspect, the first apparatus may
be synchronized by a global navigation satellite system, or
25 the first apparatus may be an apparatus according to the
first aspect comprising a sending means configured to send
the second signal at a sending place out of the predefined
places, wherein the sending place depends on the first mute
place and is different from the first mute place, wherein

30 the signal comprises the second synchronization signal.

According to a sixth aspect of the invention, there is

provided a system, comprising a first apparatus configured

11



Fig. 3 shows a timng diagram of radio franes and subfranes of an eNB and
several HeNBs with different strata according to an enbodi ment of the

i nvent i onyo 2biignsosB9shows anot her tim ng di agram of radi ecirare®/ends
subfranes of an eNB and several HeNBs with different strata according to an
enbodi nent of the invention; and 5 Fi g 5 shows a rret hod according to an
enbodlnegt of t.he invention escrlgtlon .ai n .enb dlnents 10

Her ei n bef o} gelat ac’lrg%oo? ?SSSFOP aBPS 8t r‘_f‘\?é:r?t ()lr]?c‘IarJ('eO d%s%rl bed in

detail wthbrdefaimenae be tige ademrPanynng drhevengs,chwhetrecaibe features of
t he enbodi nents can be freely conbined with each ot her_ unless ot herW| se
descri be@ni5oppaRyEL, 1CqiTq othe &tpPésSIiPIde? St bolYt HA® t

descr!ptééﬁ Pgtggréglahgnngégﬁgi n4d 8. 0iven for by way of exanple only, and
that it | %y no way I ntended e understood as limting the invention to

the & sclosed details. 20 I\/breover |t |s to be understood that the
apparatus_is, configured_t perforn1t rr 0 t gh in
some cas@% gmﬁysyﬁgegpﬁgr %th s Sor onI y e mgtt gf‘dlare %P%t% Ig%yl n the
enbodi MERE Ss PHEBLBH EleBEb PV §1EBA UL hONiYh t Tort sheablitdesfotéow ag

advant ages over the prior art is described: 30- The Hone eNodeBs i ndicate
their SyﬁbﬁréﬁﬁﬁéhﬁﬁP%ﬁ%ﬁQ% may be an apparatus according to the

third aspect comprising a sender configured to send the
10 second signal at a sending place out of the predefined
places, wherein the sending place depends on the first mute
place and is different from the first mute place, wherein

the signal comprises the second synchronization signal.

15 It is to be understood that any of the above modifications
can be applied individually or in combination to the
respective aspects to which they refer, unless they are

explicitly stated as excluding alternatives.

20 Further details, features, objects, and advantages are
apparent from the following detailed description of the
preferred embodiments of the present invention which is to

be taken in conjunction with the appended drawings, wherein

25 Fig. 1 shows a network according to an embodiment of the

invention:;

Fig. 2 shows an apparatus according to an embodiment of the

invention.

30

Fig. 3 shows a timing diagram of radio frames and subframes
of an eNB and several HeNBs with different strata according

to an embodiment of the invention;

12



and stratumlevel to others inplicitly and do not need any extra signalling
broadcasting. Thus, there is no requirenent for signalling. Furthernore,
backwar d worzpadsbssbi ty for Macro eNB i s ensured. - H ghecrainedvomizevel s
than 3 are supported. The period 5 paraneter for nuting, which was fixed
in Qualcomms and CMCC s proposal to 32 RF (320ns), is flexible. Thus,
enbodi nents of the present invention are nore flexible and may fit to nore
networ k scenarios than the conventional solution. 10 Thus, the invention
aims at migol utighowii Bhythersalivgiddedi ohtomi RE tvodfwestaaes: and 1. How

to decide a HeNB's own stratum |l evel by blind detecti a | onest
synchr onF P2t FyPe St 9t dm SR ghifd mﬁé&&@ dneED. d%’gﬂ%i} ftsata |y

mformt&&&g&ﬂgmé e&ﬁ'exﬁﬁ@dﬁ&é}?@r&ﬁ'%'%é{@i&? and Main features of
certain enbodi ments of the invention are 20 as fol lows: 1. For each stratum

ther@ is a mapping to a radio frame (RF) / subframe (SF), which is its

mut i ng ace (also d i I i.ng sl h
strat um%a %I Ssn %t énrglfl‘trkl1 :éfjsé%?]fcﬁ%ng}%b %fs %ﬁlg%?ie %rrﬂ(%lblO odi nent s,
t he nUtlfﬁwéﬁﬁ&o@f each stratum shoul d be designed for easy bllnd
detection: the design may snooth the blind detection, such as by orderly

arrangi ng nuting places for stratumone by one, 30certain seperate place

for ONSHsyncluoniZati oo {ype Orispol 2 cdsyufichimpiiZzat i ontype.

i0
Herein below, certain embodiments of the present invention
are described in detail with reference to the accompanying
drawings, wherein the features of the embodiments can be
freely combined with each other unless otherwise described.

15 However, 1t 1s to be expressly understood that the
description of certain embodiments is given for by way of

example only, and that it is by no way intended to be

understood as limiting the invention to the disclosed
details.

20
Moreover, it is to be understood that the apparatus is
configured to perform the corresponding method, although in
some cases only the apparatus or only the method are
described.

25

Tn the embodiments presented below, a solution with at
least the following advantages over the prior art 1is

described:
30 — The Home eNodeBs indicate their synchronization status

and stratum level to others implicitly and do not need

any extra signalling broadcasting. Thus, there is no

13



WO 2011/ 050539PCT/ CN2009/ 074735 2. Al HeNB of enbodi nents of the invention
know t he mappi ng of each stratumand its nmuting place. a. The mapping (e.g.
a mappi ngvoablapossay be provided by an operati on and naiPoTaN20®®7§GEN)
5conmand i nform ng the HeNB about the mapping table. b. The mappi ng table
may al so be pre-configured on HeNBs, and be | oaded upon booting of the

HeNB. 103. Th stemifra number._shqul.d be ali.gned between the NB, so
that the nuti%%&%}%?men£ e o RUMAST 319 o

n~the mappi g rul€9underst eo“[S%Paﬁei'He ‘f%‘ﬁ'ﬂé ane. 4.
The HeNB wi | | cotapbt ipdl they ecdbt oma©foi 188 sis adngurd0r 15 this, it wll
recogni ze the strata of its surroundi ng base stations based on the mapping
tabl e, deci de, based on sone strategy, its synchronization source and,

t hus, decide jts, own mut i ng lace. 20 In the {,ol | owi ng, sone

tratum and
detal s of celtIR cRbbar HEnt S HhT cHOSXpt af e { RIPRBRET pr I ARi BT 6674 r o
gi vers. 1) Mappangméadt e fofr stutairagandhirohi ngagpl AteedS ik r@iabfomhis an
exanpl e of a design of a mapping table of str nd its ti | aces
according to §%‘§re%glr%:o§i n@ﬁg}goﬁgjy 5 a%é)f & oaégén% | elﬁot%?’égq%d%i ng ot her
possibilitiesphus, embodiments of the present invention are more
flexible and may fit to more network scenarios than

the conventicnal solution.

10
Thus, the invention aims at a solution mainly to solve the
following two questions:
1. How to decide a HeNB’s own stratum level by blind
detecting a lowest synchronization stratum neighbour eNodeB?
15 and

2. Bow to implicitly inform the stratum level and

synchronization status?

Main features of certain embodiments of the invention are
20 as follows:
1. For each stratum there is a mapping to a radio frame
(RF) / subframe (SF), which is its muting place (also
named muting time or muting slot). I.e., for each

stratum, a HeNB will mute in its muting slot.

25
In preferable embodiments, the muting slot of each
stratum should be designed for easy blind detection:
the design may smooth the blind detection, such as by
orderly arranging muting places for stratum one by one,
30 certain seperate place for GNSS-synchronization type

or isolated synchronization type.

