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Abstract

In Wideband Code Division Multiple Access (WCDMARAKE receivers are used to capture the
signals approaching with different delays from @iéint paths. The wider bandwidth in WCDMA
provides improved multipath resolution but at ca$thigher frequency selectivity (i.e. higher
intersymbol interference). The different users welh are differentiated by using orthogonal codes.

a highly dispersive environment, the codes no lomgmain fully orthogonal. Hence this results in
interference. In order to improve interference sappion G-RAKE receivers are used. This includes
a RAKE plus a combiner (RACOM). The despreaded agrirom each finger of RAKE are
combined using weights such that the interfereaaminimized while maximizing signal power. In
this thesis, theoretical derivation for Maximum élikood (ML), Minimum Mean Squared Error
(MMSE) are studied for SISO system and then extfioieMIMO system.

The latter part of thesis involves benchmarkingoapte of different practical equalizers to identify
potential areas of improvement compared to ideahkzpr. The ideal equalizer is designed with
perfect knowledge of propagation channel. The ctipeactical equalizer is evaluated mainly at three
points, the number of fingers required, loss in atigar performance due to fixed point
implementation of receiver algorithms and the gapperformance between genie and practical
equalizer implementation. The equalizer performanees benchmarked based on the following
parameters — throughput achieved in various enwiss, the SNR at receiver after the RAKE and
the Block Error Rate (BLER). From the thesis stuidywas found out how the different practical
equalizers perform when compared to each othetagdnie, proposals were made as to the number
of fingers to be used and on how to improve theuyghput of practical equalizer. The thesis points
out the limitation of the evaluated practical eigeak in a MIMO system. The thesis also describes
the loss due to float to fixed point conversion amel performance gap between genie and practical
equalizers.
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List of Abbreviations

3GPP
WCDMA
UE
Node B
CPICH
MIMO
HSDPA
kmph
FRC

MMSE
ML
MUI
ISI

Equalizer type
G-RAKE

P-GRAKE
NP-GRAKE
RD-CPICH

G

G_15

G_unused

P 15

P_unused

Simulation parameters
HSPDSCH_GRAKE

pedestrian B 3 kmph

CQl G

Third Generation Partnership Project
Wideband Code Division Multiple Access
User Equipment.

Base station in 3G is called as Node B.
Common Pilot Channel

Multiple Input Multiple Output
High-Speed Downlink Packet Access
Kilometer per hour

Fixed reference channel

Minimum Mean Squared Error
Maximum Likelihood

Multiple User Interference
Inter-symbol interference

Generalized RAKE.

Parametric G-RAKE.

Non Parametric G-RAKE.

Equalizer with data correlation matrix estimatednf despreaded
data symbols and channel estimated from CPICH.

Equalizer with genie channel estimates, genie en@evariance
matrix and ideal front end. The noise covariancé&imé calculated
as in P-GRAKE.

Equalizer with genie channel estimates and ideailtfend. The data
correlation matrix is estimated from despreadech datmbols at
RAKE finger outputs and averaged over all codes.

Equalizer with genie channel estimates and ideaitfend. The data
correlation matrix is estimated only from unusedegunused code
is channelization code where no data is transnitted

Equalizer with channel estimates from CPICH andhdatrrelation
matrix estimated from all codes. This has non-idiesdt end.
Equalizer with channel estimates from CPICH and Tdwa
correlation matrix is estimated only from unusedeorThis has non-
ideal front end.

Indicates the physical channel used for transmgittdata (HS-
PDSCH) and number of antennas at receiver, equall.to
HSPDSCH_GRAKERdicates two antennas at receiver

Indicates the type and speed of propagation chahae is being
simulated.

Indicates the CQI table to be used in simulat©@! table maps the
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max_cfn
hsscch_channel_number
hsscch_channelisation_code
S

Ec lor P_SCH_dB

Ec lor S SCH_dB
trueSNR_use

fix

isi_canceller_type
preset_code_list
wce_inv_method
max_nrof_fingers_rd_2rx
max_nrof_fingers_rd_1rx
max_covariance_matrix_siz
e

nrof_combined_fingers

total_nrof despreaders_ava
ilable

Ec_lor HS _PDSCH_dB
Ec lor HS _SCCH_dB

lorloc_dB
max_nrof_trans_attempts

delay_dispersive_mode
aCQIl_force_table
aCQl_table_offset

aCQl_fixed_table

different CQI values to modulation format, numbécleannelization
codes and transport block size.

Indicates the number of frames to be simulate¢hHeame is 15
slots and 10 ms in duration.

Indicates which HS-SCCH channel is intended ferus

Channelization codes to be used in HS-SCCH channel
Portion of total transmit power allocated to P-S€tdnnel.
Portion of total transmit power allocated to S-S€tdnnel.

Flag to turn on/off true-SNR calculation.
Flag to switch between fixed point and floatingmp@perations.
The type of equalizer used in receiver.

Lists the unused codes i.e., channelization cadgsh are not used
to transmit data.

Indicates method used for inversion of correlatioatrix, value of
‘3" is for cholesky inversion and ‘4’ for ideal ievsion.

Maximum number of fingers to be used for recewvith 2 antennas.

