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METODQ APARATO PARA TRANSFORMAR UNA ESTIMACION DE
CANAL

REIVINDICACIONES:

1.  Un aparato para estimar un canal para una sefial recibida, en el cual diferentes
partes de la sefial recibida son moduladas utilizando diferentes tipos de modulacién;

el aparato comprende:

un estimador de canal para estimar el canal basado en parte de una
seflal recibida modulada utilizando un primer tipo de modulacién; y

un transformador de estimacién de canal para transformar la
estimacion de canal a otra estimacién de canal correspondiente al menos a un
scgundo tipo de modulacién.

2. El aparato de la reivindicacién 1, en el cual el primer tipo de
modulacién es utilizado para una primera porcién de la sefial recibida, y el segundo
tipo de modulacién es utilizado para una segunda porcién de la sefial recibida.

3.  El aparato de la reivindicacién 2, en el cual la primera porcién es una
secuencia de acondicionamiento, y la segunda porcién es una secuencia de

informacién.
4, El aparato seglin la reivindicacién 1, que ademés comprende:

un primer desrotador para desrotar la parte de la scfial recibida
modulada utilizando el primer tipo de modulacién por una cantidad apropiada para
el primer tipo de modulacién; y
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al menos un segundo desrotador para desrotar parte de la sefial recibida ’b

modulada utilizando el segundo tipo de modulacién por una cantidad apropiada para
el segundo tipo de modulacién.

5. El aparato de la reivindicacién 1, en el cual el transformador de
estimacién de canal multiplica la estimacién de canal por una matriz.

6. El aparato de la reivindicacién 5, en el cual la matriz es precomputada

y almacenada en una memoria.

7. El aparato de la reivindicacion 5, en el cual la matriz es computada
para cada muestra de la sefial recibida.

8. El aparato de la reivindicacién 1, que ademds comprende un
sincronizador para determinar una posicién de inicio de la parte de la sefial recibida
modulada utilizando el primer tipo de modulacién para establecer sincronizacién.

9. El aparato de la reivindicacién 1, que ademés comprende un
ecualizador para ecualizar la estimacion de canal transformada y una parte de la
sefial recibida modulada utilizando el primer tipo de modulacién.

10. El aparato de la reivindicacién 1, que ademds comprende una memoria
intermedia para almacenar la sefial recibida. -

11. Un método para estimar un canal en una sefial recibida, en el cual
diferentes artes de la sefial recibida son moduladas utilizando diferentes tipos de
modulacidn; el método consta de los siguientes pasos:

estimar un canal basado en parte de la sefial recibida modulada
utilizando un primer tipo de modulacién; y

transformar la estimacién de canal a otra estimacién de canal
correspondiente al menos a un segundo tipo de modulacién.
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12. El método de la reivindicacién 11, en el cual el primer tipo de
modulacién es utilizado para la primera porcién de la sefial recibida, y el segundo
tipo de modulacién es utilizado para una segunda porcién de la sefial recibida.

13. El método de la reivindicacién 12, en el cual la primera porcién es una
secuencia de acondicionamiento, y la segunda porcién es una secuencia de

informacién.
14, El método de la reivindicacién 11 que ademés consiste en:

desrotar parte de 1a sefial recibida modulada utilizando un primer tipo
de modulacién por una cantidad apropiada para el primer tipo de modulacién; y

desrotar parte de la sefial recibida modulada utilizando al menos un
segundo tipo de modulacién por una cantidad apropiada para el segundo tipo de

modulacién.

15. El método de la reivindicacién 11, en el cual el paso de transformar la

estimacién del canal consiste en multiplicar la estimacién del canal por una matriz.

16. El método de la reivindicacién 15, en el cual la matriz es

precomputada y almacenada en una memoria.

17. El método de la reivindicacién 15, en el cual la matriz es computada
para cada muestra de la sefial recibida.

18.  El método de la reivindicacién 11 que ademés consiste en:

determinar una posicién de inicio de la parte de la sefial recibida
modulada utilizando el primer tipo de modulacién para establecer sincronizacién.

