S| GNAL MEASUREMENTS BASED ON SYNC SI GNALS TECHNI CAL FI ELD This invention
relates to radi o communi cation systens and nore particularly to neasurenent
of recei we0 28iogn2d27par aneter estimation in such syst ens PCBABKGROSMNBY | N
forthcom ng evolutions of cellular radio conmunication system standards,

i mm dat 8. rat o SRNAG MRS UREMED s BRRED R SV RE SlRta08 ens. H ther
data rates typicall y requi re Iarger system channel bandw dt hs. For an | MI

advanced system (i.e., "fourth generation” (4G nobile conmunication
systen), bandwi dths of 100 megahrCHNIGAE)FIEBRE | arger are bei ng consi dered.

LTE and HSPA s RORTHbESR bSdoic i ARABEALL R oot ati on systers

and are current bei ng ndardrze n~Partnership

Pr oj ebt (o&@RRuarlyTtwnleﬁEu@pwtfdm@éeumsgaal baragstor astiraati@viol sidhon of the
current w deband code division nultiple access (WCDMA) specifications. An

| MT advaS¥&@Mmuni cati on system uses an internet protocol (IP) nultinedia
subsystem (1 M5) of an LTE, HSPA, %gpéd;pb ni cation systemfor |IM
mul tinmedi a tel ephony (I MI). The 3 promul gates the LTE, HSPA, WCDMA, and
| MI' speci fi catlin dorthcommdg syetitions aif icelhdat readio somnmimicléztm oisten dkamdbrdsf

{1 cquency BN AL TR FPLYOr dEEk 284 Hiofmnees kel AceSrRaPAdRt cal 1 ca
OFDMRY) | indlifurewatd r%lfe (Aﬁ?l—éur% 3%@5 ﬁ)gﬁb?'fﬂé??ﬂe&eb@)ug%%te‘ﬁﬁ’é“ H@f@r%a(éﬁs) An

LTE system has channel bandw rangi ng from about 1 MHz, and
suppor t s ra@sdypicaksraguiredargeo syef@a'bcln@nrmirba@dmm( Kor an IMT acth\@nced

| t-b th chan h | | defined for th
L TE Gononiet B, £ "RNRE e B R BB B iRlnRAROR SR, "Whi i conveys
i nf or mat igaRdividtAs B 908 MégarRIre (MHE )end-B @férbcrség'mg gbRsieryd i s mapped to

one or nore specific transport channels. and ot her LTE channel s

are descri bed LiTlr 3@PPISFARre sametpesigalledt thind gersyatim”commysgication

15 systems and are currently being standardized by the Third Generation Partnership
Project (3GPP). The LTE specifications can be seen as an evolution of the current
wideband code division multiple access (WCDMA) specifications. An IMT
advanced communication system uses an internet protocol (IP) multimedia
subsystem (IMS) of an LTE, HSPA, or other communication system for IMS

20 multimedia telephony (IMT). The 3GPP promulgates the LTE, HSPA, WCDMA,
and IMT specifications, and specifications that standardize other kinds of cellular
wireless communication systems.

An LTE system uses orthogonal frequency division multiplex (OFDM) as a
multiple access technique (called OFDMA) in the downlink (DL) from system

25 nodes to user equipments (UEs). An LTE system has channel bandwidths ranging
from about 1 MHz to 20 MHz, and supports data rates up to 100 megabits per
second (Mb/s) on the largest-bandwidth channels. One type of physical channel
defined for the LTE downlink is the physical downlink shared channel (PDSCH),
which conveys information from higher layers in the LTE protocol stack and is

30 mapped to one or more specific transport channels. The PDSCH and other LTE
channels are described in 3GPP Technical Specification (TS) 36.211 V8.4.0,
Physical Channels and Modulation (Release 8) (Sept. 2008), among other
specifications.
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directs calls to and from a UE, such as a mobile station (MS), mobile phone, or
other remote terminal, via appropriate base station(s) (BSs), which communicate
20  with each other through DL (or forward) and uplink (UL, or reverse) channels. In
FIG. 1, RNC 12 is shown coupled to BSs 16, 18, 20, and RNC 14 is shown
coupled to BSs 22, 24, 26.
Each BS, or enodeB in LTE vocabulary, serves a geographical area that is
divided into one or more cell(s). In FIG. 1, BS 26 is shown as having five antenna
25 sectors S1-S5, which can be said to make up the cell of the BS 26, although a
sector or other area served by signals from a BS can also be called a cell. In
addition, a BS may use more than one antenna to transmit signals to a UE. The
BSs are typically coupled to their corresponding RNCs by dedicated telephone
lines, optical fiber links, microwave links, etc. The RNCs 12, 14 are connected
30 with external networks such as the public switched telephone network (PSTN), the
internet, etc. through one or more core network nodes, such as a mobile switching
center (not shown) and/or a packet radio service node (not shown).
It should be understood that the arrangement of functionalities depicted in
FIG. 1 can be modified in LTE and other communication systems. For example,
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has detected as a result of a cell search procedure, as specified for example in
Section 5.2 of 3GPP TS 36.304 V8.4.0, User Equipment (UE) Procedures in Idle

20 Mode (Release 8) (December 2008).

The RS, or pilots, are transmitted from each Node B at known frequencies
and time instants, and are used by UEs for synchronization and other purposes
besides handover. Such reference signals and symbols are described for
example in Sections 6.10 and 6.11 of 3GPP TS 36.211 cited above. RS are

25 transmitted from each of possibly 1, 2, or 4 transmit antennas of an enodeB on
particular REs that can be conveniently represented on a frequency-vs.-time plane
as depicted in FIG. 2. It will be understood that the arrangement of FIG. 2 is just
an example and that other arrangements can be used.