14



30 The mapping may be a list of pairs as foll ows which needs to be known by
all HeNBs: WD 2011/ 050539PCT/ CN2009/ 074735 (Stratum N, RF4 A, SF# B [,

Muti ng Reweavimgosderi od M Synchroni zation type K, Contpowao0iring RF
Nunber of X in same period, Continuous Miuting SF Nunber of Y in sane RF]) 5
Where: refers to the defined stratumof HeNBs. A refers to Radio frames

whi ch nunber he yal ue of. repeating periad _of nutin equal . to A
refers to gubﬁgn& of © heerg?oe%/]lr% i/ def i néd I%anaﬁeéltf(?nfrgﬁgw MP%fers to
the repeati ngnpeping of ®akh ngeraddh dhe s tmofiRpdboads anes. A defaul t

value may be 32 RFs. refers to the synchroni zation type, either
synchroni zed w &h TNSS BRPRYRAGhr 6B ded Pn FRPPIGTat é@mﬁ)mﬂéyA%f ault 15

may be GNSS synch;ﬁ@&&f&edﬂb eéﬁnbtp%xe%%%ni;@&L\%iﬁeﬁ%ﬁw

different rules onm arranging-the muting places. or all the strata

(i nclsudi ng al |t hecsynmatd onirz@dimmimd y i) , Ba&NBut hgupl atke ofmapringt r at um

i's unique. For di fferfnt synchroni zati on types, the stratum nunber N coul d

20 be the sane, whi #1¢ he muting place should be different. X refers to the

continuous mutipg Rie NHEBBANYN tSVTR: piy 0d1E6! bewigig:RichA gutefaut my be
zero. Y refers to the continuous Miti ng SF Nunber jn th% same RF_#A | asting
fol l owing B, defaulleNBay Badzdr®. 198ded upon booting ol the HeNB.

10 3. The system frame number should be aligned between the
HeNB, so that the muting slot in the mapping rule

understood by all HeNBs is the same,

4. The HeNB will do blind detection of its stratum. For

15 this, it will recognize the strata of its surrounding
base stations based on the mapping table, decide,

based on some strategy, its synchronization source and,

thus, decide its own stratum and muting place.

20 In the following, some details of certain embodiments which

explain the upper principles are given.
1) Mapping table of strata and muting place

25 First of all, an example of a design of a mapping table of
stratum and its muting places according to some embodiments

may be as follows (while not precluding other

possibilities):

30 The mapping may be a list of pairs as follows which needs

to be known by all HeNBs:

15



The paraneters in [] nmay be optional. |In some enbodi ments, the paraneters
may be configured by operators or with operator participation, in others,
they may we 2prigdessbned, e.g. by a standard. 30 It is preter@rb@/a7irsshe

i sol ated synchroni zation case (i.e. no synchronisation by GNSS) is
separated fromthe GNSS synchroni zed case by a different stratum E. g.

the isol égg SYRC oni i gn start f r n rrespondi ng
mut i ng p?ace?_ ugﬁ théﬁﬁegxiﬁgy%fgisglgggglé ngﬁpgh%%g i%ﬁﬁﬁé%goﬁk W th
GN\SS synshnonikezrdzaeiwor kyps KacCobntatedusfMatbngdRE Wodeebi sfiXisént ed

between them The nmuting,place shoul d ref t ly to th d SF
defi ned ﬁ%W%,PBE%OarsSOQgégP?PEaMP§EH%f?ﬁeﬁﬁ%ﬁgﬁdg tgdlﬁe§ﬁﬁ?iﬁkfgtening

solution: o Either adopt MBSFN for muting, then the muting 10 place should
specifically refer to the latter part without the first two synbols contro
chanrel . Whe©r:adopt special subframe of |onger guard period (GP) for nute,

t hen theNny%kggipkgcghghagkgne&Sfﬁgggpéi§§Ih¥Né§fer to the GP where no

transm ssi 0 ) “and reception oreseen for the HeNB. As an
exanpl e, At re femppitieg Readi def parhabdl ehashf olinbws: mRadinof f@me vahder oSubf r anme

nunber ) ]
repeating period of muting) equal to A.
B refers to subframe#B of the previously defined Radio
10 frame.
M refers to the repeating period of muting, with the unit
of Radio Frames. A default value may be 32 RF's.
K refers to the synchronization type, either synchronized
with GNSS or synchronized in an isolated network. A default
15 may be GNSS synchronized. Different synchronization types
may have different rules on arranging the muting places.
And for all the strata (including all the synchronization
types), a muting place of each stratum is unique. Fox
different synchronization types, the stratum number N could
20 be the same, while the muting place should be different.
X refers to the continuous muting RF number in same period
following RF# A, default may be zero.

Y refers to the continuous Muting SF Number in the same RF

#A lasting following B, default may be zero.

25

¢ The parameters in [] may be optional.

e In some embodiments, the parameters may be configured
by operators or with operator participation, in others,
they may be predefined, e.g. by a standard.

30 e It is preferable if the isolated synchronization case

(i.e. no synchronisation by GNSS) 1is separated from

the GNSS synchronized case by a different stratum,.

16



Stratum | evel
Subframe nunber indicate a muting place of the stratum|evel of the sane

12122232342 41I1nthe table, Radio frane nunber

and

| i ne. Di fwenremntosossi gns of the mapping table may be sui ralbleab@vordizsf er ent
scenarios. WD 2011/ 050539PCT/ CN2009/ 074735
E.g., the isolated synchronization may start from
stratum 11 and correspending muting place. Thus, the
merging of isclated synchronization network with GNSS
synchronized network 1s facilitated if a bridge node
5 is inserted between them.
¢ The muting place should refer not only to the RF and
SF defined here, but also specifically define the
adopted network listening solution:
o Either adopt MBSFN for muting, then the muting
10 place should specifically refer to the latter
part without the first two symbols control
channel.
o Or adopt special subframe of longer guard period
(GP) for mute, then the muting place should
15 specifically refer to the GP where no
transmission (Tx) and reception (Rx}) 1is foreseen
for the HeNB.
As an example, the mapping may be a table as follows:
Radio frame | Subframe Stratum level
number number
1 2 1
2 2 2
3 2 3
4 2 4
20
In the table, Radio frame number and Subframe number
indicate a muting place of the stratum level of the same
line. Different designs of the mapping table may be
suitable for different scenarios.
25

17



The mapping table may be conveyed by an O%M command. E.g., an O&M center
may send the corresponding command to all Honme eNodeBs, but need not to
send it twoaoMasos9eNodeB. 5 Fig. 3 shows a tim ng di agrema2000adissfranes
and subfranmes of an eNB and several HeNBs with different stratum according
to an enbodi nent of the invention where the mapping tabl e defined above is

i npl emrented. 10 Nor ubfra . nor ma ransm ssi on and

DL eent . gL R ATLAES, (e portel b anstisgion and
grey, angdnsuhim anBateWNel=6y t@@n@ovch%sm@ré@pm kcehgaBat i gule to
listen to the direct ug per stratum are shown in black. 15 In addition,

subf r ane§oBee c¥RORASI nPHEr RegRePOtwher 8€PRelboFPedpYAarAageied®Br k el enent
is nute to avoid interference to upper stratumlistening of an upper HeNB.
This second nmuting is preferable but not mandatory for enbodi nents of 20
the ifveRtigon3 Shnee theimdppi dgagabmeOifsradhveﬁedmea ahtl beNBsamehey wil |

understan strata.and nu | aces hown. on ro ppi ng
tabl e: 28*t h&"HeRB of Xt at%%‘?el "?(/\el %ﬁse ["ilai ?5e?|£amsamcnu Ha nod
val ue Isaéca@alﬁgbfﬁ@mnnuaiasbdmeai tF MRt Oinwtréhet;adm,acfmierfmctﬁeeNodeB'
downl i nk waveformto keep synchronization, the HeNBs of stratum 2
wi |l nut @apping] tﬁblﬁoﬁﬁtféﬁe@hébsaeaaﬁaé@ﬁﬂ-e@?%?ﬁm HeNBs, while [1, 2]
will also be nute to avoid interference to nei ghbour stratum 1l HeNB since
stratuml HeNB will listen to macro level at that tinme;, WO

20117 050839RET/ CNAGRY 047 35(1 tde HeNBb ofnosmedt unt Bandmissier [ 8nd2] to

avoi d | nESEFRtEnBe MY UbpaFost i Tootea By rt Bl indeaBtegcTAT 10
are shown in 1light grey, and subframes, where the
corresponding network element is mute to listen to the
direct upper stratum, are shown in black.

15
In addition, subframes are shown in dark grey, where the
corresponding network element is mute to avoid interference
to upper stratum listening of an upper HeNB. This second
muting is preferable but not mandatory for embodiments of

20 the invention.