Maximum number of fingers to be used for receivith 1 antenna.
Maximum number of rows or columns for covariancenix.
Number of equalizer taps.

Number of despreaders (correlators) required.

Portion of total power allocated to HS-PDSCH clednn
Portion of total power allocated to HS-SCCH chadnne

Ratio of total transmit power to noise power iidels.

Maximum number of transmission attempts made bgeNB for a
corrupted transport block before dropping that kloc

Set to ‘1’ for dispersive channels and set tofy non-dispersive
channels.

Set ‘1’ to disable SIR to CQI tuning during sintiga. Set ‘0’ to
enable SIR to CQI tuning during simulation.

Defines the offset to be added to SIR values R t81CQI mapping
defined in aCQI_fixed_table.

Fixed table which maps SIR to CQI values.



aCQl_target BLER Target BLER for which SIR to CQI values are adagiivtuned
during simulation.

aCQl_thr_adjust Indicates the value in decibels by which the SIR be adjusted for
a particular CQI which is showing very high BLER.
aCQIl_BLER_window Is the tolerance for target BLER for a particul@I®efore the SIR

value will be moved for that CQIl. This means thghamic CQI
threshold will not be adjusted if BLER for partiaulCQI is between
(aCQI_target BLER - aCQI_BLER_window * aCQI_tardgtER)
and (aCQI_target BLER + aCQIl_BLER_window
aCQl_target BLER).

type_A Set type_A = 0 for single stream MIMO simulati@et type_A =1
for dual stream MIMO simulation.

hsdsch_scheduling_mode  To set follow CQI or fixed reference channel sintioka.

hsdsch_tfrc_sequence TFRC (Transport Format and Resource Combinatiormesponding
to CQI index to be used for transmission from NBde UE.

hsdsch_scheduling_modeB To set whether to use preset weights or weightechas feedback
from UE for MIMO simulation. The weights are usexdcale data
streams and combine them before transmitting fracheransmit

antenna.

mimo_tx_modes Indicates which combination of preset weights taubed for MIMO
simulation.

Mathematical notation

a a is a vector (column matrix)

A A is a matrix

(A); Element ai™ row and j™ column in matrixA .

* Convolution operator

E{} Expectation operator



1 Introduction

Wideband Code Division Multiple Access (WCDMA) iket transmission standard used in third
generation (3G) of mobile telecommunication systémrelease 5 of 3GPP specification, a new
downlink transport channel, the High Speed Downlsfiared Channel (HS-DSCH) was added to the
WCDMA specification [1].

HS-DSCH supports higher order modulation, fast ladaptation and fast Hybrid ARQ with soft
combining [1]. HS-DSCH enables transmission in QPBKQAM or 64 QAM depending on channel
conditions. This allows for higher capacity. Fask adaptation refers to the capability to adjust
transmission parameters based on instantaneous-alaainel conditions. The UE measures the
instantaneous radio-channel conditions and repoasisk to Node B. The Node B adjusts the
transmission parameters based on UE reports. Thdations in this thesis were done for HS-DSCH.

The large bandwidth of WCDMA systems translatea smaller chip period which increases
multipath resolution [2]. A RAKE receiver is useda tap the signal energy from different paths.
Equalizer design for a RAKE receiver refers to taculation of weights used to combine the
despread values produced by RAKE fingers. Inteniegeat each RAKE finger consists of
interference from symbols transmitted by other sig@Ul), inter-symbol interference (ISI) and
filered AWGN noise. The RAKE receiver is called@GRAKE (Generalized RAKE) when the
combiner weights are designed to maximize signallewminimizing interference. The thesis
discusses two methods of equalizer design, MMSHodeand ML method.

In this thesis, we study and evaluate the perfoomanf equalizers in HS-DSCH against genie
equalizer. Here genie equalizer refers to equalizgh ideal propagation channel knowledge.
Extensive simulations were done in a WCDMA simualatbench used for commercial purpose. The
performance of equalizer were studied to understand

- impact of more number of RAKE fingers

- loss in performance due to floating point to fixmmnt conversion and

- gap in performance between genie and practical.

The thesis is arranged as follows, second chafeRAKE equalizer' deals with theoretical

derivations of WCDMA equalizer. The expression égualizer weights are initially derived for non
MIMO system and in the second part of second chdpteresults are extended for MIMO system.
Parametric and non- parametric approach to equalesign are also included in the derivations.

The third chapter ‘Equalizer evaluation’, contaifescription on simulation parameters, definition of
different equalizer types used for evaluation amal dimulation results. The chapter includes results
for both non MIMO and MIMO system. The chapter alssludes the analysis based on the
simulation result and proposal as to improve theuphput performance.

The fourth chapter is the last chapter and it suria@s the results from the thesis study.



2 G-RAKE Equalizer

In this section we analyze the G-RAKE receiver aidly in detail the derivations involved in finding
the combiner weights. Initially the derivations dane for non MIMO system and later the results are
extended for MIMO system.