19. El método de la reivindicacién 11 que ademés consiste en:
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ecualizar la estimacién de canal transformada y una parte de la sefial
recibida modulada utilizando el segundo tipo de modulacién

20. El método de la reivindicacién 11, que ademas consiste en almacenar
la sefial recibida.
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METHOD AND APPARATUS FOR TRANSFORMING A CHANNEL ESTIMATE

BACKGROUND

Tius mvention relates gencrally to 2 method snd apparatus for channel estrmation.
Maro parbcularly, thus mvention relates to a method and apparatos for transforming a
channel estrmate obtmned for one modulation type to the correspondmg channel estimate
for snother modulation type.

In & commumcation system such as s celinlar commumecation system mnclnding &
tansmrtier, e.g., 2 baso station, and a recerver, .., 8 mobile station or & fixed celiular
teymnal, mformation exchanged betwoen the transmitter and receaver cortams data bits
and synchromzation nts. The mformation 18 modulsted for transmismon.

In some celinlar comnmmcation systems 1t can be an advantage to use one
modulation type dunng a first portion of the transmmtted signal, 6.2, the portion used for
synchronization and chanmel esttrmation, and anothey modulation type for a second
partion of the transrmifted signal, e.g., the portion contammng the data to be transmitted.
Tius allows the modulation types to be chosen for effictent transmstter implementahon.
For an efficient transmtter architecture, an offset 1s typically mivoduced n the
modulstion format. For matence for an 8-PSK signal, the transmmitted signal cam be piven

by
Ty n

=
v, = 01-‘*, k ¢(0,),....7) @
The offsct here means that the symbol consteliation rotates /8 radian between adjacent

symbols. Ths rotation produces a transmitted signal with low peak-to-sverege ratio and
0o zero-crossmg, which allows for an efficsant transmutter architectore.

A
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On the recerver mde, the receaved signal has to be de-rotated 1n order to correctly
detect the recerved symbols. However, due to multi-path propagation of the radio waves,
the rotation of the recerved signals results m a radio channel estrmate that 18 a function of
the offeet rotation.

Information m cellular radio systems 15 typically transmmtted m bursts contmumng a
synchromzation signal, such as a tramng sequensca, and an mformaton sequence. If the
whole burst 15 transmitted with the sams modulation format, there are no negative offects
caused by the channel estmsate baing a fimction of the offset rotation. However, 1f one
modulation type, with a specific offiet, 18 used for the traming sequence and another
modulstion type, with snother offiet, 18 used for the mformation sequence, the chanmel
estimate obtained for the first modulation type mmst be transformed to a correct chanpnel
ostimate for the second modulatan type.

There 13 thos a need for an efficient techmquo algonthm that transforms a chamal
estimats obtuned for one modulation type to the correspondmg charnmel estimate for
snother modulation type.

SUMMARY

It 18 therefore an olyect of the present mvenition to provide an accurate channel
cstimate for a recarved mgnal when different parts of the received mgnal are modulated by
more then one modulation type.

Accordmg to exemplary embodiments, tins and other objects are met by a method
and apparatus for eshmatmg a chennal m a received mgnal, wherein dhffisrent parts of the
recerved signal are modnlated by drifferent modulation types. The chamme] 18 estumated
based on a part of the recerved signal modulated usmg a first modulation type. The
estimated channel 15 then transformed mio & channal estrmate commespondmg to at loast &
second modulation type.
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BRIEF DESCRIPTION OF THE DRAWINGS

Ths features, objects, and adventages of this mvention wall become spparent by
reading this description 1n conjunction wath the accompanyng drawings, m which like
reference numerals refer to like elements and m whuch

FIG 1 1llustrates an exemplary spparatus for channel estimation and
transformation according to an exemplary embodiment of the present mvenhion, snd

FIG 2 iliustrates an exemplary method for chermel estimation and transformation
according to an exemplary embodment of the present invention.

DETAILED DESCRIFTION

For illustrafive purposes, the followmg descoption 18 directed to a cellular radio
commumcahion system, but 1t will be understood that this mvention 18 not so hmted and
spphes to other types of commumecation systems.