Since the mapping table is conveyed to all HeNBs, they will
understand strata and muting places as shown on Figure 3
from the mapping table:

25 e the HeNB of stratum 1 will mute [1, 2] (Radio frame
number mod value is 1 and Subframe number is 2) to
monitor the adjacent macro eNodeB’s downlink waveform
to keep synchronization;

e the HeNBs of stratum 2 will mute {2, 2] to monitor the

30 adjacent stratuml HeNBs, while [1, 2] will alsoc be
mute to avoid interference to neighbour stratum 1 HeNB
since stratum 1 HeNB will 1listen to macro level at

that time;

18



and the HeNBs of level 4 will nmute [4, 2] to nonitor 5the adjacent |evel 3
HeNBs" while [3,2] should be also nute to avoid interference to upper
stratum WO mwososbrata are present, by the sane token, pCleNTMYMgr3Pl ace
could be known. 10 As previously nentioned, the mapping can be
pre-configured on HeNB at inplenentation or can be conveyed by O%M nessage.
I f conveyed by O&M nessage, it should be provided before the blind

det ecti on a@ndtbgnBRNBAI Q%t pornalfionk3 Wheh BUFENB3152) sthovbnagotpthehe HeNB

will setup a Lo h th r ha t i a t hus O&M
i nformation c%gﬁgggékf gté&éeld. %Cginé\%%gtsgygﬁl\ﬂ%léo %E%giﬁgegﬁ I %ng%i lity to
make update fontthéseamapdi ngtewhfiekenthi soupdaeée shoatdmeoccur in very | ow

frequency (nmonths or years) 20 to limt network inpact. 2) Blind Detection
In sone entfodPREnitde tHed'Beeng M}?Ve%xécﬁﬂélan’é‘ﬁ@c{@if 24 p%%c’@@ng‘Prbl i nd

detead i on andipansillfaddif NBOPLNY3t R0 JeqRgNEZa 3t he SiHAtRY Obei ts
surroundi ng base stations, and basing sone strategy to decide its
synchroni zat i ehssonnte. tPhaypidt inksofdeendestpt yppan stratum and nuting

pl ace. The method is shown in Fig. 5. It may be repeated for each 30
synchroni zaét i 8f &RA%. STHRF20 BHO5RE33PETY C%Z'OO@?%?&‘?@S toker, “the

muting place could be known.

10 As previously mentioned, the mapping can be pre-configured

on HeNB at implementation or can be conveyed by O&M message.

If conveyed by O&M message, it should be provided before
the blind detection and synchronization work. When a HeNB
15 is booting up, the HeNB will setup a connection with the
network wvia the 81 interface, and thus O&M information
could be fetched. Conveying by ©0&M also provides
flexibility to make update for these mapping, while this
update should occur in very low frequency (months or years)

20 to limit network impact.
2) Blind Detection

Tn some embodiments, the HeNB will execute a special
25 process of blind detection and consult the mapping table to

recognize the strata of its surrounding base stations, and

basing some strategy to decide its synchronization source.

Thus, it also decides its own stratum and muting place.

The method is shown in Fig. 5. It may be repeated for each

30 synchronization cycle.
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In step S10, it is considered whether a condition is net that triggers the
blind detection process. Such a condition could be e.g. booting of HeNB, or
recei pt ovoaomwmsdsbi ned O&M command, or el apse of a certarmcN2@7ei35er t he
last 5 blind detection process. In sonme enbodi nents, the HeNB should do the
blind detection on booting stage, when operation has not begun and user

equi pnent.s E not, attached.. 10 ring .network operation, it y
happen t Hit 52 oRel Hbout oo 18 AT br T ErET s, (R ey ettt he
synchrontgati epighars 8nd ARYnheadtketaoneprsyB8sBI 0phZRt & 0BoHQUE €6n

sel ection. 15 By renoving a nei ghbour node or by a failure of this
nei ghboufCHble Pea sHENB bRAE Insbsel | HeNBy nekr dictatitor? s otir eBSAFhigefls

detectedyify NG, rop}zahy @eSictQIﬂacla I3 868l Vethat Jtthe rmiting; pbace for a

certain tine, I ch'may be 20 another condition to start a blind detection
procéess. blindndehertnodepirscadded or the failing neighbour node is
recovered, it may cause nore interference in the receipt of the
synchroni zati on signal of the synchronization source, 25 if the new node

coul d happesohe ehibblenchbe, synehHeNBzahbahdchai nhef bl hrdedeséeniohieNB.
Also in this case, if an interference |evel exceeding a certajn threshold
is detecP@dﬁNFHQJHbNBtéﬁeopé¥§¥1oﬂp%ﬁ@t}%@tpéﬁi2é7§hge§PBcé§§ioFsﬁFind

detectiogqhgg&gh gckggéiEEFSXBQhEQEEEEE&9n source 30 and its own stratum

and then re-synchroni z no such trigger condition is fulfilled
(coridition met - no in step S10), normal operation is perforned, wherein no

During network operation, it may happen that a neighbour
node is added or removed, which may 1impact the
synchronization chain and may lead to a new synchronization
source selection.
15

By removing a neighbour node or by a failure of this
neighbour node, a HeNB may loose its synchronization source.
This is detected if no synchronization signal is received
at the muting place for a certain time, which may be

20 another condition to start a blind detection process.

Tf another node is added or the failing neighbour node is
recovered, it may cause more interference in the receipt of
the synchronization signal of the synchronization source,
25 if the new node could happen to shorten the synchronization
chain of the existent HeNB. Also in this case, if an
interference level exceeding a certain threshold is
detected, the HeNB on operation may initialize the process
of blind detection to re-decide its synchronization source

30 and its own stratum and then re-synchronize.

If no such trigger condition is fulfilled (condition met =

no in step S10), normal operation is performed, wherein no

20



synchroni zation signal is sent at the nute tinme of the HeNB (step S60). If
the condition is fulfilled (condition net = yes in step 5 S10), in the

f ol | owi ngwbl2onighsesbect i on process, the HeNB accordi ng t ecarcNandadisent of
the invention may performthe follow ng steps: 1. Do cell search for al
surrounded BSs. The HeNB nay 10 select to nonitor only several BSs based

e.g. on the ecelveg ower, &n | ar %r % a certain threshold. Then HeNB
will monPt8F §PPl§8 égPeElgéé ganiﬁg AtaFPenftRgtplgces &PeafifM8irat a

i sted onsthe w@ppi.ng table. For this, referring to Fig. 5 the HeNB w ||
mute at all nuting 15 places of the mapping table (S20), receive a signal
at the muting places (S30), and nonitor whether or not the received signal

is a synghrepizzati ign ; ( e t he
moni tor | B8 Pt R dn I @ Sl e o Fes SPRAEH P

i nf ordmat BaA) of Jtrhet]ser fedddwiggbaskirst atievast (&5) pandtesal,ectheé t HeNB
synchronlzatlg oyrce, an efin% gmn stra un1and corrgsFonghng mut i ng
pl ace (sfEF°S50J'Y 28 271°HERBNE) c8%p5 & %ng nPEoPPHgPRESBF s afd t he
mappi ng tabhewtiag despkty the stratum of a nei ghbouring base station. In
sonme enbodi nents, the HeNB may al so identify the synchronization type of

t he nonitored BSs if different 30 nuting place are defined to distinguish

GNSS synghr ag zed 01 dsalat edosynehy og 288uNadaBss Therhe! liuimangyan! e
bl edef i ne

refers to the exenplary mapping ta above. For one certain BS,
t he TOI | ew[tagtan’abysnmntayr berder f eenedalV\lBS@lleSQPC@ﬁ/ Ch2009h674735
a) If HeNB can read all .the d8@$llnk ubfrane CRS, of mut i ng

his, BS,i
pl ace of FSFPLYEFaPRYCL & et miiHy 7 epRRrFhY Eéf%%ﬁgfahggﬁFB check

(e.g. a ﬁ%@gsﬁafmﬂﬁéﬁ&@ar athatsdRNe D864 OEegnhase ist ad1PNmlis1i8HB (or
has stratumO); b) if the HeNB can not read the CRS of this BS only in the

muti ng pPaaeesf oft palustrata giskedcrs shet mREPBBIF bahdei nForothis, 2],
uhi e Reckaundnh {2 &ig.ang Wl ggﬁ@alw{pyn%u%%ubé@ heckmuttngan be

concl ude ed"BS i's of stratum 1
15 places of the mapping table (S20), receive a signal at the

muting places (S30), and monitor whether or not the
received signal is a synchronization signal of a monitored

BS (S40).