2.1 Non MIMO system

2.11 Communication system
RRC filter DAC
symbols (pulse shaping) g
Scrambling
codes
Channelizatior.
code
G-RAKE
— A
ADC || RRCfiter | | RAKE | | Combiner |, symbols
(matched filter) (despreading
Combining

weights

Figure 2.1: Block diagram of WCDMA transmitter (above) and receiver (below)

Figure 2.1 shows a simple block diagram represgrtie basic transmitter and receiver blocks of a
WCDMA system. At the transmitter, the symbol strelaom each user is first multiplied with user-
specific channelization code and then with basgost&pecific scrambling code to convert to chip
stream. The chip stream is then passed througloaRsed Cosine (RRC) filter to limit bandwidth
occupied by the transmit signal. The pulse shaged sequence is then interpolated and carrier
modulated before transmitting through antenna.

At the receiver side, the RF signal is carrier deatated and down sampled to retrieve the baseband
signal. The baseband signal is then passed thrmagbhed filter (RRC filter) which improves the
signal to noise ratio. The output of RRC filterpigssed through G-RAKE to decode the transmitted
symbols.

Figure 2.2 illustrates working of G-RAKE. G-RAKE msists of two blocks — RAKE and Combiner.
RAKE taps signal energy from different paths in @ltipath channel environment. Each sub-module
in the RAKE is called ‘RAKE finger'. Each RAKE fimy consists of a despreader unit that correlates
the spreading code (spreading code refers to thdupt of channelization code and scrambling code)
to a different delay of the received signal.
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The different RAKE finger outputs are weighted aswimbined in combiner block. In G-RAKE
receiver, the weights are calculated such thaintieeference is minimized while maximizing required
signal [2]. There are two important methods of giting the weights — MMSE and ML method.

RAKE COMBINER

A — A —

y(®

»| Delay (i) Despreader
» Delay (b) > Despreader
»| Delay (b) Despreader

Figure 2.2: G-RAKE block diagram.

2.1.1.1 Channelization code and scrambling code

The channelization codes are user specific ancbdh®gonal to each other. Channelization codes
help in separating symbols from different useneeaeiver.

S SFif i= ]
(ch) (=
;c. (Nd®(n {Oifiij )(1

Here (:,(Ch) stands for channelization code fof user and SF stands for spreading factor. The
channelization code entries can take any valdd in

The scrambling sequences are quasi-orthogonal nasdguences of length 38400 chips. Scrambling
code is same for different users transmitted framesNode B but it varies between different Node B.

1 g =1ifm=0

384002 (¢ (m)(¢=*((n~ m moa8400) *= {: e 0

Scrambling sequence does not spread the chip sesmaay further but it will only scramble it by

+1+
multiplication. Scrambling code can take any vahJe_ﬁ.

NG
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2.1.2 Signal model

In this section, we derive the statistical signadel for output from each fingey,. This signal model

will be used in later MMSE and ML derivations. Figl2.3 shows how the transmitter processes the
symbols from different users before transmissiot ow transmitted signal is affected by channel.

The i"™ symbol from k™ users,(i)is multiplied with spreading code d" userG, to obtain chip
stream fork™ user. Chip stream is scaled |Q/</E_k where E, is the energy allocated " user.

Here spreading codgis taken as the product of channelization codesanambling code. The chip

streams from all users are added together and phgged and transmitted. Since the channelization
codes are orthogonal it is possible to separateytimols from different users at receiver.

Signal transmitted from base station can be reptedas,

K )

x®=3 > JEG(N {t-nT)
E, is the symbol energy fok™ user.

C. is the product of the symbol, channelization cadé scrambling code fde™ user.

p(t) is the RRC pulse.
N is the chip index.

Here the symbol transmitted fd" user is absorbed into the varia@le This is to simplify later

calculations. TheD™ symbol for k" user s (0) is contained in chips, (0) toc, (SF-1), where SF
is the spreading factor.

Transmitter Channel

A —

n(t)

0 P g 'Y

5 (1

Figure 2.3: At transmitter symbols from K different users {S(t) S,(t), ..., S (t)} is multiplied with

orthogonal Code{Cl, Gy q<} , scaled by the energy values, summed together apdise shaped using
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RRC filter p(t). The signal at transmitter output X(t) passes through multipath channelh(t) and
AWGN noise N(t) gets added to it.

During the derivation we assume that correlatiotwben chips is 1 only when chips are from same
user and has same index. In all other caseszérs

Y 1ifn = dk =
E{cki(n)%(r;)}={'q " andie =k,

) 3
0 otherwise

Delay (1) +—»

A 4

A 4

—> p(—t) > Cl

A 4

Delay (5 —»(X)—>
*
C

Figure 2.4: At transmitter symbols from K different users {S(t), S,(t), ..., S (t)} is multiplied with

spreading code{Cl, Gy q<} , scaled by the energy values, summed together apdise shaped using
RRC filter p(t). The signal at transmitter output X(t) passes through multipath channelh(t) and

AWGN noise N(t) is added to it.

This follows from the property of scrambling code®d channelization code. i, # n,then by the
property of scrambling codes (scrambling codespmeudo random sequences) the expectation is
equal to zero. Whem =n,, andk; # K, i.e. same index but different users, we considersymbols

from different users to be uncorrelated with eatttenand hence the expectation is zero. When we
correlate for same chip index and same user, #miitris equal to 1.