FIG. 2 shows an arrangement of subcarriers in resource blocks in two

30 successive time slots, which can be called a sub-frame, in an LTE system. The
frequency range depicted in FIG. 2 includes twenty-seven subcarriers, only nine of
which are explicitly indicated. In FIG. 2, the resource blocks, which are indicated
by dashed lines, each include twelve subcarriers spaced apart by fifteen kilohertz
(kHz), which together occupy 180 kHz in frequency and 0.5 ms in time, or one time
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TS 36.211. For example, P-SCH and S-SCH signals can be transmitted on
particular subcarriers in particular time slots. In an LTE system, the enodeBs

20 transmit two different synchronization signals: a primary synchronization signal
(PSS) and a secondary synchronization signal (SSS). Primary and secondary
synchronization signals are described in U.S. Patent Application Publication
No. US 2008/0267303 A1 by R. Baldemair et al.

In an LTE system, RSRP is estimated with OFDM symbols that include

25 RSs, and a received signal strength indicator (RSSI) should also be measured
with the OFDM symbols that are used for the RSRP measurement. FIG. 2 shows
the SSS and PSS as OFDM symbols 5, 6 (assuming operation with the short
cyclic prefix and frequency-division duplex (FDD). Current LTE systems have the
PSS and SSS symbols transmitted in the middle six resource blocks in sub-frames

30 Oand5s.

FIG. 2 also indicates by the four vertical arrows on the time axis the OFDM
symbols that are used for RSRP and RSSI measurements.

While RSRP indicates received signal strength, reference signal received
quality (RSRQ) is an implicit measure of the load on the cell, as seen by the UE,
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least four OFDM symbols in every resource block as depicted in FIG. 2, are used
for handover measurements based on RSRP.

20 Therefore, there is a need for improved methods and apparatus that use
synchronization signals in carrying out received-signal measurements for
handover and other purposes.

SUMMARY
In accordance with aspects of this invention, there is provided a method of

25 determining a load estimate in a receiver in an OFDM communication system.

The method includes detecting at least one OFDM symbol of at least one
predetermined synchronization signal; determining a signal strength measure
based on the detected at least one synchronization symbol; detecting at least one
OFDM symbol nearby to the OFDM symbol of the at least one predetermined

30 synchronization signal, where communication channel characteristics for a nearby
OFDM symbol are substantially the same as communication channel
characteristics for the at least one OFDM symbol of the at least one predetermined
synchronization signal; determining a total signal power measure based on the



synchroni zation signals in carrying out received-signal neasurenents for
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out a mtcg?ndpu?ér-Pe%td%E[Tei G%rr? hlaelng stored instructions that, when executed by a
computer, cause the computer to carry out a method of determining a load
estimate in a receiver in an OFDM communication system. The method includes

20 detecting at least one OFDM symbol of at least one predetermined
synchronization signal; determining a signal strength measure based on the
detected at least one synchronization symbol; detecting at least one OFDM
symbol nearby to the OFDM symbol of the at least one predetermined
synchronization signal, where communication channel characteristics for a nearby

25 OFDM symbol are substantially the same as communication channel
characteristics for the at least one OFDM symbol of the at least one predetermined
synchronization signal; determining a total signal power measure based on the
detected at least one nearby OFDM symbol; and determining the load estimate
based on the signal strength measure and the total signal power measure.

30 BRIEF DESCRIPTION OF THE DRAWINGS

The several features, objects, and advantages of this invention will be
understood by reading this description in conjunction with the drawings, in which:
FIG. 1 depicts a cellular communication system;
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tranggit RSs i SHOLARFERave recognized that if the PSS and SSS were used for

handover measurements, an enodeB would not need to transmit RSs in sub-
frames where no UE is receiving data, and hence the enodeB's DTX duty cycle
and energy efficiency could be increased. In particular, the synchronization
signals can be used for RSRQ measurements.

20 Estimation of signal strength (i.e., RSRP) based on either or both of the
PSS and SSS is less complicated than estimation of cell load (i.e., RSRQ) in an
LTE or equivalent communication system. LTE supports both FDD and time
division duplex (TDD) communication, and synchronized and time-aligned cells
are musts for TDD (and optional for FDD). Thus, measuring the RSSI in the same

25 OFDM symbol(s) as the RSRP on the PSS and SSS does not correctly indicate
the cell load. More precisely, such an RSSI measurement always indicates a full
load for the case of synchronized and time-aligned cells because the PSS and
SSS from all cells always collide and always are transmitted. Thus, the actual cell
load typically cannot be determined from the PSS or SSS.

30 As described in more detail below, a UE can estimate a received signal
quality and implicitly cell load (i.e., RSRQ) in LTE, and use the estimate for
handover purposes. Briefly stated, the signal strength (i.e., RSRP) is estimated
using OFDM symbols that include either or both of the PSS and SSS, and the cell
load (typically, the RSSI) is estimated using OFDM symbols adjacent to, or at least
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energy efficiency could be increased. In particular, the synchronization
signal s cwo20m/us®d for RSRQ neasurenents. Estinmation ofPcsirpp@b/ost2esengt h
(i.e., RSRP) based on either or both of the PSS and SSS is | ess conplicated

th timati f I | . S ' LT, '

commun; cSept Sy fF M eSBlinl et nsis hes sane weSur TRAUROE ex (Ton)
comuni ¢ elafidy syABolSYselrioprarethiythryé r@mo@bhwgﬁb\p@é busef@ dymakc faigel DD
(and optional” for FDD). Thus, neasuring the RSSI in the sane OFDM synbol (s)
as the R&HherRTRE, s, 20¢ agdo fabieakt | y i ndicate the cell |oad.
Mo i sel Yo | - indi I f

