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Coherent averaging of a number M of received reference symbols followed by non-
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5 N Sest = ENnNn=1 lest - LRSmMmMnrl Eg. 3 in which
Sest is the RSRP neasurenent (estinmate) and RSest are
the estimated RS synbols. 5The unreliability and
potentially |large bias of RSFRP neasurenents based on
an assumed second TX antenna in |ow SIR conditions can
now be understood for the exerpl ary case of additive
white Gaussian noise, i.e., a static channel inpaired

by only addition of eranﬁeEOﬂ ﬁ hggtjzlgg a const ant

spectral density. Th& wer estimate
Sest described by Eq. Scannab romF‘mate by: 10
Eq.3

in which SeSt is the RSRP measurement (estimate) and RSeSt are the estimated RS

symbols.

The unreliability and potentially large bias of RSRP measurements based on an
assumed second TX antenna in low SIR conditions can now be understood for the
exemplary case of additive white Gaussian noise, i.e., a static channel impaired by only
addition of wideband noise having a constant spectral density. The received signal

power estimate SeSt described by Eq. 3 can approximated by:

%= s+ 1m Eq. 4
in which S is the received signal power. If S is large, then S = § in Eq. 4, and if S s

t t
small, then Ses = 1/M, which is to say Ses has a bias. The number N affects only the

variance, not the bias of the estimate, as explained in U.S. Patent Application Publication
No. US 2008/0101488 A1 by L. Wilhelmsson et al. for "Robust and Low-Complexity
Combined Signal Power Estimation", for example.

In addition, the DL channel commonly suffers from delay spread and Doppler shift,
and so the channel is not constant as typically assumed, leading again to increased
probability of biassed RSRP measurement values. A known solution to this problem of
varying DL channels is to use more advanced methods of estimating the channel and
signal power (e.g., methods based on Wiener filtering). Like the FFT processing
mentioned above, such more advanced methods are computationally intensive and need
to be done on each detected neighboring cell, rendering this solution undesirable.

Therefore, there is a need for improved methods and apparatus for measuring
signal power of cells without significantly increasing the complexity of the measurements.

SUMMARY

In one aspect of this invention, there is provided, in a receiver, a method of
estimating a received power of at least one signal having a pattern known to the receiver,
the signal having been transmitted by at least one antenna. The method includes using
a first method of measuring the received power based on the pattern, the first method
generating a first sequence of first power estimates; determining whether a
predetermined first event has occurred; and if the first event has occurred, changing to a
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BRIEF DESCRIPTION OF THE DRAWINGS

The several features, objects, and advantages of this invention will be understood
25 by reading this description in conjunction with the drawings, in which:

FIG. 1 depicts a cellular communication system;

FIG. 2 depicts subcarriers and time intervals in a communication system that uses

orthogonal frequency division multiple access;

FIG. 3 depicts reference signals in a communication system that uses orthogonal
30 frequency division multiple access;

FIG. 4 is a flow chart of an improved measurement method; and

FIG. 5 is a block diagram of a portion of a received.

35
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other subcarrier channel characteristic; | and k are time and frequency indices,
respectively; and m and n are indices of time and frequency positions of received
reference symbols RS at totals of M and N time and frequency positions as depicted in
FIG. 3.

30 According to Eq. 5, a received signal estimate Sn,meSt is generated for each
received reference symbol RSy m, and each such received signal estimate is generated

by linear filtering of the neighboring RSs with filter coefficients aj-m k-n that are a