20 2. Based on the monitoring results of the last step, HeNB
will analyze the stratum information of the surrounding
base stations (BS) and select its synchronization source,
and define its own stratum and corresponding muting place
(step S50).

25
2.1 HeNB may compare the monitoring results and the mapping
table to i1dentify the stratum of a neighbouring base
station. In some embodiments, the HeNB may also identify
the synchronization type of the monitored BSs, if different

30 muting place are defined to distinguish GNS3 synchronized
or isolated synchronized NodeBs. The following example
refers to the exemplary mapping table defined above. For

one certain BS, the following analysis may be performed:
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c) If the HeNBs can not listen the CRSonly in [1, 2] and 15[2,2] , after
several periods' double check, the HeNB can confirmthat the nonitored BS

i s of strwouemiZisossd) by the sane token, if the HeNBs camcmaiN2bosgizenst he CRS
only in[2, 2] and [3,2] , after several periods' double 20check, the HeNB
can confirmthat the nonitored BS is of stratum3; e) by the same token,
other strata could be identified. 25 2.2. Basing the results of step 2,
HeNB wi |l know all the selected BSs' strata. Hence, HeNB nay select its

synchronizationgseRr een aBedt RUI de desud1Si Vs £ afkkn @est He shiat um of
the selected nonitored BS plus 1. Then based on the mapping table, HeNB

will kno#d tin mtl myuping e laeepoB0dbd) stagtaf ehkesyperesalzartdngsour ce

is eNB ( ; - P B define |t ¢+ SY hzation
stratum o e B SRRENRFR R 60 2. ST SYASTEEBLET

exend ar ytheappnagns abbeitbhed] Reatico $traimen subf edide] &frl,24sf etrautim. Al |

ot her [Raqc%i o frane, Subfrane] conbinations will be treated as nornal
subframe Y/or normal work, i.e. 5 not affected by the blind detection
method. b) If the synchronization source is of stratum 1, the HeNB deci des
its own stratum should be level 2. Thus this HeNB will nute on [1,2] and
[2,2] bad®d ¥h the Felppi PRP tadt eread ehe | §RE hef syhehr BRi 2ALYonalsélifce is of

stratum - i iqure its.o S t . Leyel hus, the
oD | %@5&%& 2%%&?3?’ 2%' b\r/\ﬁlow%%%ggplgﬁé% ¥E fpund"A
synchl oni Zat i Bh, sehite ICRSoffaindtim 32,the lHeNBwitdl sevérglreobns own
stratum as | evel 4. Thus, the HeNB wi&dggn%ggrghé3moﬂtand [és %L for

nuting b %ﬁ1?W%959p5¥na?n be conc Sdred

of stratum 1;

¢) If the HeNBs can not listen the CRS only in [1, 2] and
15 [2,2] , after several periods’ double check, the HeNB can

confirm that the monitored BS is of stratum 2;

d) by the same token, if the HeNBs can not listen the CRS
only in [2, 2] and [3,2] , after several periods’ double
20 check, the HeNB can confirm that the monitored BS is of

stratum 3;

e) by the same token, other strata could be identified.

25 2.2. Basing the results of step 2, HeNB will know all the
selected BSs’ strata. Hence, HeNB may select its
synchronization source, and thus decide its own stratum as
the stratum of the selected monitored BS plus 1. Then based
on the mapping table, HeNB will know its muting place (step

30 550).

a) If the synchronization source is eNB (or has stratum 0),

the HeNB can define its own synchronization stratum as
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20 e) By the sane token, based on the synchronization source stratum for
hi gher strata, HeNB could decide its own stratum as the synchroni zation
source stwetwmvgsbizs 1, and its correspondi ng nmuting pl aees/cN2bovlo74z8Ver al
potential synchronization sources with the same stratum provide simlar
receiving signal power, HeNB may randomly select one of them or may take

ot her aspects into_account far deci.sion. .30 3. After defining its own
ot g onedsl (T ERR e | PevE, Wi ST haT Cuer arcoRTAOW 1T hbe
transm t e@Bmoll & rifutiaR iRl {1960) the 4[RENi S0Rdhkb PN sabrkaaki gy, pecei pt of

a predefi ned command ie.gﬁ.t an O&M command), current synchroni zation source
sever el y f@&gratfity &té. ot HERBIHay frameyal SideEr deepgéngbigecer i ne a

ne“/SynCQHQEiéﬁiiQPeéﬁ&&Cﬁsvaﬂ¥%éﬂf%ébfi&ﬁes%gk-A%ﬁﬁgﬂ“ﬁgrk}h EeNB wi

keep tracing its synchronization source on its current nuting place.

Enbodd ments eff fekeepr bgetihei imléntli datrayiahsoeehsdre synchroni zation in an
i sol ated network. "lsolated network”™ 10 is called a scenario, where no G\SS
source/ macro eNB signals could be received. If there are several free

runni ng BeNBg hoegatsehdnrdiiiftseenadurddiats can seast@ach, ot her Heliben
synchroni zation is al so needed to ensure_ that the network works normally.
By sone Se€RéfESorltEarftith Strafen 1shphB Kl Leyelsed e cEieF akhs§nERNBNi zat i on

source i p.thi khdof1netwark apd,et hers Wil ! 8l L 9wkt ol f¥gh by | evel
Under th?%ﬁgoﬁ ?FigR,Iﬁf gggagsgnéé?tﬁat not alﬁ theﬁEbN%s %n this isol ated
netvibbk will be booted at the sane tinme. 20 If one HeNB boots up and cannot

find any in.all RFE/SF, then it may confidently decide that |i..LS the
first - F?Eiﬁtﬁﬁﬁ 8 chiﬂﬁi%é%%qﬂsfgaﬁﬁf %%5%% B r?%%mngbpgﬁﬁ gﬁ e, it
may det egAine doatigulre oWk Séwat yarhsukhesf ilestelsty atumof tsel atrg
synchroni zati on type and begin operation. Then, 25 another HeNB fol |l ow ng
the firstidhecrrfiBareynénr éni 288 6 -t Ké £PFsPUHERB-based on the blind
detection nechanism In case that at sonme time a new HeNB goes into
operation

15 d) If the synchronization source is of stratum 3, the HeNB

will configure its own stratum as level 4. Thus, the HeNB

will configure [3, 2] and [4, 2] for muting based on the

mapping.

20 e) By the same token, based on the synchronization source
stratum, for higher strata, HeNB could decide its own
stratum as the synchronization source stratum plus 1, and

its corresponding muting places.

25 If several potential synchronization sources with the same
stratum provide similar receiving signal power, HeNB may
randomly select one of them, or may take other aspects into

account for a decision.

30 3. After defining its own muting place, the HeNB will

return to normal operation and will not transmit on 1its

muting place (S60).
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which is |located at the edge of the isolated network and 30 reaches the
Macro eNB' s coverage or a GNSS synchroni zed network, then all HeNBs in this
i sol at ed wetzanwisosspe better to follow the GNSS synchr onipzatdinam9/ofise t he
"isolate" network may discard its previous isolated synchronization WD
2011/050539PCT/CN2009/074735 type stratum mappi ng, and do blind detection

to decid S str min SS .synchroni.zed ne di scussed above,
e PoNB HvioEt iy SOt e ots GPRTARds AGERGPE. Rty SISCEEF TTREE. SOTERPRONG s
boot ed byesguer en niog erc%lﬂﬁﬁnfd()r a clefiead ofsyhlcmi&onfylzla%qohhers@u%h,@uI d be
no severe interference for its nuti nghpl ace in a synchroni zed network,

occur r ené&VELeddw FREERLEREncBEEN/ i t ShPUtHHNP pitfce” meafy alvattea ABH HeNB
was boot ed Mhie CQWeMﬁr?esérﬁé#”Eﬁ%QcﬁPgﬁiQH%+og {99{:}@9 b egongh' ct with

the present stratum configuration ere I's sone hat e new
HeNB 9 s oftephe SGRSS s?hbhmmszed tly@e HeNB t hisl) ntkexfrer éneeiingst thor a
m ni mum 15 pﬁrlod nd Vi ct Eg s._in.isol ated énchronlzatlon type,

then it Ry NOCREE lotns S?t"lrrgtuﬁm SnﬁW&??ﬁng‘“gl&%s?, yfehroni zed HeNB

boot ed nearby. Additionally, the victimHeNB may use UE neasurenent report

to check whether a new cell is established to avoid false alarmof a Macro
20 UE i nE8Ppsiggeds | Pk hdhg cPiresheB a8¥6RedoPhafe¥hefeéSPs §NEERENB, t he