Figure 2.4 shows the implementation of G-RAKE reeeiwhich is setup to decode the symbols for
1% user. To decode symbols frori dser despreading is done usiag From figure 1.4, the signal

received at UE ig (t) is given by,

r(t) =x(t) = h(t) + n(t)

where X(t) is the chip sequence transmitted from Nodéh@) is the multipath channel ama(t) is

white Gaussian noise with power spectral denblgy Multipath channeh(t) can be expressed as

13



h(y =3 ha(t-1)

where h is the channel coefficient in pathand 7, is the delay introduced by path Substituting
h(t) in r(t) gives us,

()= hx(t-1)+n()

r{t) passes through matched filter (assumed symmg(ict) = p(t)) and at the output of matched
filter we get,

L

=33 SUENG() R(Er,- n)+ 0 @

k=1 =1

=}

=—00

here Rp(t):f; p(t+7) fr) dr is the autocorrelation of the RRC pulse shape and

At) = J._Z n(9 [ s } deis the noisen(t) after passing through matched filtpf—t) .

At the output of fingers we gdty, Y, ..., ¥;} which are the despreaded symbol values at differen
delays. Let’s consider the output &tfihger which correlates the spreading sequende tivé input to
RAKE at delayt,. The output at“ifinger can be expressed as,

SF-1

Y= 2 Yt +mT) ¢

which is RAKE despreading using spreading codedipcb of channelization code and scrambling
code) C, starting at timet,. Substituting expression foy(t) into expression fory, and after
simplifying we get,

V=Y VEY Y G(m Em R+ (D)
SVEYNY 3 a(e(mB(&r+(m nJ+  fem2
Silﬁ(tﬁ mT) ¢(m ..(term 3

Here term 1 in equation (5) is the desired sigrahmonent yl(d) and term 2 represents the

Intersymbol interference (ISI) and Multi-user ifiegence (MUIy™Y' "'V Term 3 is the noise

14



(noise

Y1
first finger y, can be expressed as,

, Which has now been spread due to multiplicatidaih whe spreading code. So the output at

= yid) + yiMUHISI) + >;lnois,e (6)

In this the desired component can be simplifiedthy property of channelization code given in
equation (1) and of scrambling code given in egua(?). From m=0 to (SF-1), will contain the

symbol §,, which is the symbol transmitted at tin}@, (SF)(T)] . Therefore,

K SF-1

e (ME(m=(SH 9 7)

k=1 m=0
On substituting equation (7) into equation (5),ye¢

L

%, =VE(SP 83 hR(it-7)+

2ANEZND X G0 E(m BT +(m g+ ®)

1=1 m=0 n=-co
n#m

SF-1

2. At +mT) g(m

m=0

If we examine the first term, we can find that wavé retrieved the symbol sent for user 1 at
time[O, (SF)(T)] . If we choosd; such that it is equal to any of the path delgaysthen we have

y{d) :a%ho F%(O)+O’ %Z h E)Q(lt_ﬂ)

T, %t

where @'is a scaling factoer(t) attains peak value a@t=0. Let's define the net propagation

channelh™', which includes the transmit RRC filter, multipathannel and receive filter.

()= "R (t-7) (©)

To formulate a generic signal model, the outpdinger j can be expressed as

- yﬁd) + ijUIHSI) + %ndse) (10)
where,y! = .[E (SP H(1) s

15



SF-1

(ISI+MU|) _zrz z G(Nc(m A% tH(m nl

m=0 n=—;o
SF-1 .
y =2 At +mT) c(m
m=0

The expression for output at finger j (equationf@n be simplified as follows,
y;=hs+n (11)

where hj is the product of a scaling factor and the neppgation channel which includes transmit

and receive RRC filter,
S is the symbol transmitted at tinj@, (SF)(T)] and

n, = YWY+ 4989 s the sum of interference due to other symbalssimitted from serving cell
(ISl + MUI) and noise.

2.1.3 Non parametric MMSE based equalization

From equatiorf11) we have the statistical signal model; the outpdinger j can be expressed as
y,=hs+n (12)

We intend to find the weight;, which is the weight applied to thjath finger such that signal to
interference  ratio is maximized. The MMSE method ig0 find weight

:[W_M e W e wv,]Tthat minimizes mean squared difference between ctirabined

weighted despreaded symbois\y"'y ) and the transmitted symbay).

On solving the expression (appendix C), we get

M
2 WEY M =Esy (13)
j=—M

We can further simplify the right hand side of eipra(13) by substituting equation (12) as follows,

E{sy} = § g hst 0} = MESs+H{ Bk,

where we have used results that transmitted symelnormalized%sg =1) and that symbols and

noise are uncorrelateds{ s, n} =0 ).

16



Equation (13) reduces to,

2 WEY ¥ =h (14)

=M

where k varies from —M to M. Expressing the equa{it4) in matrix format,

w=(R,)*h (15)

W:[W—M e W e %]T
[ r@ -« r'M) - r (M)

R =E{yy}=rM) - r(0) - r'M) |wherer(j-k)=E{y;y}=r(k-)

_r(2|\/|) r(M) r(O) |
h:[h_M e By e m]T

Here Ryis the data correlation matrix which is calculabgdfinding the correlation of despread data

symbols observed across fingers. In practical implatation the data correlation matrix is filtered
across slots to smooth out noise.

filt currentslot - fiIt,prevsIot+ _
R AR| 1-MR, (16)

R;" e is the filtered data correlation matrix for curresibt used to calculate weights for

current slot.
R, Pe=is the filtered data correlation matrix for previasiot.