N e £ e A BIR FE A WfTE e Pl S S0 TR [t Lo

from al | tweldugcedsiay smedibisdeitratnd REBASS S madiRSNand ta pottiod lofithe t he act ual
cell | oad tygi cally cannot be determ ned fromthe PSS or SSS. As descri bed
in nore GUPEATICHECHHENGY (FDASIA aksk [ mePB AU IEREGY BYPI8My RIAGEREIaNCE it

i mplicitlyic l.0a ' ' | dover
pur poses. ey oAEfhe OFBM pfFRBH, it 2 U caRLsHi6 el SRR Bfe IR
usi ng OFByhdpibinl esithtenatr boticbiitie RESaad BB8ShehithadretkmewrSs thardJISB8ceand t he

I jcally, t RSS! )i tinmat ed ' OF mbol dj t
o, oraint LR Grsed Releloin e ot 1 HAIQM einpastng 55 The
nubepn OfindleAoniY BPHeSnABY OFDIRN S5 @8 kivatl RUBCCANGIN fRaBlRVhde a

useful dynam c range for the"RSRQ €.g., 10-dB fromno-load to full-I oad.
This i s dPrieed RYRA)G 3, which like FIG 2, shows an OFDM sub-frane of

t ' 1 M th t P S RSs.,. | f th
subcarr i or 11 aeaGNEy P ERBUSA e OE el AP Sy B P R B fance

wi th thi R$R@afHgedBN sYrabekBivhsArEbeitisintdhihe avikiow a1 folFreOFDMERaLKOIR, t he RSRP
are the synbols in either or both of the PSS and SSS, which are known to

the UE offt€ s . Relor qeembles Y ol s (oPLi(BHE). & (i preierablil ong
the LE orisel 3 i - t
© 15T A8 el R8LPARRTSRE SRt b TRSINALE AR & Sfen Use Lo

measur e 'S curren I eve o0 be preferable for
a UE to ayhibohBds intBcRERPByaamcbviRERQ Aaslesy natvol slyistiadisatebdddy arewVid,t@GFDMVR ti nme
wi ndow Ofsy];n ol O%E%Mesgﬁ%tc):glegihg frame) is indicated by arrow E, and OFDM symbol 2
(in the succeeding frame) is indicated by arrow F. Symbols included in a four-
symbol time window can be considered temporally and spectrally "nearby", which
20 s to say that the communication channel characteristics, in particular the channel's
impulse response, are substantially the same for the symbols. Even so, other
OFDM symbol pairs, e.g., pairs (B,D), (A,D), (C, E), (E, G), or (E, H), can also be
"nearby”. In a usual implementation, the OFDM symbol adjacent to or a given
number (e.g., two, three, etc.) of symbols from the PSS or SSS is used in the
25 estimation. The typical communication system is designed for a predetermined
maximum Doppler shift, and "nearby" symbols can be easily determined
accordingly.
FIG. 4 is a flow chart of a method in a receiver of determining signal
measurements, including a load estimate such as RSRQ, in an OFDM
30 communication system that includes predetermined reference and synchronization
signals as depicted in FIG. 3. In step 402, the receiver determines a signal
strength measure, such as the RSRP, based on one or more symbols of one or
more predetermined synchronization signals. This is different from the operation



and so in FIG 3 for exanple, OFDM synbol pairs (C D), (DE), or (EF)
preferably are used for RSSI and RSRQ estimation. It will be noted that in
FIG 3, GvObsymbx2r 3 is indicated by arrow C, OFDM synipoir/ef2019/0512d9 cat ed
by arrow D, OFDM synbol O (in the succeeding franme) is indicated by arrow
E, and OF S . 2. (in.the succeedi ng f i S jndj d rrow F.
Symbol s CReI AN gl "peiv e ML Bt e S P S SR TN Sy BRI & 1
and spectin@lideay Rgzear by”, which is to say that the conmmunication channel
characteristics, in particular the channel's inpul se response, are

substantially Tihearesgiyer £an Cafy %‘}ﬁ%ﬂ@terwioﬁdf‘ StRM402 Wﬂﬂt%@mcﬂ ﬂ'i?éi rs,
- = i . . . N " b n .
Prdy LDadenits Mot holbiss SRepbfermitled Yndironibiof 88ndl, ScbBe BEa BV

(e. 9.5 t MESOhSSS. ktan ) TEfsysiaroflos ekampid, kel PSS notarS6Sut OF Déedymbol he
estimation., The typical comunicatjon systemis designed for a
pr edet er ASHRIORER] di¥)ha dastdiqurier trapaformeldidy) of &5 igesived signgk £BSi |y

determn [ Q) i I i iver of
dot or m i ag e B etoirine the RERE i SEbHeE b a0ty difre Rl
an OFDM cwomrcotierent arerasgingenthddetecied syrabolsreaee bl H8ISET sdilecaariers (@hd

synchroni zati gn si gnal,s_as_depic in FIG 3 . In step 402, the receiver
det er m n&d1Igh eﬁﬁélegkr'%ﬁ%t?ﬂ'nr@htﬁgéy%eu@% as the RSRP, based on one or
nor eqgymbol s QjfietBEs of c%bﬁtiﬁ? e RGRP BRAKSONS I Y &AL FePeRAGPR] She Thi s i's
different fromthe operationof a conventional receiver, which estimtes

RSRP basefE'9haSEBM G yiglpal ¥; tdredsporeling® RBSS dyrebslarRigrorR T)XCaMennary out the
determ nation in step 402 l)y detecting a firstt OFDM synbol that includes a

pr edet er gandsk wiittehmsroli@ys:on signal, such as the PSS or SSS. In an LTE
system for exanple, a UE;can carry out OFDM synbol detection by conputing
a fast Fourier trans)rfior:rhliEPFfrrEi of its received signal. Ekhd recei ver can
then determ ne the RSRP fromthe detected synbols by coherent and

non- cohermyhh wWaNGH B@ iﬁgmfpée t3porisd ef be thesyorarIuPicatioh chlahnBSSAS6S subcarriers
(of which there are 62 in total in an LTE system). Methods of conputing the