DETAI LED DESCRI PTI ON As described in nore detali
bel ow, the nethods and apparatus for neasuring

recei ved signal power for handover neasurenents (e.g
RSRP and simlar 5 nmeasurenents) in 3G LTE and simlar
comuni cation systens are adapted based on the
estimated (neasured) signal pdver |evel such that

conput ational l'y intensive channel and signal - power ,
estunereb cbRORAEY Kbt sdetayesPpee cbte nhsankrempiee be 95eatsy theTherpler shift,

a ﬁ@%tér [AdecRs bs Peﬁ\‘/}ﬁ%FeﬁéQ BAY thB QYeier FRRARIH: b, the faster |a|
|eX|Hﬁland S|%na pOMBr neasur enent pertor mnce

caﬂ BE Ll BYBEISFor i nstance, neasurenents (e.g.,
RSRP nihs chappe tot smarchdgirand eleagsémeraiimethol can e basseiconam

Sregtﬁﬁﬁﬂe n%plle /t XB%QEI%erﬁJti@Q BhBtré'f IVEr %I%Ue)fth%ﬁ Ia-,)SVhere
Y\‘% s@ g ower ?or

antenna t he r celve
S| Ry rq'@tlon &mﬂgwn@w 3 H%’“?Ué?é e’leaede@fe@mthogdwap ifulagpedghboring
i SCdnnsgdmsea Be tHeBaIsicefdrte 86 cbRtieoRBr (ansmy ef @Q@gt{b@hng cell
B e B T o M el B e £l R, M 1 8R8% i iggered
rremt)ulf treereivae powel (erefiRpef lessdimayetpagiasier dmm@ertot)cetlllaeﬁ measured
10 neesmgraeﬁlor(eea%tme& ﬁfé)hoel i mlcn eoue W fre (REisich Eﬁn bEyRkd oNen

the estimated power level Is [ow, a sinple neasurenent
melABRYEMeNiR e e pcondMEBpfod of channel estimation
based erG.giigphen averagh nq)ramcméﬁsn@nteat reéthodBinalaent@ance with

VWhen . S e |.ev [
Cotﬁ%llr?vgﬁtto% tF ngttgugeaﬁgl‘ées a;?@%"ﬂgd dto b% cag i tedgo g%ervmﬁgell (or
c oemivialeatyeld bg Gameedsen @ nedrin idieenédsd incadG L he cordeueibationslstem

15 €SducHat tanadasadn fiG. anutc?tranQé SopPstidtdmhefevel 3 @lis invention can
characteristics, such as Doppler shift and del ay

spreeglemenist 'rb‘%therﬂigm&t‘ﬁlcé@esé{“ﬁ@sf blormphiRe togime, thf Wrsgasiies out
dspecified caNdearchivckdlire,. e1y. Hof detérmiriigSietfhsbmgl dellkto HEused as

5 FRaltah e of 0cRMes BB ol S3RL-8s CRRES bkt Ed1Fbs veer
detected (step 402) the UE performs a received signal power (e.g., an RSRP)
20 measurement using a first measurement method (step 404).

If the measured signal power does not meet one or more particular conditions that
in FIG. 4 are called Event A (No in step 406), the process flow returns and power
measurement on the detected cell continues using the first measurement method. It will
be understood that step 404 can be carried out repeatedly according to the specifications

25 of the communication system. If the UE determines that Event A has occurred (Yes in
step 406), the UE starts to do signal power measurements on the detected neighboring
cell according to a second measurement method (step 408).

As an option depicted by the dashed lines in FIG. 4, if the measurements

according to the second method meet one or more further conditions that in FIG. 4 are

30 called Event B (Yes in step 410), the UE performs measurements according to the first
measurement method again. Otherwise (No in step 410), the UE continues to use the
second signal measurement method.

The artisan will understand that the flow chart in FIG. 4 assumes only one
detected new cell, but in general a UE can have a number of simultaneous detected

35 neighboring cells for which RSRP measurements are made simultaneously or
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30 detection, i.e., that two TX antennas are detected when two antennas are used and one
TX antenna is detected when one antenna is used, is below 0.8 or so, and good
accuracy means that the probability of correct detection is at least about 0.9. Hence,
after a UE has detected a second TX antenna (see Event A in FIG. 4), the UE starts to
do RSRP measurements based on both TX antennas. Measuring RSRP based on two

35 (or more) TX antennas can be considered as the second measurement method in FIG. 4.
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det ected cel | e the
?mat?on more édvanceg meni1ao¥js include estimators based on Wiener filtering.