R, is the data correlation matrix calculated for cotrsiot by correlating despread symbol across

fingers.
A is the filtering parameter that depends on Dopgpeead.

2.1.4 ML based equalization

Considery :[371 Y, - S/J]T to be an observation or realization of set of desgp symbols at

output of J RAKE fingers. Through maximum likelihood method imend to find symbols, that

maximizes the likelihood of occurrence gf. From equatiorfl1) we have,

17



yj=hsg+n
To proceed with maximum likelihood estimation, wavé to fitgl to a multi-dimensional probability

distribution. A suitable choice is the Gaussianbptulity distribution which is simpler to manipusat
and contains few parameters to estimate. Probabiltribution function ofy is,

exp(—(v hs J'R;* 6/ - h%)j

p(y:hg,R,)=—FF— i 1
(2m)?R§
where R, = E{Af"}, n=[n n]' andh=[h - B]". The likelihood function can be

expressed as,

(2m)?R¢

exp(—@ hs YR G- h%)j

To find §, that maximizes the likelihood function, take dative of logarithm ofL(s, | ¥) with

respect to, and equate to zero.

%IOQ(L(%IV)FO 17)

0 Ny 0 o H 1IN (o —
g|og(L(so|y))—£((y hs)' R;HE-h )

:ai{ZZ(Rgl)ij ()7,* - h* %)(3{ - Iﬂ §)J
S = (18)

i=1

= (=233 9% - 5 and®® -

i=l j=

=(=2)(y - hSo) R.HM)

Equating equation (18) to zero we get
$*=(h"RN)7y"Rh

If we ignore the scaling factqih"' R *h) ™, we get

s =(R,/h)"y (19)

which is of the form,
18



$=w"y (20)

where W:[W1 WJ]T is the weight vector used to combine the finger

outputsy =[¥, ¥, - S/J]T.

From equation (19) and equation (20)

w=(R,)"h |. (21)

Equation (21) gives us the maximum likelihood folation of finding the combining weights. On
comparing with weights found using MMSE method @tpn(15)) we can see that the only

difference is in type of correlation matrix usedL Mhethod uses the noise covariance makjx but

MMSE method uses the data correlation méﬁrp(

In ML method, we can finR , parametrically (i.e. expres®  as function of different parameters and
we substitute the values of the parameters toRindor non-parametrically (i.e. we estiméel, from
the despreaded pilot symbols). R, is found parametrically such an equalizer impletagon is

called Parametric GRAKE (P-GRAKE) and iR ,is found non-parametrically, the equalizer
implementation is called Non Parametric G-RAKE (8RAKE).

2.1.4.1 Parametric G-RAKE

Let's expresy J;, ],) elementinR, as
(R),;, =E{n,n} (22)

where n.,n are the noise component(given in equatior{11)) for fingers J; and j,. Expanding

n.,n, based on equati¢®),

SF-1 o

”jlzi\/glihlz 2 a(me(m ROt-7, +( - p J+

k=1 =1 m,=0 n=-c0
m#m
SF-1 .
D At +mT) ¢(m)

m =0
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Substituting into expressions forjl, n, into equation (22),

)i, = szZquz i R(t-7,+(m- D) Rt-7,+( ; h.)

=1 my,m;=0ny,nF—oo
e
HE(ndAmY o ¢t ...(nterference term) (23)
+ Sf Hit +mD T L+ mJ} {EC Wic)m  ..(noise term)

m, m=0

where we have omitted terms with expectation otipod of symbol and noise since those terms tend
to zero as noise and symbol are uncorrelated. Wenmmake a reasonable assumption thatifct n,

andm # m,

litm=m,n=n, k=k

. (24)
0 otherwise

E(e () &(m ¥ 1) o ng}:{

This simplification does not directly follow fronmé assumption made in equation (3). However, if
we assume that, (n) and ¢, _(n,) to be independent if, # n, or k # K, then expression (24)

becomes reasonable. So the interference term mtiequ23) reduces to,

=YEXAES S R A D BEn,+(m 0
=P E, Z Y R(L-n+ D B t-n,+ Ay (25)

or

L

=(SP1L Y I Y R -5,+ nDR.(L, -7, +nD)

I, is the total transmit power at Node B. Let’s cossithe noise term in equation (23). Referring

back to equatio¥) expandfi(t) in equation (23),
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E{At +mD T+ mJ) %(.[: (Ns(ps,t MT }({;( na py - szT)*%‘U

p(s=t,-mD p(uw £~ mJ E@s 0 dsdu

1]
é'—:S
—8 fe—ys

=N, [ pu-t,-mD e t-mIdu (v E OB B(-s)

=NR((t, —t)+(m-m) )

E{c(m) ¢( m} Lonlyif m= m
Noise term simplifies to,

SF-1 SF-1

>, Bt +mDT(+mI} £€ Mlc W= 3 NR(L, 1)

my, m,=0 (26)
=(SHINR, (1, - t,)

Substituting equation (25) and (26) into equati@®) (we get simplified equation fc(Ru)j1j2

(R, =(SH I, > h i i R, (t, =7, +nT) R(f, -7, + nD)+( SF BR(t, -t;)

I1,=1 n=-c
nz0

(27)

Writing equation (27) in terms of net propagatitwawenel as given in equatig),

(R,),, =(SP I, 3 (4t +rm)) (h™(t, + nD)) + N(SAR.(t, ~t)|  @9)

n=-—oco
n#0

Equation (28) gives us the parametric expressiorﬁ%)j1j2 . In practice, the net channel coefficients

(h”et) can be estimated at the finger delays and ottleyd spaced an integral number of chip periods
from the finger delays by despreading and smoottiiagilot channel at those delays.