RSRP 1 gr e MMed Dsih i qb t hg 'Bidarahardngtanal oY
corr egponé(iﬂng t%ngl gggésy%/ﬁl %jg)égﬁ@'r%%]' "an?lleérgme{ I% nE
similar equation can be written for SSS symbols. Coherent averaging of a number
M of received synchronization symbols followed by non-coherent averaging of a
number N of coherent averages (i.e., non-coherent averaging over N resource

blocks) can be written as follows:

N M
1 1 t2
Sest _ 2 ¥y pes
N Z_:1 M Z_: ;o
20 n= m Eq. 3
in which S°' is the RSRP measurement (estimate) and P*' are channel response

estimates based on the synchronization symbols P;.
In many OFDM communication systems, the number M can typically be

around twelve or thirteen, and the number N can typically be around five, which is
25 to say, the averaging is coherent over one subcarrier spanning one resource block

and non-coherent over the rest. Recalling that the SSS, for example, typically

comprises 62 subcarriers, that can mean that N = 5 non-coherent averages of

coherent averages of M = 13,12, 12, 12, and 13 sub-carriers are computed. The

artisan will understand that other methods of computing the RSRP based on the
30 PSS and/or SSS symbols can be used.



can be witten as follows: Yil = H1Pi E Eq. 1 fromwhich the inpulse
response H of the conmunication channel can be estimted using the known
PSS synboWe 2pjo/14bkarse Ej is included in Eq. 1. A sim | arceqraiioos2ean be
witten for SSS synbols. Coherent averaging of a nurrber M of recei ved

conerent aver 1586 104 tne RendBactkntings &l SR LR st SBHGERS ) "can
be writt efe &SI w%lé’hﬁ@ﬁtm@t%tof"théﬂtéﬂaﬂrebe%b al?polW“erV\bagéu &est is

t he RSRP neasurenment (estimate) and Pest are channel response estimates
based on qnleeorsmﬂ@ﬁmbqlatne@ﬁbss9m@a§emi1to the QRAY om0 emuhicathen

syst ems, I%Q?P'?QB’B% "Mﬁgﬂ ig Vo”é oH%y\f}E P&Wzaﬁh&ﬁ §naﬂ Hyeorl CPhis jgnd the

number N can e arou averagrng is

coher &nt dh‘ﬂerenbﬁnemsthbwek@trors@faan oomgarmaar EDeivet ewbulcb@stlmaﬂe@trm RSISEr ent
over the rest. Recalling that the SSS, for exan‘g t ypi cal IQ\; conprises 62
subcar ri &8sednahe QARDNeambelgthal aredisedfor BiscReRF RPEPARRC'Sf coher ent

averages of MTﬁglr%cerjv%r cadd ca Lﬁ“ﬂ% &éth Mﬂ]eﬁ@h |h%fe33[ ?% b?qu%g%g %The

artisan wll rstand t hat t ds o ased on
the PSS awedfloy O5E8/1 symibol bycam;iwngﬁnFFFﬁosﬁttepeaHMed sigeat. e@ED%syrdnbptsr m nes

a total sigpal sure such.as the RSSI| |{ an._equi va{ q stimate of
the 1 ot alf"? ceeAbRGWIPE {EF CRBIRINICHIRR NN RER GG SR Aoy or
adj a¢gnt chanhb’ gﬁﬂ\ééb’éﬁ?f%(sé ar‘é“sdﬁé't&hla‘llﬂ)%@%e'f‘ér RRSSFMbABI qihel s to say,

not on synchronization-signal synbols. This is different” fromthe operation
of a conveerivemean ﬂ@@eiet@mmneﬁheﬁsa%ltfmmttbe dete&tﬂsson@a@efaromzatlhe OFDM

synbol s that  ar ed for t RSRP can car ry out
the det eri VRO A Igh Ve AT B e b 5
conput i n@sématéd bplcohipitingaeé vaHastabtihe robEVea i I@)vélfégl\mﬁhat[rhé when the
communi cati on channel characteristics, in particular the
period.
15 For example, the UE can compute the RSSI by averaging the squared
magnitudes of the symbols' subcarriers spanning a number of resource blocks
(e.g., six resource blocks, for a total of 72 subcarriers). The RSSI can be written

as follows:

L 2
RSSI = ). ‘ Y, ‘
=1 Eq. 4
20 in which |Y|| is the received signal level of the subcarrier | (of the OFDM symbol

used for the RSSI), and L is the total number of subcarriers (of that OFDM
symbol). An RSSI value given by Eq. 4 can be scaled to an RSSI per subcarrier
by dividing by the number of subcarriers.
In step 406, the receiver determines a cell load measure, such as the

25 RSRAQ or an equivalent measure, based on the determined RSRP and RSSI by
computing their ratio, which may be scaled by multiplying it by a suitable scale
factor, such as the inverse of the total number of subcarriers on which the RSSI is
based as noted above. The resulting RSRQ can then be used as desired, e.g., in
further processing for handover and other measurements.