V'Ct'”‘H%yﬁg%ﬁéﬂé%a%goﬁh Hﬂdﬂui§§?§%@&OHeﬁQofﬁnChﬁgeiéﬁeﬂﬂh@t%%?kGNSS

synchr oni pen ng on the inplenentation, a reboot may be
per f b@ rredsprcaitled tshe skienad idet eghéon. 25 GNSShesbortedhi mpccheedl@se when

a nem/node t % é ﬁﬁor%en thg s¥n$hro#%zq§|on chain %%v%%%ﬁd t0 %he
net wor k i°s 95615 n&GH Bat BT Qetafr . e con5|der§?|on may appr for both
t he GNSS rsiyitG hico rH etk aIl@céth@diﬁm ahed nefsmemdo that can hear each
other, then synchronization is also needed to ensure that
the network works normally. By some scheme or randomly, one
15 HeNB will be selected as synchronization source in this

xind of network and others will follow it level by level.

Under this condition, it is assumed that not all the HeNBs
in this isolated network will be booted at the same time.
20 If one HeNB boots up and cannot find any CRS in all RF/SF,
then it may confidently decide that it is the first - free-
running - HeNB of this area. Based on the mapping table, it
may determine that its own stratum is the first stratum of
isolated synchronization type and begin operation. Then,
25 another HeNB following the first one may be synchronized to

the first HeNB based on the blind detection mechanism.

In case that at some time a new HeNB goes into operation
which is located at the edge of the isolated network and
30 reaches the Macro eNB’s coverage or a GNSS synchronized
network, then all HeNBs in this isolated network are better
to follow the GNSS synchronization. Then the “isoclate”

network may discard its previous isolated synchronization
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30 Dependi ng on the design of the mapping of stratum and muting place, the
node addi ng and al so renoval could be very snoothly with the tradeoff of
hi gh overweadiiaisosspeserved nuting place, as shown in Fi gcTAN2009®74735he HeNB
may transfer froma |larger stratum (or an isolated network) to a snaller
stratum 5 Fig. 4 corresponds to Fig. 3, except that the RF/ SF marked in

dark gray_are nat .only thase RF/ SF that. ar e for avoiding.,nterference
to upper%gpreatslnjcr}:]aﬁus i){nriagp,plbnl?c’ aa}récg CIE-’@:/ l]?(ﬁa?g%?%thﬁ?et?oaegggleaﬁl%é
ext ensi ot rh@ukheénr &seNpat isgh cof-oa ireti Agtpbage as di scussed above due to a

blind detection process nmay be effective until severe interference occurs
in the own nmuting place of a HeNB. Receiving interference in its own muting

place, thg r@%@bﬁg¥eaesﬁﬁy@eﬁ'Hﬂ%ﬂgﬁgﬂhi”g%gééﬁﬁ§ ofr | QeI SLEALYER. 1. €.

15 nmute at ese nuting places. it noni t or those nuting pl aces,
and do bhetdodét evay odebacthdsatmui i ngwpliEed8s weaby Hoptiegenty f gewkether
there is.a ne %ekléMf%Q a Io%gr st&a%gngthgnnghakhgfe't%ocg&r%ntno
synchronﬁ?&ti N $0GFce’ 26 PPt 8 ReNB Ags thée“Fowest “sfriatum of an

i sol at ed seet\ter K.ntdr famendet etir whet hedt ite pescsybshaosiynghironigedr ce i s
of the GNSS synchronized type. In this case, the HeNB may use the new cel
as synchP@ﬁW?é*hoﬁC§8EF@épeTﬁ§sPeﬁhén§§r§§ﬁéﬁF8nF?aﬁ?énmﬁﬁépﬂ Pda&For t ened.

Then, the HeNB dTRY el £a5elRReqass ¥ob tid Wi ) aces n&pbodi BeRbeuaf this
i nvention may be used for synchronization of HeNB i'n tinme division duplex

(TDD)0 30 copstienmsathon adbsing nifhr emurehnichcti wish ok hduppesxs€FDDptepstumrs and
ot her syste und%n the following condition. |If radio franes / subfranes
or ot her e % 6t dre used for the transm ssion of the synchronization
signal, the systemframe nunber (SFN) shoul d be aligned between each HeNB,
so that the nmuting slot_in the napgin rul e as ,
There is some likelihood that the new HeNB 1is of the GNSS
synchronized type. If this interference lasts for a minimum
15 ©period, and the victim HeNB is in isclated synchronization
type, then it may not keep its stratum and may assume a
GNSS synchronized HeNB booted nearby. Additionally, the
victim HeNB may use UE measurement report to check whether
a new cell is established to avoid false alarm of a Macro
20 UE interference. If the victim HeNB assumes that there is a
new NB, the victim HeNB may re-do the blind detection to
synchronize with the GNSS synchronized HeNB. Depending on
the implementation, a reboot may be performed prior to the

blind detection.

25
In the following, the case when a new node that may shorten
the synchronization c¢hain is added to the network is
outlined in greater detail. The consideration may apply for
both the GNSS synchronized and the isolated network.

30

Depending on the design of the mapping of stratum and
muting place, the node adding and also removal could be

very smoothly with the tradeoff of high overhead of
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5 understood by all HeNBs is the same. A TDD system of the gl obal system
for nobile comunication (GSM, universal nobile tel ecommunication system
(UMTS), Lwe,20em30439E- A i s SFN al i gned by depl oyment. |f pCieNQy@®toem3ss not
SFN al i gned by deploynent, e.g. an FDD system a backbone NTP (accuracy 10
on 1 ns) may align the System Franme Nunmber with sufficient accuracy (1 RF

| asts for_ 10 L Flg.. 2 shows an_apparatus _acgcordipg to _an odi nent of
t he inverﬁeljsoe@e,&l rnlleLgceJﬁ/ rp?%c%én%FeE%Ban,ma o t or %yer gp‘%S%l& i ner by

3, an inhidy twranyfed, faxdiee deirdat Btrantmd (ender ikplétebhectgeaiyer 1 is
configured to receive a synchronization signal at predefined RF/ SFs. 20 The
deci der Fdécised et &i@teWe of the predefined conditions is fulfilled
that trigger performng the blind detection. Such conditions could be e.qg.
booti ng, a special O&%M comrand, strong interference on the synchronisation
25 signalEicno syrwhrarnarats ome sighal 3at exkbephuthag theeRFASE mapkedof a

certain tinme.after _a previous, blind tection,.Lf the condition i

ful fill edL,n t(lilaer]?;m i tor azteno?l?t{'o?g&f{o?c%eoasc% lgg/%%etbﬁgdeﬂ%eﬂu%%/ §?—°r whet her
a synchr ericzatiinen 3Pt&tpenénes recaipmsk $heaRHhSH iy my)l yobe alswbset of
all RF/SE defined in the mapping tahle of stratumand nuting place, e.g. as
di scusse®iith Héfe f&c 8BS d@di 7§34 2Rk BELeTSL6M t he result of the
nonitoring by the nonitor 2, the definer 3 defines a new stratum of the

HeNB and fromthat, based on the mapping table, a new nuting tine.
10 The reservation of a muting place as discussed above due to

a blind detection process may be effective until severe
interference occurs 1in the own muting place of a HeNB.
Receiving interference in its own muting place, the HeNB
may reserve all the muting places of lower stratums, i.e.

15 mute at these muting places. Then, it may monitor those
muting places, and do blind detection on these muting
places only to identify whether there is a new cell with a
lower stratum than that of its current synchronization
source.

20
If the HeNRB has the lowest stratum of an isclated network,
it may detect whether the new synchronization source is of
the GNSS synchronized type. In this case, the HeNB may use
the new cell as synchronization source. Thus, the

25 synchronization chain is shortened. Then, the HeNB may

release unnecessary muting places.