FIG 1 illusirates an exemplary apparstus for channel eshmation and
transformation according to an exemplary embodument of the present invenfion. Thus
spperatus can be melnded m a recaver, e.g., a mobile station or a fixed celinlar teermnal.
A rocerved mignal y, from a transmtter, o.g., & base station, 18 down converted to a
baschand signal, ssmpled, with a predefined burst length, and stored m a Buffer 100 The
recaved mgnal y, can be wiitten as.

y.=h°u.+_+l|"u._‘+¢',n=l.-..x K))
wheze K 1a the burst length, & = [A, ..A;] 19 the mdio channel, e, represents nose, and &,
13 the transrmtied symbol at tme &, winch can be grven by the equation.

=y 1=1,2 @

where v/, 18 a symbel from a specific symbol constellation (for mstance a 8-PSK mgnal),
and 6, = 1,2 15 the offset chosen for the present modulation format (for mstance 0, =
/3 for /3 offsct 8-PSK) In the following descniption, 1t 18 assumed that a first
modulation type, with offset 8,, 18 used for a first part of the recetved mignal, e.g , tho

-

]
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trumng sequence, and a second modulation type, wath offset 8., 18 used for a second part

of the recerved mgnal, o.g., the information sequence. The first part of the recerved mgnal

which contmns the trmnmg sequence 18 output fram the Buffer 100 to a Dexotation unit

105 umt that de-rotates the first portion by a factor 6, The output from the Derotation
5 105 umt can then bo written as

0= ey,
“hy® ke T v o ke TD e ®
SHLVO + &, nomgn + 1.

wh:nH_“l = &, bla'ﬁ', ,Il‘c"""]r, o - [vf’. .v_‘?,‘]r , and & 18 & rotated
version of the nouse. Tho mgnal § 18 then fed to & Synchromzation umt 110 that
correlates the mgnal § with the known traimng sequencev™,7 = 1, ,n_ of the

10 commmication system m order to determme wheye the tmmmg sequence begms withm
the recerved burst to establish burst synchromztion. The Synchromzation umt 110 may
be mplemented with any type of conventional synchroszation dovice, e.g., that
described m J Proaks, Digital Commmmcations, McGraw-Hill Inc., New York, 1995 and
WO 96713910

15 Information representing the starting or synchromization posttion of the truinmg
sequeno, together with the derotated mgnal 7%0and the system tramng soquance v+,
are then mput to a Channel Estmator 130 wiuoh estmates the recerved nignsl wath regard
to the first modulstion type. The Bstimator 130 can be implemented wath any typs of
conventional channel eshmator, 6.8, & Least Squares esttmator  The output from the

20 Channel Estimator 130, which 15 an estmate of the charmel for the first modulation type,
H, - ™o, »10 fod to & Channel Transformation umit 135, along with the system
trumng sequence v  The Channel Transformation unst 135 teansforms the estimate
o & channal estrmate that correspands to the secand modulation type, H_, = ).,
An exemplary transform algonthm 19 described m more detail below
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A second portion of the receaved smgnal y,, corresponding to, e.g., the information
sequence, stored 1n the Buffer 100 13 derotated in a De-rotaton umt 120, resuling m a

ngualyf’ whuch can be given by the equations

yP= e Py,
= hp® s kg™ o ke e ®
= HIL'V? +6 , nelmm +n+1, K

where B, = [y ke ™. e ™V, 7@ = p®, vAJ, wnd 6] 18 n otsted
version of the nowse

The channe] eshmate for the second modulation type 1s then mput to an Bquahzer
MObgﬂhﬂ'WﬂhthﬁdﬂUlIhdanmyp The Equahzer 140 can be of
sy kind, for instance & Maxumum Likelihood Sequence Estmator (MLSE) equalizer as
described m J Proaks, Digital Commmnucations. The Equahizer 140 demodulates the
recesved mgnal. From the recerved sequence y, the Bquahzer tnes to find the most likely
transmitted symbols v. The output from the Bqualizer 140 18 the decadsd symbol.