30 It will be appreciated that the method can be carried out after a UE has
detected a cell, such as its serving cell, a camping cell, or a neighbor cell, by a

conventional cell search procedure, which are well known in the art. It is currently
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channel 's i nmpul se response, are substantially the sane for the synbols. The
receiver can then determne the RSSI fromthe detected

non- synchwonomaiezensi gnal synbols in any suitable way. ReTkiroow/ 051239 he art,
the RSSI can be estimated by conputing the vari ance of the received si gnal

over agivn ' riQd., For e I he he RSSI

aver agi né)efﬁ\ééi%gg@ I cﬂfoaegj% rﬁﬂﬁé §&g§@@ﬁ% S spanni ng a
nunber 0fmé@§9§ﬁ@ﬁt@'e‘l§kép|6©xﬁnatew évér?%th@e Irbb@@lf@n éQIE@alﬁ@ﬂs’éi of 72
subcarriers). The RSSI can be witten as follo L' RSSI =/ /=1 Eq. 4 in

whi ch | YoptipRaliyhiaclusednipsaadipg sgout ﬂf\ﬂe‘RSBﬂ:’ R%Slsabd@rrﬁ%ﬁl@un(of t he OFDM
symbol u %%(é)ﬁeh?@%ﬁ@épa?ﬁ‘éahseﬁdttg?héﬂéﬂvorg 513 °Fes8HFc%§£c{r{tFo’|S (of

that OF al’tue "given b e Scale an RSS
per s8bciRREMoéysatjesi atcogdiby td tree wenrikaownfpreuémares iused.in HERA/RYCBOEA t he
receiver determnes a cell |oad nmeasure, such_as the RSRQ or _an equi val ent

measur e, AEdelE ¥ sueh m%%%sneﬂﬂqdéﬁmw&méﬁs% &%ﬁiu@n%rﬁ%ﬁ?@ Phati o,
whi ch ma t such as
t he |nve?ésleeﬁos?%?%@%trl§%{ %gﬂ ngé uaggérefglogrlégag%l]% %B%hﬁaﬁg I s based
as not ed nadEBuEzeMents ofgzlutdl subcﬁﬁl@@ can then be used as de5| red, e.g., in
further processing, for handover nmeasur ement s

appr ool ared. ¢ RS deiATia0h o oeian GEOMEIYIBaS Gy PERUZCeR! bedet ect ed a
cel I 1oSUPEBGSIY @F%ﬂ\ﬂ‘éyﬁﬁbo@fdrm@as%@ﬁ'tﬁg R@él‘ancPRSPC!?% @akaryeebh, by a
conventional cell searCh procedure are well known in the art. It is

current | yha#d beddSRQ ded B‘c‘d?lémwremen@ withina ma& timsywinoWRSRP, and RSRQ

reasu e hon o R R SRS 0 el BRa R e R fon o

measur enméxumewnté SlekPpderiotl iCRE SRTTIYUIEd forelisintitlluSfedeptivn (DRSOUAGE

control messages according to the well known procedures used in
HSPA/ ﬁﬁﬂafF_tTE anneluiaiiatiess HgtuceTRORIEape MIBpRFIMAITAS RSSI, and/ or
RSRQ1gor minimized, and the enodeB can maximize its sleep period if it is configured for

DTX.

FIG. 5 is a block diagram of a portion 500 of a UE that can implement the
methods described above. It will be appreciated that the functional blocks
depicted in FIG. 5 can be combined and re-arranged in a variety of equivalent

20 ways, and that many of the functions can be performed by one or more suitably
programmed digital signal processors or other known electronic circuits.

As depicted in FIG. 5, a UE receives a DL radio signal through an antenna
502 and typically down-converts the received radio signal to an analog baseband
signal in a front end receiver (Fe RX) 504. The baseband signal is spectrally

25 shaped by an analog filter 506 that has a bandwidth BWg, and the shaped

baseband signal generated by the filter 506 is converted from analog to digital
form by an analog-to-digital converter (ADC) 508.
The digitized baseband signal is further spectrally shaped by a digital filter

510 that has a bandwidth BWgync, which corresponds to the bandwidth of the

30 synchronization signals (OFDM symbols) included in the DL signal. The shaped
signal generated by the filter 510 is provided to a cell search unit 512 that carries
out one or more methods of searching for cells as specified for the particular
communication system, e.g., LTE. Typically, such methods involve detecting the

predetermined PSS and/or SSS in the received signal.
11



each subcarrier in respective RRC nessages or as a an ordered array of
measur enments of plural subcarhers. One advantage of using OFDM synbol s
near by orwedpaxrm27t o t he PSS/ SSS OFDM synbol s for neasecirmp2dibesRISl and
RSRQ is that a UE can make the RSRQ and RSRP neasurenents within a small

(e v ndon, g oSS0 2RY Kgh A SERUSITRPLS S AR Sof RS 2Pove
di scont | pgys,) 868RAne LORuaA b and IRPfiler8h SRRBELNAL) athans bet veen

RSRP and estimati s mnim?z Ze’its

| : oY . . . . : ;
por t1 on 507 GF 10 prBpSer 26l Inltis n FFT orond SleBle ShEdA™ Pt 11
be appr eciegbeppostimn dlgerithomitiat geaéraeoeKeqiepcygdedaim (Speétrah) can be

he. FBnctPRRSEAoDeT 05t PO b3 OBRIOB PaRB el BRPSG b FERREN S of Lol

si gnal pregesRess RSRPY Al b aewinfh&Etronic circuits. As depicted in FIG
5, a UE reCeives a DL radio signal through an antenna 502 and typically

]Eiown- con\éer ts Tthedoaﬁb@hdédpm@htat‘ﬁingbmilREs)C@me%pmdldJ@g isagatineell @f: igtexest; ndab

i Fe,RX) 504. T Si ' .
aLC’QE?fQ&r%%?5@5%5%8?Hap?ﬁﬁ'a%ﬁ'gﬂ%gﬁm”@?ﬂ&%?“ Bl Ct@h%L%%gﬁ%%?ef Y
by an andhadh Seirdt feeralbERrare RRLERSE P Il MR Bt & gnal
is fypt h%\[’e\nﬂi%jcéﬁfeféét%'thé cﬁagg&deéwnétegg%g%m@gpfddnp%w ﬁgnég BtdeRas, & chamgwi dth