Embodiments of this invention may be used for
synchronization of HeNB in time division duplex (TDD)
30 systems, but also in frequency division duplex (FDD)

systems and other systems under the following condition.
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5 During the performance of the blind detection, i.e., when the predefined
condition is fulfilled, the inhibitor 4 inhibits the sender 6 to send a

si gnal orwbhe11REISEF under nonitoring. If a new nuting tipoe/dNR0@a7¥3ed, the
sender 6 may send signals on all RF/SF but the nmuting place of the 10
apparatus, which sending is inhibited by the inhibitor 4. The sender 6 may
send a signal,.e.g.._a synchronization signal, whi.ch is identical to the

si gnal reIggirvaeddlcbyff%%e¥e2eis\};e%rtznfmb%ﬁce%]f f’gLthélﬂeac%lc(t?% the EF66di nent :
radi o 15 foramehand rsuldntia®@onere tte | §yBeRtonfBa¥eonendodisEnt snaf the
invention related to blind detection for synchronization are descri bed.

However , SYBEEPi Pi% BRRBRET erSdl) newiteuldnyei wildranmd obehesemeeagh

transm tyyegpl N phacg, of apgyn Lzati i.gn I er. odiment s,
ot her nodes than HeNBs nay%%eﬁgggﬁgng%ng.?ﬁ%sghﬁo e%géﬁégldnﬁgpogéered in
a hi €7 ar ehidegistwayl, whezkl t HeNBaf disnathieons4me beAt Tdis nd tdteen 2657 sheent from

the top oﬁ hﬁ hiergrchy to thg.ﬁfttonl I n. t he, enbod| ppnts above, the
stratum ErC8%Lt haY BRFT o5t PEPGMTt y PR BN S F 5 im 1) BPLVRESEtrat um

| evel onhpblilk itsalad@tuitton ks asest@t kedrby) ¢onmespaii ngristAat ym

| evel s) correspond to a hierarchy level. 30 In still further enbodi nments,

i nst ead 6fNa2do@RErnkYi AepteYReNkor kS, tBEhEYSEERKS SherkeEANt Ré1ABEEs may be

used. Howevek,1blmkes i MROLt ant, that t ai,n f y Lzation is
ensured | orgeryFo uﬁanbéguousFy t8§Fggﬁfi?yb%ﬁéghﬂgeNF?nggeEgghég
10 on 1 ms) may align the System Frame Number with sufficient

accuracy (1 RF lasts for 10ms).

Fig. 2 shows an apparatus according to an embodiment of the
invention. A receiver is denoted by 1, a monitor by 2, a

15 definer by 3, an inhibitor by 4, a decider by 5, and a
sender by 6.

The receiver 1 is configured to receive a synchronization
signal at predefined RF/SFs.
20
The decider 5 decides whether one of the predefined
conditions is fulfilled that trigger performing the blind
detection. Such conditions could be e.g. booting, a special
0&M command, strong interference on the synchronisation
25 signal, no synchronization signal at the muting time, and

lapse of a certain time after a previous blind detection.

If the condition is fulfilled, the monitor 2 monitors for
each of the predefined RF/SF, whether a synchronization
30 signal is received. The RF/SF may only be a subset of all
RF/SF defined in the mapping table of stratum and muting

place, e.g. as discussed with reference to adding a new BS.

27



In the enbodi nents descri bed above, the nuting places 5 correspond to
muting tines. |I.e., an information such as a synchronization signal is
transm t two 20n/sopoedef i ned time period (tine slot). |npsridN20dorratser
enbodi nents, an information may be 10 transmitted in other dinensions, e.g.
frequency slots or "code slots". In these cases, the nuting places

correspo to ting frequencies or ting cades. E.g., an enpodinent may
be basedr}d&?nhngu r%?&lgmog tﬁﬁnﬁo,mi &Y S§H8h?‘9ﬁﬂ§%ﬂﬁ gﬁ’sit ffal , may
be transmidiiek0m aidf aded i neded r egvgner dependi rRENEN ahlie froar amehi cal

| evel of the sender. The corresponding receiving side nutes at this

frequencP2SEY DY iy BiErrd Wettédtlicon 2 8¢ mMedding g ™§i-de nmutes on sever al
of the predefined frequencies and detects where to receive or not the
synchroni zation signal. Fromthat, it determ nes the hierarchical |evel of
t he séndilwyigiddethelepénésrinagcowrthitdrearichindl déesetion, t heenextwheavel

bel ow, a fromthis 25 its i ng freque - 1 S0ITe vant S. ,of
onbodi menfe oPPEHEEIPRdent o bHeY FE Tl BT BRI i nd
det ecti oniriges Hittneededéf agi goalddndgtoi skreel eshr aheMRAYSE under

30synchroni zation status, thus avoiding any iInpact to macro eNB. 2. The
net hod als¥ideT W uskd & nNEPDMMENBIs VSR o 288§ bred, 3thehéeReeRo® does

not 1 m bt e, Lyl 0. B 1 B HENES as ispCash adi S Lt fend eeLcBuBher. ecor di ng

to depl oy In practice. The values of the repeating period and sone nore
par abet erappeptatorsl [whigrhovdedet.rion itshd nidpditeg Stvatiihe ray ilpd tioredl.y
desi gned.

The sender 6 may send a signal, e.g. a synchronization

signal, which is identical to the signal received by the

receiver 1 except for the place (in the embodimenti: radio

15 frame and subframe) where it is sent.

Bbove, embodiments of the invention related to blind
detection for synchronization are described. However,
according to other embodiments, any information may be

20 transmitted in place of a synchronization signal.

In further embodiments, other nodes than HeNBs may be
implemented. These nodes should be ordered in a
hierarchical way, where the information to be transmitted

25 is sent from the top of the hierarchy to the bottom. In the
embodiments above, the stratum (i.e. the pair of stratum
type and stratum level) or the stratum level only (if
isolated networks are marked by corresponding stratum
levels) correspond to a hierarchy level.

30

In still further embodiments, instead of a downlink in 1ITE
networks, other 1inks between the nodes may be used.

However, it is important that a certain level of
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4. Wth an appropriate design of the mapping of stratum and muting pl ace,
enbodi nents of this invention may al so support isol ated synchronization
scenari o,wendiwsos3pr ovi de snooth transfer to small er st patroNedd74ss0r di ng
to the above description, it should thus be apparent that exenplary

enbodi mrents of the present invention provide, for exanple an evol ved Node

B, or a co nent, t hereof, an apparatuys enbodying the sape, a 15 nethod for
control | isn‘f’gp 285 at +Ag ?’T%P%%Fﬂe}nan‘ar@%‘%/rpﬁ’%eru%?%%%‘ﬁ?‘é?l)éoﬁﬂ ol ling
and/ or ope{atding, the sl asiwel | as nediuns carrying such conputer

progran(s) and form ng conputer program product(s). 20 For exanple,
descri bed above are apparatuses, nethods, system and conputer program

cri | : ses, et oot on b NodeB.
product s sapablee aby B A8t cBLLED 608 SYASPEONI 2Rl 1 i@ KO ANbde

In parti r, It 1's provided an apparatus, conprising I ng neans
conf i gur esbrtre geridd e avret thisrg ot imes . al pe edednnedfoonditiponsushmet; a

recei ving_neans confi.qured to receive a first signal at predefined places;
[ nhi bi t1 Y R RS | hhi bf 0 EBhEFRY Ao acBAGIBIGREN Ao

pl ural it yeafi ddhergamedefligred pl aces, if the deciding means 30 decides that
the predefined condition is net; nonitoring neans configured to nonitor, if
t he deci ding neans decides that the predefined condition is net, for at

least twoof e predefined placssimbsiber on nohrBribEsbnsi 9AY KR

10 transmitted in other dimensions, e.g. frequency slots or
"code slots™. In these cases, the muting places correspond

to muting frequencies or muting codes.

E.g., an embodiment may be based on an FDD system. A signal,
15 e.g. a synchronization signal, may be transmitted on a
predefined frequency depending on the hierarchical level of
the sender. The corresponding receiving side mutes at this

frequency.

20 During blind detection, the receiving side mutes on several
of the predefined frequencies and detects where to receilve
or not the synchronization signal. From that, it determines
the hierarchical level of the sending side, defines its own
hierarchical level as the next level below, and from this

25 its muting frequency.