2.1.4.2 Non Parametric G-RAKE

Since pilot symbols are known at receiver, we cemthem to estimate noise correlation matrix. We
can model the pilot channel as (refer to equatidy)),

Yi :h,-nﬁr] (29)
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where [, is the pilot symbol. From equation (22) we have,

(R),;, =E{n,n}

* filt,currentslot x filt, currentsloty* (30)
= (Y, R = 0y, R I )

where hjﬂlt currentslot

is the filtered version of the sampIgTsp; for the current slot

hjﬁlt currentslot — /‘h ( yj p*)) + (1_ /]h ) hfilt, prevslot

h filt ,prevslot
j

where A, is a filtering parameter is the filtered version of the sampleg p0 for the

previous slot.

2.1.5 Comparison between weights obtained using MMSE and ML
method

From equation (15) and equation (21) we have

Wywse = (R y)_lh

. (31)
Wi =(R,)"h

We can prove that the weights derived using MMSEhow (W,,,se) and ML method ,, ) are

equal up to a scaling constant. Let’s first exsﬂés, in terms of R,

R, =E{yy"}
=E{(hg +n)((h" g +n")}
=hh" +hE{n"s} + En§ h" +{Enn} (4 $2)
=hh" +R, (Enf's ¥ Oan&En{s ¥0)

Taking inverse oIRy,

(R,)*=(R, +hh")"
=(1+(R,) ") (R,)™ ¢ AB Y=BTA™

ab"

1+b"a’

Using property(l +ab")™ =1 - wherea=(R,)™"h andb =h are vectors.

_(R)ThR"(R)™
1+h" (R,)7h

(R, =(R,)™ (32)
Substituting equation (32) in equation (31),
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Wmse = R_ylh
(R)™*hh" (RY*h)
~1+h(R,)*h)
WMLhHWML
1+ h"w,,

=((R,)™h)

ML

— W
H
1+h"w,,

where 1+h"w,, is a scalar quantity. Thus idealW,,,sc and w,, are scaled versions of each

other. But later in simulation section of this repae can see that the results from MMSE and ML
method show considerable difference.

2.2 MIMO

In MIMO systems we use multiple transmit and reeeintennas to increase data rate. HSDPA uses
2x2 MIMO. MIMO system can be configured to beanniodata, increase diversity or spatially
multiplex data depending on SNR.

For a typical channel capacity pldE, =log, (1+ SNR capacity slope is steeper at low SNR and the

curve flattens at higher SNR. So an increase irived SNR at lower SNR region will translate to
higher increase in achievable data rates. Rec&W#l at low SNR region can be increased by beam-
forming (same data transmitted from both antenndswlth phase offset) or diversity (Space time
coding) techniques. At higher SNR region, capaciiyve is almost flat, so increase in SNR gives
only smaller increase in capacity. At this regioe, can utilize multi-stream transmission sinceilt w
divide the available SNR into several data stremmieasing the data without bandwidth expansion.
In medium SNR region which is the SNR in many commdeployments e.g. urban and sub-urban
macro cells, a mixture of beam forming and spatialtiplexing is used.

For MIMO operation HS-DSCH channel, either singleeam or dual stream transmission can be
applied. In single stream transmission, the saata dontent is weighted differently and transmitted
from both transmit antennas. In dual stream trassiom, which is a mixture of beam forming and

spatial multiplexing, two parallel streams of datee transmitted simultaneously from transmit
antennas. Figure 2.5 shows how MIMO is implememéddS-DSCH. Other down link channels may

be transmitted using transmit diversity, e.g. ST(Epace Time Transmit Diversity) or TSTD (Time

Switched Transmit Diversity).

UE determines preferred precoding vectok, (w.) and signals it to Node B [5]. The weights are
determined as follows (Section 9, [5])

1 1+j 1-j —1+]j —1—j}
W, =w =— andw, =-w, wherew,[ . , ;
=W NA ) W, ew, { 5 5 5 5

The weights make the streams transmitted from aatemrthogonal to each other. UE determines
CQIl and feeds back to Node B.
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\Ml 1) P-CPICH,,DPCH.
stream 1—p{ Channel L »| Modulation [3| Spreading _
encodin Scramblin v 21

Channel Modulation Spreading 12)
stream 2 encodin > > Scramblin

Vv(2,2) F-CPICH,,DPCH.
Figure 2.5: MIMO implementation at transmitter in H SDPA.