Accordmg to an exemplary embodiment, the channel tranaformation can be
performed m the following manner Assumeo the Chennel Estmator 130 18 of the Least
Squares type. Then, the least squares estmate of H_, , can be wriiten as

mod,
A ) (Fror)

A '(z: v;ﬂ’) H+ [); v;r_f) '[};,‘ v PTe _]
where V* 18 the complex consugste of V, and 7, = [v,,v, ¢ P R hr
As can be scen from Equstion 7, A, 18 an estimste of the chame] that comresponds to
the first modulation type, sinca 1t depends on the offset 8, (through the vectar P,) for this
modulation. However, the relabonshrp between H_dllndlimbewnmnmuﬂmgb

H'-‘I=AH+3 ®

m
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where £ 18 the uncertamnty 1n the estimate, and A 15 given by
- o)l Y. ¥ 4
a=(x7n)* (xww) ®

Since 0 and ¥, are known in advance from the system trmmng sequence, 4 can be
precomputed. Further, from Equation 6 1t can be seen that.

H_'. = BH
1
B = dag (1e™, o™ @
where diag(X) 15 a disgonal matrix with dingonal element X Thus, the relationship
5 betwemﬂ'_.mdﬂ_‘.mbemuu
Hﬂ.- cn = M.lnd' (11)

Both the matrices 4 end B aro known 1n advance, Hence, the (L + 1) x (L + 1) matnix
C = B4 can be precomputed and stored 1n a memory Alternately, the matrrx C can be
computed for cach burst. In exther case, the channel transformation cen be performed

10  with a sumple matnx multiphcation.

FIG 2 illustrates & method for channel estmation and transfigmation sccording to
an exemplary embodiment. The method begms at step 200 at winch s recerved mignal 15
stored m a buffier At step 210, a first portion of the recerved mgnal, ¢.g., the trainmg
sequence, modulated with a firet modulation type 1s derotated. At step 220,

15  synchromzahion 15 estabhished by determunng the starting postion of the trarmng
sequence m the recerved burst. At step 230, channel estimation 18 performed usng the
start pomtion and the derotated trmmng sequence, as well as a known traming sequence of
the commmmication system. At step 240, the channel estimate for the firet modnlation
type 18 transformed into a chammel estimate for the second modulation type. At step 250,

20  asccond portion of the recerved mgnal, e.g., the mmformation sequence, modulated with
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the second modulation type, 15 dexotated. Finally, at step 260, the derotated information
sequence 15 demodulated m an Equalizer umng the transformed channel estimate. The
output of the Equahzer represents the decided symbol of the second modulation type.

It wall be sppreciated that the ander of steps described 13 given by way of example
only, and the order can be changed as desired. For example, the second portion of the
recerved sigual can be derotated st any canventent pamt before equalizstion.

For ease of explanation, the description above 18 based on a signal with one
modulstion spphed to the trmmmg sequence and another modulstion type apphied to the
mibrmation sequence. However, the mvention 1s not so lmmted but may apply to any
mmber of modnlation types used. For example, assume that a first of ths transmatted
signal portion, © g., the trmmg sequence, 18 modulated with modulghon type 1 wmath
phase offiet 0, , a second portion of the transmuited mgnal, e.g., a first part of the
mfbrmation sequence, 38 modulated with modulation type 2 wath phase offset 0, , and
the nth portion of the signal, o.g , the last part of the mformation sequence, 13 modulated
with modunlation type n with phase offset 0, Then, the channel estimate H  for the

mod,
traumng sequenco may be transformed to channel estrmates H_,’. - H_' for each of

the n-1 other modnistion fypes.

This mvention proposes an efficient method to transform a channel estimate
obtamed for one modulstion type to the cormesponding channel egtrmate for another
modulston type. The transform 15 a finction of the offsets used for the different
modulation types and the known traimng sequence, and can therefore be precomputed
and stored m memaory, which allows for an efficient mplementxtion. The transformed
channel egtimate 18 then nsed m an equahver for decoding the received data,

It wall be apprecasted by those of ordinary skill m the at that this mventyon can be
embodied m other specific forms without departing from 1ts essential character The
embodiments described above should therefore be considered 1n all respects to be

illustratve and not restrictive. For example, although described above with reference to
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mobile and base stations m cellnlar communication systens, the mvention 1s apphcable to
other types of commumication systems.