Some advantages of embodiments of this invention are:
1. This implicit method of blind detection does not need
extra signalling to indicate stratum and
.30 synchronization status, thus avoiding any impact to
macro eNB.

2. The method also can be used in FDD HeNB

synchronization.
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recei ved at the predefined places; defining means configured to define a
first nmute place based on the nonitoring result of the nonitoring neans and
a predefiwedoruiseszowherein the first nute place i s one etridzo@redssi ned 5
pl aces at which, according to the nonitoring nmeans, a first signal is

recei ved; wherein the inhibiting means is configured to inhibit sending the

second signal at t fiyst mute place..-10 | nplenentations of ..any qf the
above descr?be ebF%Er§¥fé%ﬁg?éFﬂ£esPn%%é$é%2£éY%%h%?q%eénogeﬁgfho &

i nclude, as nemnl iarijlistg téxangved, numpleenartatidony as bapdwamentsaht war e,
firmvare, special purpose circuits or |ogic, general purpose hardware or
control | er or PFAR&ELCEONPRS N IHRA @k, tA% BrPedheneoRBrhati Rt KEFEof . |t

Is to be undergfeod,LPahe bRl [SHideSdiRed p2BRY RS YhaltHS RESPERL! Y
consi dered the pref%rredeenbodf%%nts oquhg presgnt invenf?onéﬁao ver
shoul @ be not édbtlisamayhée2@ r¢edar idgtsiignegf- the preferred enbodi nents is
gi ven by wa . EX I n d t .yariqus . nodi fication e_made
wi t hout dep%?ﬁﬁ%g %ﬁgngﬁééﬁ %%%%eogg%ﬁégiﬁgenq%ngégp%ﬁﬁi%gdggéagﬁg
appended cl ai mBd 2ot MWy 20126650 530RCEHMENAG096 07413 Wiatenisieh aimagd iS: 5
1. Apparatus, conprisin decidiggnneans,conti%ured t o deci de whet her

or not a pred ﬁﬁedsEBﬂ%FFicﬁ?Q%§Wﬁ9; Chropizaf{PHg FHEHE donf PRGred to

receive a firsghnsihdnalidat spiedef ikradspkaces, sQinki-bisti-agupeans configured
to |q?|b|t sending a
1

it

According to the above description, it should thus be
apparent that exemplary embodiments cf the present
invention provide, for example an evolved Node B, or a
component thereof, an apparatus embodying the same, a
15 method for controlling and/or operating the same, and
computer program(s) controlling and/or operating the same
as well as mediums carrying such computer program(s) and

forming computer program product(s).

20 For example, described above are apparatuses, methods,
system and computer program products capable of blind

detection for synchronization by a Home eNodeB.

In particular, it is provided an apparatus, comprising
25 deciding means configured to decide whether or not a
predefined condition is met; receiving means configured to
receive a first signal at predefined places; inhibiting
means configured to inhibit sending a second signal at a
plurality of the predefined places, if the deciding means
30 decides that the predefined condition is met; monitoring
means configured to monitor, 1f the deciding means decides
that the predefined condition is met, for at least two of

the predefined places whether or not a first signal is
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second signal at a plurality of the predefined places, if the deciding
nmeans deci des that the predefined condition is nmet; nonitoring neans

confi gur edoo1mmossbor, if the 15 deci di ng nmeans deci des pchaiN2ody@7prsedef i ned
condition is net, for at least two of the predefined places whether or not
a first signal is received at the predefined places; defi ni ng nmeans

configured ta define_a first nute place based on the npnitoring result of
t he noni tr(?rcler}aerg{sangtandt% a PErEgefiNneY rﬁﬁﬁ?eﬁhereql%oltWQir Mt e pl ace

i's one ofcdnfa guiredel kBeddprages at Mhisah, mageor giaget 0l fed NYH t @hieng
means, a first signal is received; . wherein the inhibiting nmeans is
conf i gur 8PTHG ARG e KEidigly thR BeRbharEignacane phd B psedediessl ace. 25
2. The appalat YsaeqQr dindg 49o¢! diupel l%%rtqgro%%”%&'%%%g.re c£ig@atrolling
means configured to control a timng based on the first ngngI conprising a
firstbsymdacesi zdat Wb ci, gralcor8ilngd t ol hdeappaidioud nac eoerdisng at diclsai m 2,
wherein the second signalconpris sasecondsgnchroFaéggionsi nal

cor r espoifdidiGt o the FFSVSnc iSRSt i oh'Si ghl ingheMEARSr atlds

accor di ngcn@ it €baifmnibit0 Benvhalei the secdre defhRingdreans is
further configured to define a second nute place depending on the first
nmut e pl add r&hd "HE Prlédéfi ned rul e, wherein the second nute place is one of
5 the predefined places different fromthe first nute place, and

10 Implementations of any of the above described blocks,
apparatuses, systems, techniques or methods include, as non
limiting examples, implementations as hardware, software,
firmware, special purpose circuits or logic, general
purpese hardware or controller or other computing devices,

15 or some combination thereof.

It is to be understood that what is described above is what
is presently considered the preferred embodiments of the
present invention. However, it should be noted that the
20 description of the preferred embodiments is given by way of
example only and that various modifications may be made
without departing from the scope of the invention as

defined by the appended claims.

25
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the inhibiting neans is further configured to inhibit sending the second
signal at the second nute place. 10 5. The apparatus according to any of
clainms 1 wo2d11/dsos3bher conpri si ng power detecting mearN2eo7igared to
detect a received power of the first signal, and wherein t he
defining means is further configured to define the 15 first nute place
based on the received power. 6. The apparatus according to any of clains 1
to 5, further conprising interference detecting neans configured to detect
an 20 interference level of the first signal, and wherein t he deci di ng
nmeans | sWE| &8 @lasmeti 8 that the predefined condition is met, if the
interference level is larger than a predefined threshold. 25 7. The
apparatus according to _any of .clains 1 to 6, wherein the predefined
conditiorc RB?F?EgSatCP8é§956H@ of a booting of the apparatus, a receipt
of a predefinagdceamngnehebyist heorafipprmddistc addet aei ahatther ofr thet f ar st
signal at the first nute place nore than a predefined |level, and 30 | apse
of a preB8&PPREANEANECRALELOPhESCBRAFti on has been net before. 8. The

appar at us aCC?ééE?Qihg LY & IBuded Ocds rbUkliRer £0APEESI Bdgnal
sendi ng neans contigured to send the second signal at a sending place out
of the pee&defrededipkdcedacelerein the 5 sending pl ace depends on the first

mut | ace and_|s, different _fromthe.firs e .. 9 2_appar at us
accg¥@ing to éﬂblBF%&Pgin?eTnFo §?n§ﬁgP£F§ ggéorgkﬁgggg tﬁgxgﬁggef?ned rul e
a first bBeebauchiiedal evel algiaeanespordi nhd piddeplree piathe, recei ved
first signal is determ ned, a second hierarchical |evel is defined as the
next | evéheberehding fepse Heeideshitbar FEeePrgA8Lansscranddtiont e
apparatu etqnd the first nute place is determ ned fromthe second

hi erarchical |evel

monitoring means configured to monitor, if the

15 deciding means decides that the predefined condition is met,
for at least two of the predefined places whether or not a
first signal is received at the predefined places;

defining means configured to define a first mute place
based on the monitoring result of the monitoring means and

20 a predefined rule, wherein the first mute place is one of
the predefined places at which, according to the monitoring
means, a first signal is received;

wherein the inhibiting means is configured to inhibit

sending the second signal at the first mute place.

25
2. The apparatus according to claim 1, further comprising
controlling means configured to control a timing based
on the first signal comprising a first synchronization
signal.
30

3. The apparatus according to claim 2, wherein the second
signal comprises a second synchronization signal

corresponding to the first synchronization signal.
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15 10. The apparatus according to claim9, wherein the

hi erar chi cal | evel correspondst oastrat unof synchroni zation. 20 11. The

appar at usweconrdossg to any of clains 1 to 10, wherein treTon20®@io7asd pl aces
conprise predefined times. 12. Base station neans conprising an apparatus
according to any of clains 1to 11. 25 13. Method, conprising deci di ng
whet her qr red I ned _conditioQn is rece|V|n a f|r nal at
At | east Tond st AERERET Hod SrIcREY 30 ARYbPE A S3BRdng o e lbRacgnal - at
a plurality ofnkheiguiedeld neshpd ages fifrthie pradefjued condubEoRel s Met;

WO 2011/ 050539PCT/ CN2Q09/ 074735 nmonitorin I f the predefined

condi t i oFECETFeMUtRoP1AC EePendig Pt épldd |ﬁ@&eppé@§§ ek K8f or not

the fitshr8i@iahdss 168 Vileabihnener efleldmednpl acei def i ngng bierst mite
pl ace based on the nmonitoring 5 result and a predefined rule, erein the
firstSnmuttdeplrasglefined places different from the first mute place,
and
the inhibiting means is further configured teo inhibit

sending the second signal at the second mute place.