BWSync orrespon to the h of t chroni zation signals
( OFDM sy mndtl 520 amat badedciived apo@. €hgnia¢l.estinated ape hesiapmautedemangtoéd by

the filter 510 j rovided to a cell searc ni 2 that carries out one
or rore. ATl SBLBIER i PRrE Ao Bt [ S Rient ARBIGHN cular
comuni CadBa s N8T065/01 0564 Eby WithdlRisk¥n ef UE RomBiHipthel EBM@laYien $§t ecti ng
the predeterm ned PSS and/or SSSin the received signal.The digitized

baseband Aglaphse Interpolaionr ovi ded by the ADC 508 to a digital filter 514

that has the bandwi dth BW, and the filtered digital baseband signal is

proviléled to a Ihecetisryer 518 prevides thepthansnel estimatastHide asyeboldgtealsr e
tral

spectra 522 and further processing in the UE (not shown), and also to a signal

measurement estimation unit 524 that generates received signal measurements
(e.g., estimates of RSSI, RSRP, RSRQ, received subcarrier power Sj, signal to

interference ratio (SIR), etc.). The estimator 524 can generate such estimates as
20 described above and in response to suitable control signals provided by the
control unit 520. The measurement estimates generated by the estimator 524 are
typically also used in further signal processing in the UE.
In the arrangement depicted in FIG. 5, the control unit 520 keeps track of
information needed to configure the processor 516, estimation unit 518, and
25 estimator 524. For the estimation unit 518, this includes information for RS
extraction and cell-specific scrambling of RS. Communication between the
searcher 512 and the control unit 520 can include cell identity and, for example,
cyclic prefix configuration.
It will be appreciated that procedures described above are carried out
30 repetitively as necessary, for example, to respond to the time-varying nature of
communication signals exchanged by transmitters and receivers.
To facilitate understanding, many aspects of this invention are described in
terms of sequences of actions that can be performed by, for example, elements of

12



deconposition algorithmthat generates a frequency-domain (spectral)
representation of the baseband signal for each cell whose signal

measur enewo01{oe14gs27 RSSI, RSRP) will be determ ned. Theproasmrb@nds7239
representations of REs corresponding to each cell of interest are provided

for “each HrogE b ButPler syt o BeEEs0Regd P SARRIS ncfifhe BRUS et o
5 18 can weengfarhied hesséaaneld @ﬁ:uitmeé.gs, dssrete %Eiccgmteétnhteﬁdo@mbfedptbovi ded

by a control unit 520 and as descri bed above. Channel estinmates can be
conput ed AeRfogMya spedialirgdienrtigmenapriippdionfspeciticdnteoeatad cifeyiés)i Bed in U. S.

Pat ent ﬁ%ﬁééﬂ’%ﬁﬁal”%ﬂugwﬁg%‘%‘ﬂgd B'y-on%%)r 8k &%@égﬁé ée{}g%??nla o @atﬁy gf. for

" Channe Iron I've Int erpol ation. provi des
t he chanmelth.eBtireleseBahcedivera irnpldpedntihet erabodintsiils afithig invehdon paod@essi ng i n
the UE (not shown), and also to a signal neasurenment estimation unit 524

t hat gené'?cii‘t"é%d Fb(f@ﬁ@)@cﬂn@?gﬁ‘é’p”?ré%{% @?\%ﬁi@@gééﬁ,@??dégt{si [ARIQ COMPRISES | RSRP,

RSRQ 1 eChid@HleRhBERE RGmiRRLChasd siabbRSMnd thel ec! f erence ratio (SIR),
etc 4 g t

.). The estimator can generate such estimtes as descri bed above and
in response t dMaeovaltkesdorentioh caingrddisonallgyiedeahdigereti¢o bereambodiedi t  520.

Th t .esti ted by th timtor 524 typi [ 1 |
Lsed T EaTTAmIETLAEY i, AERE AuRr redarb e D pue el ey et et ot ed i
FIG 18, thereiPah aPbrdftdte 880okiRSIPECtiIEr Qe bR inBbhMaLtdR_MRHah0 configure

the processor 516, estimation unit 518, and eStimator 524. For the
esti mat i dmstuudtionExegutiomsystent lapgeatusf grdavice sutbasrREcexputertiasedand

The. cont PoreToR3G 2R Hiafia: SRR, o) Gk PSR HEEPar RERT €0y, 15 *™
prefix camin auhediuAnand exvtlte the idiiceiehat pd Useathdre 08 eghinpstedessdadied
above are carried out repetitively as necessary, for exanple, to respond to

the ti nem%ﬁiyﬁfﬁg?aﬁah%@{ Gfeaﬁéﬁh@ﬁrﬁafh@qrﬁﬁins st @ tensRenges Rﬁ9glt&ffaf@m tters
S0 §5CSH KB onf BRI LR R B AP Moo s ASBBC kppffarbth | Lvert o
f or exanplegiceel Brectmpofer-rpadaie medilie canbetfer egasipEbut rotwinitedye, an
recogni Zee eét%%ﬁc,vrﬁgér?el%ﬁ:, gg%ici:a ,nglegggrln%gnetic, infrared, or semiconductor system,
apparatus, or device. More specific examples (a non-exhaustive list) of the
computer-readable medium include an electrical connection having one or more
20 wires, a portable computer diskette, a random-access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only memory (EPROM or Flash
memory), and an optical fiber.
Thus, the invention may be embodied in many different forms, not all of
which are described above, and all such forms are contemplated to be within the
25 scope of the invention. For each of the various aspects of the invention, any such
form may be referred to as "logic configured to" perform a described action, or
alternatively as "logic that" performs a described action.
It is emphasized that the terms "comprises" and "comprising", when used in
this application, specify the presence of stated features, integers, steps, or
30 components and do not preclude the presence or addition of one or more other
features, integers, steps, components, or groups thereof.
The particular embodiments described above are merely illustrative and

should not be considered restrictive in any way. The scope of the invention is
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be perfornmed by specialized circuits (e.g., discrete |ogic gates

i nterconnected to performa specialized function or application-specific

i nt egr at esto@nrocdR423) , by programinstructions executed PZT@EPR010OSTIBY €
processors, or by a conbination of both. Wreless transceivers inplenenting