TR AR T ERORE
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WHAT IS CLAIMED IS

1 An apparatus for estmatg a chanmel for a recerved mignal, wherem
dafferent parts of the recerved mgnal are modulsted using different modnlston types,
COmprang.

a channel eshmator for eshmating the chanme] based on part of a roceived
signal modulated usng a first modnlation type; and

a channel estimato transformer for transforming the channel estomate to
enother chammal estimate corresponding to at lesst a second modnlahion type.

2 Ths spparstus of clamm 1, wherem the first modulstion type 18 used fora
first portion of the received mgnal, and the second modnlation type 1s used for a second
portion of the recerved ngnal.

3 The apparatos of clamm 2, wherem the first portion 18 a traming sequence,
and the second portion 15 an mformation sequence.

4, The apparatus of clam 1, further compnising
a first derotator for derotatmg the part of the recerved signal modulated
usmg the first modulstion type by an amount appropuate for the first modulstion type;
and
ot least a second derotator for derotating part of the recerved signal
modnlsted using the second modulahon type by an amount appropmate for the second
modulstion type.

5 The apparztug of clamm 1, wherein the channel estunate transformer
multiplies the channal esbmate by a matnx
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6. The spparatos of clmm 5, wheresn the matnix 18 precomparted and stored 1n
& memory

7 ‘The spparatus of clam S, wheresn the matrix 18 computed for each sample
of the recaaved mignal.

8 The apparatus of clamm 1, further compnsing a synchronizer for
detoommng & startmg position of the part of the recerved mgnal modulated vaing the first
modulation type to establish synchromzstion.

9 Ths spparatus of clxim 1, firther compnsmg an equalmzer for equahuzng
the transformed channel estmate and o part of the recerved signal modulated uging the
second modulation type.

10  Tho apparutus of clamm 1, firther compnmang a buffer for stormg the
recarved mgnal

11 A method for estmating a channel m a received signal, wheremn different
parts of the recerved signal are modulsted uang different modulation types, comprismg
the steps of

estimating a chgnne] besed on part of the recetved signal modulsted wmmg
a first modulstion type; and

tranaformmg the channel estrmate to another channel eshmate
comespanding to at least a second modnlstion type.

12  Tho method of clarm 11, wheremn the first modulation type 15 used fora
first portion of the recexved mgnal, and the second modulstion type 1s used for a second
portion of ths recerved mgnal.
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13 The method of claun 12, wherem the first portion 15 a trusing sequence,
and the secand portion 15 an information sequence.

14  The method of clamn 11, further campnsing:

derotating part of the recezved signal modulated usmg a first modulation
type by an amount sppropmiate for the fimt modulation type; and

derotating pert of the recarved mgnal modulated umng at least 2 second
moduolahon type by +n amount appropriate for the second modulaton type.

15  The method of clarm 11, wheremn the step of trapsformmg the channel
estmats compnses multplying the channel estomate by a matnx.

16. The method of clmm 15, wherem the matrix 18 precomputed and stored m
amemory

17  Themethod of clamm 15, wherem the matix 18 computed for each sample
af the received mgnal.

18  The method of clmim 11, firther compnising:

detexmuning & starting pontion of the part of the recesved mgnal modulated
usmg the first modulation type to establish synchromzation.

19  The method of clam 11, forther comprimng:
equahzng the tramsformed chammel estimate and a part of the received

mgnal modulated umng the second modulation type.

20  Tho method of clamm 11, further compnaing stormg the received signal
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ABSTRACT
Chmelaﬁm:honupcﬁ:medﬂonmwdngnﬂ.whnndtﬁ'ﬂmtmd
the receaved signals are modulated umng different modulation types. The channel 18 first
estimated basod on part of a received mgnal modulated with a first modulation type, This

chameluhm:tunihmhmﬁnmndﬂoad:mnluﬂmnhmdmgbatlaﬂa
second modulation type.
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