10 5. The apparatus according to any of claims 1 to 4, further
comprising
power detecting means configured to detect a received
power of the first signal, and wherein
the defining means 1s further configured to define the

15 first mute place based on the received power,

6. The apparatus according to any of claims 1 to 5, further
comprising
interference detecting means configured to detect an
20 interference level of the first signal, and wherein
the deciding means 1is configured to decide that the
predefined condition is met, if the interference level is

larger than a predefined threshold.

25 7. The apparatus according to any of claims 1 to 6, wherein
the predefined condition comprises at least one of a
booting of the apparatus, a receipt of a predefined command
by the apparatus, a deterioration of the first signal at
the first mute place more than a predefined level, and

30 lapse of a predefined time after the condition has been met

before.
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Is one of the predefined places at which a first signal is received; and
I nhi biting sending the second signal at the first nmute place. 10 14. The
met hod acwordimgoise cl ai m 13, further conprising eQmtaN2bdgvogra ti m ng
based on the first signal conprising a first synchronization signal. 15 15.
The net hod according to claim 14, wherein the second signal conprises a

second synchranization siagnal _cqrresponding . to-.the first synchroni zation
S onal . 55, ie SHRENad e A0 R "o gt o4 Sadtes Tt 30127 FURTRSE 20
conpri si r@mppefiisningg a second mute place depending on the first nute place

and the predefined rule, wherein the second te%$lace s one of the

pr edef i ned pl 688188 FEAET FFUMIHES i T3 tSTRR et PF aB8CCRAdS28MARI Bitt i ng
sendi ng ghesspeond sigeal cat bire 3Regbdart e dd a6 aces, wherein the

5 sending place depends on the first mute place and is

different from the first mute place.

9. The apparatus according to any of claims 1 to 8, wherein
according to the predefined rule a first hierarchical level
10 corresponding to the place of the received first signal is
determined, a second hierarchical level 1s defined as the
next level Dbelow the first Thierarchical level and
assoclated to the apparatus, and the first mute place is

determined from the second hierarchical level.

15
10. The apparatus according to <c¢laim 9, wherein the
hierarchical level corresponds to a stratum of
synchronization.

20 11. The apparatus according to any of claims 1 to 10,

wherein the predefined places comprise predefined times.

12. Base station means comprising an apparatus according to

any of claims 1 to 11.

25
13. Method, comprising
deciding whether or not a predefined condition is met;
receiving a first signal at at least one of predefined
places;
30 inhibiting sending a second signal at a plurality of

the predefined places if the predefined condition is met;
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17. The method according to any of clainms 13 to 16, further conprising
30detecting a received power of the first signal, and defining the first
nmut e pl acwokasi@dosn t he recei ved power. WO 2011/ 050539PCT/(De2B3004B34735
18. The met hod according to any of clains 13 to 17, further conprising
detecting an interference level of the first signal, and 5deciding that the

predefined condition i t, if the i f level is. |
br cdef | nod {RPGERFAN” 18 ¥HE RECHBH: GetoranmyLt0rary BFCel SPRe?is (o 18,

MhefeinléQQtptﬁdeBEnegeCpﬂdHéEQHe@OEDébégswaétheasbr0ﬂ6ttha $0rbeoting of
the apparatus, a receipt of a Erede i ned conmand by the apparatus, a
det eri oP&8N8A &F tRecivedt akj §Ral PaedeRénedrBLafBfe pl ace nore than a

predefined | -and | f r fl | ft t 3 ttion has
been et bef o oi 488 20 BN ke e s oo e EPRFRRUAAST 15

furtther result and a predefined rule, wherein the first mute place 1
is one of the predefined places at which a first signal is
received; and

inhibiting sending the second signal at the first mute
place.

10
14. The method according to claim 13, further comprising

controlling a timing based on the first signal

comprising a first synchronization signal.

15 15. The method according to claim 14, wherein the second
signal comprises a second synchronization signal

corresponding to the first synchronization signal.

16. The method according to any of claims 13 to 15, further

20 comprising
defining a second mute place depending on the first
mute place and the predefined rule, wherein the second mute
place is one of the predefined places different from the

first mute place, and

25 inhibiting sending the second signal at the second

mute place.

17. The method according to any of claims 13 to 16, further
comprising
30 detecting a received power of the first signal, and
defining the first mute place based on the received

power.
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conpri sing sending the second signal at a sending place out of t he
predefined places, wherein the sending place depends on 20 the first mte
pl ace andwoodidsdspent fromthe first mute place. 21. TireTrehed7assor di ng
to any of clainms 13 to 20, wherein according to the predefined rule a first
hi erarchi cal |evel 25 corresponding to the place of the received first

si gnal E d% ernin%d nd _hier hi.cal 2vel 1Ls.defikne e next
| evel be§¢M/§ﬁem Frgp %Fégggéﬂpcgﬁ %égeP%aﬁéggégo%?angayb ?Hgﬁg%%aratus,
and t hecbinpbsti simge place is determ ned fromthe second hierarchical |evel

30 22. The nethod according to claim2l, wherein the_.
hi er ar chi cal Fe%&FEdREeSFontst YRR ¥R C¥Ghc Rioriat FHRST 8397%fe net hod

accordinggto any of clainms 13 to 22, wherein the predefined places conprise
predefined times. 5 24. Conputer program product enbodi ed on a

\(,:\ﬁmt er - r eadablidingdithmt ddeprizAdnf imasyreandHsiaucts oRstwhitEhtperform
ot hod ACESFEEa TS Syl 61 Anacero than g  PgeSaHel tRzeRRnT o D A

: ng to any “of “Cl ai ( ystem conprising a
first apparatus configured to send a signal; and a second apparat us

o Uiyt hedinodl Brgoraing to amy of TiblRs99°1Y 19, kR
the predefined condition comprises at least one of a
10 booting of the apparatus, a receipt of a predefined command
by the apparatus, a deterioration of the first signal at
the first mute place more than a predefined level, and
lapse of a predefined time after the condition has been met
before.
15
20. The method according to any of claims 13 to 189, further
comprising
sending the second signal at a sanding place out of
the predefined places, wherein the sending place depends on

20 the first mute place and is different from the first mute

place.

21 . The method according to any of claims 13 to 20, wherein
according to the predefined rule a first hierarchical level
25 corresponding to the place of the received first signal is
determined, a second hierarchical level is defined as the
next level below the first hierarchical 1level and
assoclated to the apparatus, and the first mute place is

determined from the second hierarchical level.

30
22. The method according .to claim 21, wherein the
hierarchical level corresponds to a stratum of
synchronization.
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15 first signal sent by the first apparatus as the first signal. 26. The
system according to claim25, wherein the first apparatus is synchronized
by a gl ob&b 20emisgssbi on satellite 20 system or wherei n Prhe/dN2o®t07&ppar at us
I s an apparatus according to claim8 dependent on claim 3, wherein the
signal conprises the second synchronization signal. 25

23. The method according to any of claims 13 to 22, wherein

the predefined places comprise predefined times.

5 24. Computer program product embodied on a computer-
readable medium, comprising program instructions which
perform, when run on a computer, the execution of which
result in operations of the method according to any of
claims 13 to 23.

10
25. System, comprising
a first apparatus configured to send a signal; and
a second apparatus according to any of claims 1 to 1i,
wherein the receiving means 1s configured to receive the
15 first signal sent by the first apparatus as the first

signal.

26. The system according to claim 25, wherein the £first
apparatus is synchronized by a global navigation satellite
20 system, or wherein the first apparatus is an apparatus
according to claim 8 dependent on claim 3, wherein the

signal comprises the second synchronization signal.

25
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