In this section GRAKE derivations are extendedafddultiple Input and Multiple Output system.

2.2.1 Signal model

We model the different data streams as differegsighl channels. Different modes considered in this
derivation are,

- Single stream: Data from user is spread using sfsecific spreading code and then sent with
different weights from two transmit antennas.

- Dual stream: Data from same user split into tweastis, spread using same user-specific
spreading code, weighted and added together bstding simultaneously from the two
transmit antennas as shown in Figure 2.5.

The data transmitted from transmitter can be eggess,
K o S(K-1

xXO0)=Y> > JEWWEHI(D gt nD

k=1 n=-c0 =0

gtransmit antenna indeX is user indexn is chip index ands is stream index.

S(K) is the number of streams f&" user . For single and dual stream transmiss&{i) is 1 and 2
respectively.

Clﬁq's) is the product of symbol, channelization code ardrabling code fors stream ofk™ user is
transmitted throughqth antenna. Let's denote, as the product of channelization code and
scrambling code and this is the same for both stsed” contains symbok® (symbol sent by
k™ user in stream 0 in timf, SF* T] ) and & contains symbok\” (symbol sent byk™ user
in stream 1 in timg0, SF* T] ).

E, is the energy assigned k' user.

p(t) is the transmit pulse.

Wliq’s) is the weight applied ts stream transmitted frorq antenna fork™ user.
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Figure 2.6: Transmission of data through MIMO chanrel and RAKE despreading at the receiver across
two receiver antennas to recover symbols transmitteby 1% user.

Figure 2.6 shows the RAKE despreading for MIMO cielrio decode symbols sent froffuser. We
can derive an expression for output from each RAiIK&er output as we did for non-MIMO channel.

The output at'] finger can be expressed as,
y, = OO+ P 39
where,
2
h® =(SPY JE B2 ( 1) W, ris index of receive anten
q=1
2
h® =(SHY.JE HI(1) W
g=1
2 K 00
n; = ZZ\/E Z

K
g=1 k=1 m=0 0o =0

nzm

SF-1

GV R +H(m D r)er_‘,”(nfr my ;€ m

SF-1 S(k)

s symbol sent byk™ user in stream 0 in tim®, SF* T]
s (symbol sent byk" user in stream 0 in timk®, SF* T]

The MIMO signal model is essentially same as No&Isignal model. If we are decoding symbol
sent in first streans”) then symbol in second stream is considered aorandriable and is added
to the MUI and ISI terms, which gives us the foliogvsignal model,

y, =h¢%+n (34)

Equation (34) is same as equation (12) for the MINO signal model. So MMSE and ML
formulations retain the same expression as Non MistGMIMO.
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2.2.2 MMSE

Weights derived using MMSE method to decode firstzsn S is given by

w?=(R,)"h (35)
and weights to decode second stregithis given by

w®=(R,)"h (36)

where W =[w(¥...w9...wW? is the weight vector used to combine finger output
Y =[Y_,; Yo Y,;] inorderto decods stream,
Ry=E{yyH}is the autocorrelation matrix of despreaded fingesutputsy, and

h® =[S, ---K..- K] is the distortion factor of symba&® as given in equation (33), due to the
propagation channel.

2.2.3 Maximum Likelihood
Weights derived using ML method to decode firstamn s is given by
w® = (R, +h®(h®)") Y (h{”)" (37)
22

Similarly to decode second strezsfY

w® = (R, +h?(h)") (")’ (38)
RY

n=[n:--n,] where N, is the sum of MUl and ISI at each finger as giireequation (33).

R, =E{nn"},

h® =[h{®...h{7]is the distortion factor of symbok® as given in equation (33), due to the
propagation channel.

2.2.3.1 Parametric G-RAKE

We can express the noise at each fingeas follows,
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=JE Zj::mé‘*”(mw’ HO(p+(m 0D A ;0 .(user 1data stream 0)
+ﬁi:i:§ EO () WOt +(m- 3D ...(user 1ada stream 1)
+ig\/ﬁzisﬁj &I (WS HI(t+(m- ) D A i ..(data streams from other us
+Siln(tl +mT) ¢(m ..(noise)

Using following assumption, which does not assufi€[sencoding,

: : 1, ifm=m,n=n, k= k, s=
ECE () ¢ m($( ) g(n;}:{ e RS kST s

0, otherwise

the noise covariance matrix to find symbﬁi) can be expressed as,

(Rfo))jljz E{n, 1}
=E(SP i (W) (W) KOt +n D HO(t+n ]
+E(SP i S () O+ D ) @9

HSPY E Y 33 ()W) Had (1, +nT) K2 (g, +nT)
k=2 0, Q=1 n=—c0 s=0
+HSHNR(L - 1)
2.2.3.2 Non parametric G-RAKE

Non parametric G-RAKE as given in equation (30) fion MIMO can be applied for MIMO. The
noise covariance matrix to decode stream 0, isngye

(R”),;, =E{n,n}
=(y, (&) - H)(y () - @)

whereh” is the mean ofy, (%) andh{” is the mean ofy, (§”)".
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3 Equalizer evaluation

3.1 Simulation Setup

Simulations were done in STE’s advanced in-housaulsitor which is implemented in C++ and
allows us to simulate equalizer performance in OEdifferent base station parameters, channel and
equalizer settings. In the simulation environmerd,can choose the type (dispersive/ non-dispersive)
and speed of channel. The results from the sinmmatan be analyzed to find throughput, SNR and
BLER which helps in quantifying the performanceeteiver.