Col aphonacrerined bY hEXTRUNES oo oind BRMHEGaone BowEERM et Br v nat s

base st at}igins thearhgehst thé kRimbare avended b Be ieivraté@rtharaimh. addi tional 'y be
considered to be enbodled entirely within any form of conputer-readabl e

storage nedi um having stored therein an appropriate set of instructions for
use by or in connection with an instruction-execution system apparatus, or
devi ce, such as a conputer-based system processor-containing system or

ot her systemthat can fetch instructions froma nedium and execute the
instructions. As used here, a "conputer-readable nedium can be any neans
that can contain, store, or transport the programfor use by or in
connection with the instruction-execution system apparatus, or device. The
conput er -r eadabl e medi um can be, for exanple but not limted to, an

el ectronic, magnetic, optical, electromagnetic, infrared, or sem conductor
system apparatus, or device. Mire specific exanples (a non-exhaustive
list) of the conputer-readabl e nediuminclude an el ectrical connection
having one or nore wires, a portable conputer diskette, a random access
menory (RAM, a read-only nenory (ROV), an erasabl e programuabl e read-only
menory (EPROM or Fl ash nenory), and an optical fiber. Thus, the invention
may be enmbodied in many different forns, not all of which are described
above, and all such fornms are contenplated to be within the scope of the

i nvention. For each of the various aspects of the invention, any such form
may be referred to as "logic configured to" performa described action, or
alternatively as "logic that" perforns a described action. It is enphasized
that the terns "conprises”™ and "conprising”, when used in this application,
specify the presence of stated features, integers, steps, or conponents and
do not preclude the presence or addition of one or nore other features,

i ntegers, steps, conponents, or groups thereof.
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The particul ar enbodi nents descri bed above are nerely illustrative and
shoul d not be considered restrictive in any way. The scope of the invention
i sdet er mMmwedotyi4edze foll owi ng clainms, and all vari ati ongcamP2@qosizas ent s
that fall within the range of the clains are intended to be enbraced

therein. CLAIMS 1. A nethod of detern{:PAM a load estimate in a receiver in
an orthogonal frequency division nmultrp § (OFDM) communi cation system

conpri sing: det esthdtBodlof Heasiting a0bEYesHimaed irth rédeil&raftanddrehogonal
pr edet er mi ned synchroni zati on nal ; determ ning a signal strength neasure

si
based on fiegeieasy ditisien srullipiexs {O6RM )ssaremubifiasan isyatesy,AesNRrisiRg ect i ng at

| east one GzDMe?é/(gfﬁg;Lag{Fzﬁ%t%et@FbﬂﬁF%w éfymé’éstgnetré@ggferh one

pr edet er mi ned "syn ation Signa erei n_commu I'on channel

char ast ersiyathropidationaigredy by OFDM synbol are substantially the sane as
communi cation channel characteristics for the at | east one OFDM synbol of
the at |east SieTprBRGRPIANALR Al merturarased ondhadeteried Ahiesshgna t ot al

signal p on the detected at |east one nearby OFDM synbol ;
SHREERARoR AR

and deter g€stimate based on the signal strength neasure and
the total sigustegioget |eassunecOFPM syfhbohmedroy tothe OkDiV Bymbdotpéihe athe at

| t OFDM | to the OFDM nmbol f th t. | t
oSt or TeAR e R T S cBramEatar S pRAn Berelh codrniticeias ol b ou
synbep Ofchbrﬁ‘,t@rtisticgefélta‘h_@ﬁrw@#ﬁf_l\ﬁ%%%@ﬂa@%%i&@%@@am@é@l- 3 . The

met hod of claim1, wherein tthe signal strength measure is a reference
si gnal r eosimericpbarcharnel chamaesiicsJoninel atdgeasirones@k M symbal ofdbeiaied

signal strength indi or.. 4 . e th f claiml, wherein the | oad
esti mat _eﬁ%%ﬁ%ggpd({ﬁaéfe?@iedrch@?@qlz%@ ggaﬁlal strength neasure and the
total signal pet&miARgsictal signal Powvereiéwslireibaskaion the ddiedted at idwst at | east
one predeterm ned synchroni zation signal is at |east one of a primary

synchronioﬁﬁ_tﬂQﬂﬁb)é _ Sambc&; &tondary synchronization signal is a Long
TermyEvol uti ony CHMHRGGAE I1GRY estimate based on the signal strength measure and

the total signal power measure.

2. The method of claim 1, wherein the at least one OFDM symbol nearby to
the OFDM symbol of the at least one predetermined synchronization signal is
temporally adjacent to the OFDM symbol of the at least one predetermined

20 synchronization signal.

3. The method of claim 1, wherein the signal strength measure is a
reference signal received power, and the total signal power measure is a received
signal strength indicator.

4. The method of claim 1, wherein the load estimate corresponds to a ratio

25 of the signal strength measure and the total signal power measure.

5. The method of claim 1, wherein the at least one predetermined
synchronization signal is at least one of a primary synchronization signal and a
secondary synchronization signal is a Long Term Evolution communication
system.