When the RSRP measured for the cell then becomes low, e.g., -4 dB relative to
the RSRP of the strongest cell (Event B in FIG. 4), the UE can change the measurement
method back to the first method. In that case, the optional step 410 in FIG. 4 is
performed.

The artisan will understand that in addition to or instead of changing power and/or
channel estimation methods based on comparison of measurements of a cell to
measurements of the strongest cell, the changes can be based on computed trends in
the measurements. For example, if a UE has been using a simple measurement method

on a detected neighboring cell, the UE can look at stored (past) measurement values in
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stored (past) neasurenent values in 12 an effort to
"predict" that the RSRP will increase (and trigger
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on its prediction, or just prepare to change nethods,
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function or application-specific integrated circuits),
by programinstructi ons executed by one or nore
processors, or by a conbination of both. Wreless
receivers inplenenting enbodi nents of this invention
can be included in, for exanple, nobile tel ephones,
pagers, headsets, |aptop conputers and other nobile
term nal s, base 25stations, and the |ike.
Moreover, this invention can additionally be
consi dered to be enbodied entirely within any form of
conmput er - r eadabl e storage medi um having stored therein
an appropriate set of instructions for use by or in
connection with an instruction-execution system
apparatus, or device, such as a conputer-based system
processor-contai ning 30 system or other systemthat
can fetch instructions froma nedi um and execute the
i nstructions. As used here, a "conputer-readabl e
medi unf can be any nmeans that can contain, store,
conmuni cate, propagate, or transport the program for
use by or in connection with the instruction-execution
system apparatus, or device. The conputer-readabl e
medi um can be, for exanple but not limted to, an
el ectronic, magnetic, optical, 35el ectronmagnetic,
infrared, or sem conductor system apparatus, device,
or propagation
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list) of the conputer-readabl e nediuminclude an

el ectrical connection having one or nore wires, a

portabl e conputer diskette, a random access nenory

(RAM, a read-only nenory (RQM, an erasable

progranmabl e read-only nenory (EPROM or Fl ash nenory),

and an optical fiber. 5Thus, the invention may be

Clatmsgli ed in many different forns, not all of which are

descri bed above, and all such fornms are contenpl ated

to be within the scope of the invention. For each of
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nmet hod conpri si ng: using a first nethod of

nmeasuri ng the recei ved power based on the pattern, the
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predetermined second event has occurred based on the second sequence of
second power estimates; and
if the second event has occurred, changing back to the first method of

measuring the received power.

5. An apparatus in a receiver for measuring a received power of at least one
signal having a pattern known to the receiver, the signal having been transmitted

by at least one antenna, the apparatus comprising:



3. The method of claim1, wherein the second net hod
generates second power estimates that have a | ower

bias than the first power estimates. 4. The nethod of
claim11, further conprising: if a change to the
second net hod has occurred, ggterm ning whether a
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if the first event has occurred, changing to a second
nmet hod of neasuring the received power, the second
nmet hod being different fromthe first nethod and
generating a second sequence of second power
estimates; and wher ei gt he first method

i ncl udes coherent averagi ng of a nunber M of received
ref erence synbols foll owed by non-coherent averagi ng
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10.  The computer-readable medium of claim 9, wherein whether the first event

has occurred is determined based on the first sequence of first power estimates.

11.  The computer-readable medium of claim 9, wherein the second method
generates second power estimates that have a lower bias than the first power

estimates.

12. The computer-readable medium of claim 9, wherein the method further
comprises:

if a change to the second method has occurred, determining whether a
predetermined second event has occurred based on the second sequence of

second power estimates; and
if the second event has occurred, changing back to the first method of

measuring the received power.