30 6. An apparatus in a receiver for determining a load estimate in an
orthogonal frequency division multiplex (OFDM) communication system,
comprising:

a detector configured to recover at least one OFDM symbol of at least one
predetermined synchronization signal and at least one OFDM symbol nearby to
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system 6 . An apparatus in a receiver for determning a |load estimate in
an orthogonal frequency division nultiplex (OFDM communi cati on system
conpri si go 2a10d@k®ct or configured to recover at | east omeT@PRMosyTEI®Ol Of at
| east one predeterm ned synchroni zation signal and at | east one OFDM synbol

by tofh l,.of th I d ] h i zati
o anal . THEPETIMC AL at1eEnCone PREle A0 ) RU0BOR a6y ey oo
synmbol akighereisdoiinudldaYioh kB apAEECHRFasie vty foRbi rdar6 OFM syhfdrakeri stics
for the at | east one OFDM synbol of the at |east one predeterm ned

synchr onisg@siaptiaky ieasamea sg @nIMyRigetie’d chaane) chesattedeticsdor @%@tﬂ@a%ﬁ_ ne a
31 gnal StRNSEBERRHAFoMAS o 10U LRE ERaRha Bl RAR B ygRl Bk 22t o

synbol , ermhe-a oWer “neasur€ based on t ected at

| east 50ne neardosighEiDdtisyatbotonfaued (o deteeminene signal kpendgtasheasure desedd on
the signal strength neasure and the total sign power neasure. 7 . The

|
appar at u®ndnedeigcied atigast eng Sb’ﬁﬁhré’Piqa(QQ@f[Sy ?,@Iﬁiﬂt%ryr?fﬁﬁlal tﬁéedrs!iﬂnaﬂ o the
O-DM Sy”%hé?fméé%rétbagéﬁg)‘h é@%ﬁe@%ﬁ%@}aﬂéﬁsf‘ﬁﬁe%@ ORTARSYRIbob . | S

tenporal I'y adjacent to t of the at ast one’predet erm ned
synchr onidesrimone $heloald. eSimatéivased wer thewsgrd| stieagth Bieashrer @idhthehtotali gnal
strength r.reaiure Is a reference signal received power, and the total signal

power ne PPYELM&ESE Sed signal strength indicator. 9 . The apparatus of

clai qp6, wher & nTAh8pbAELLE IER 6, RPEFER RUEEIESt Sné BFIMynidis nehesial
strength nmeasure and the total signhal power neasure. 10 . The apparatus of

cl ai m 6, todre RN isyminol betist atdaestmnedeiedetdrmined syndhronizaten signel gnal i s

Synchr oni PRy Ao i v OERATRAROLET I AR TR A BB st om 11

conput er sypait@blA2tiBRGigHa havi ng stored instructions that, when executed by
a conputer, cause the conputer to carry out a nethod of determning a | oad
estimate in a & ethe appatatusef dainhBgwharein theyaignalsteenatsineeaswie is gl ex ( OFDV)

15 reference signal received power, and the total signal power measure is a received
signal strength indicator.
9. The apparatus of claim 6, wherein the load estimate corresponds to a
ratio of the signal strength measure and the total signal power measure.
10. The apparatus of claim 6, wherein the at least one predetermined
20 synchronization signal is at least one of a primary synchronization signal and a
secondary synchronization signal is a Long Term Evolution communication
system.
11. A computer-readable medium having stored instructions that, when
executed by a computer, cause the computer to carry out a method of determining
25 aload estimate in a receiver in an orthogonal frequency division multiplex (OFDM)
communication system, wherein the method comprises:
detecting at least one OFDM symbol of at least one predetermined
synchronization signal;
determining a signal strength measure based on the detected at least one
30 synchronization symbol;
detecting at least one OFDM symbol nearby to the OFDM symbol of the at
least one predetermined synchronization signal, wherein communication channel

characteristics for a nearby OFDM symbol are substantially the same as
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comuni cati on system wherein the nethod conprises: detecting at |east one
OFDM synbol of at | east one predeterm ned synchroni zation signal;

det er mi niwg 28108i4g52al strength measure based on the det eetadpasiolosass one
synchroni zation synbol; detecting at |east one OFDM symbol nearby to the

OFDM synbal of th east , one det.ermn sy.nchr 0 i gnal
wher ei 1 COMACITERTo R e oRrEEidieart Beradeddians QELRES RReRp IRt are
subst ant I|@é§tbnbk&e§§@mwgﬁk&ﬂﬁém sigagnel char acteri stl cs for the at
| east one OFDM symbol of the at |east oné predeternined synchronization

signal ; det er dieierAgniagtaicial signmaowsseeasusadaced pasbe detealed ab@astt ed at
| east on d determ ning the | oad estimate based on
t he si gn(;qn gﬁgg%ﬁ rreasylﬁ)o(ejdl’a%@]t he total signal power neasure. 12 . The
medi us of cl aidetdriminigeheilsad bstiraate! easid omtheEiPhaIsstrdrglth ressbye kadt he OFDM

synbol of the at |east one predeterm ned synchronization signal is
t enpor al I'S}eéﬁiﬁb%g'ﬁ@' RAVEHBEEH Ut synbol of the at | east one predetern ned

synchr oni zat | o Sfigledid of B TESER A nE!A\gBstbne EDET SuhBa ! ona

strength neasuré |s a reference sig ecelrve ower tal signal
power neaeartey tocsthe OEDM sryatibell afrthé atteashohb predieteemmed shyhchiidrézatieti um of

claimll,.\/\hrenthelo est| esponds .to rafi o of the signal
St rengt h SRS EmRRIbA8SIAGER toans T OMARRONEE R af1epst ofdhe modi um of
cl ai gp 1l rdhGERhhed§nehrdritAstion fredeterm ned synchronization signal is
at | east one of ‘a pri‘mary synchroni zation signal and a secondary
synchroni zat i di3. sTf@maIednls'na)fcmm e wheFgiol theisignat strangincacasuresg st em
reference signal received power, and the total signal power measure is a received
signal strength indicator.
14. The medium of claim 11, wherein the load estimate corresponds to a
15  ratio of the signal strength measure and the total signal power measure.
15. The medium of claim 11, wherein the at least one predetermined
synchronization signal is at least one of a primary synchronization signal and a
secondary synchronization signal is a Long Term Evolution communication

system.

17