The simulation environment takes its input fronoatcol file, which is a Perl script used to configu
the simulation parameters. In the control fileghetest case is identified by a simulation indeg &n
contains the simulation parameters describing thenigel condition, modem settings and output
parameters. Test case refers to simulation witla th@ing sent to and fro from Node B to User
Equipment for a number of frames for the propagativannel defined in the test case. For example, a
particular test case will be to run the simulationPedestrian B channel at 3 kilometer per houih wi
lorloc 20 (PB3-20) for practical equalizer for 20@@mes. Once the simulation is finished we analyze
the output parameters to compare the equalizeomesihce. The various simulation parameters are
discussed in detail later in this section.

3.2 Understanding Genie and practical equalizers

Genie equalizer is assumed to have perfect knowlatfgpropagation channel. The genie noise
covariance matrixRR ;) is calculated parametrically as shown in equ#8))

(R)),, =(SP 1, 3 (1, +n))(Ie(t, + nD) +( SENR, (1, -t,)

n=-—oo
nz0

The net channeh™(t) used for simulation is known at the receiver imigemode and this exact
value is used for calculating noise covariance imaftihus we have perfect knowledge of propagation
channel while calculating,. The combiner weights are calculated using eqogib,

w=(R,)*h ,whereh=[h -~ h]" can be calculated froh™(t) .

h =(SPE H(p)

R,and hcalculated from idealh™(t) knowledge are called genie covariance matrix angiege

channel estimate respectively. Genie equalizer gexse covariance matrix and genie channel
estimate.

Practical equalizers considered are combinatiomlath correlation matrix and genie or practical
channel estimates. Practical equalizer implementas based on MMSE method as given in equation
(15)
— -1
w= (Ry) h

There are two different methods of calculaiﬁhg

1. Data correlation matrix calculated from all codds-HS-DSCH, 15 channelization codes are
shared by the users. Irrespective of the chantigiizaode assigned to the user, the user can
generate 15 realizations of data correlation matoixesponding to each user. The final data
correlation is found by averaging the 15 realizatias follows,
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1 15 ()
R,=—)> R}
T

R is the data correlation matrix obtained by dispiegaisingi” channelization code. Data

correlation matrix calculated from all codes idediRD-ALL.

2. Data correlation matrix calculated from unused cedlie this method, data correlation matrix
is generated using channelization code in whichdata is transmitted. Data correlation
matrix calculated from unused code is called RD-4émuli

While calculating weights we can use either genigmctical channel estimaté . In practical
channel estimation, a net channel estimate for ssuthis calculated by averaging the 10 channel
samples obtained by despreading and correlatin@Bi€H symbols.

*

=Y P
h(ESt = i i h(;almp
current_ slot, j) 10 - i)
Y; is the depsreaded output At finger of CPICH despreader.

p is thei™ pilot symbol in a slot.

h;*)"is the channel sample found by correlating withpilot symbol in a slot af™ finger.
h(eSt is the channel estimate for current slot fji'i’ finger found by averaging the channel

current_slot, j)

samples in a slot. The finger index is dropped ftatar calculations to improve readability.

Following equalizer configurations were considefi@dfurther analysis
1) G — Genie covariance matrix and genie channel agsn
2) G_15 - RD-ALL and genie channel estimates
3) G_unused — RD-Unused and genie channel estimates
4) P_15 - RD-ALL and practical channel estimates
5) P_unused — RD-Unused and practical channel essmate

3.3 Simulation parameters

In this section, the different simulation parametare discussed in further detail. Basically the
simulation parameters help us to define the Nod€l&nnel and UE characteristics and to analyze
the results once simulation is finished.

3.3.1 Input parameters

Here we discuss the parameters used to change Blogmpagation channel and User Equipment
settings.

33.1.1 Propagation channel specific parameters

We can specify the type and speed of channel isithalation environment. The different types of
channels which are relevant to equalizer benchmgrkie AWGN, Pedestrian A (PA), Pedestrian B
(PB) and Vehicular (VA) channels. The power delagfite for PA, PB and VA are specified in

Table 3.1. AWGN is channel with additive white Gsias noise and has no fading. PA, PB and VA
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channels are dispersive fading channels. Pede®ricimannel has the highest delay spread. So it is
prudent to use higher number of fingers in Pedest than in Pedestrian A. We can also set the
speed of channel and it is specified in kilometges hour (kmph). Higher speed indicates faster
channel variations and increased error rate.

Pedestrian A (3km/h) Pedestrian B (3 km/h) Vehicular A (30 km/h)
Relative Delay Relative Mean Relative Delay | Relative Mean Relative Relative Mean
[ns] Power [Db] [ns] Power [dB] Delay [ns] Power [dB]

0 0 0 0 0 0

110 -9.7 200 -0.9 310 -1

190 -19.2 800 -4.9 710 -9

410 -22.8 1200 -8 1090 -10

2300 -7.8 1730 -15

3700 -23.9 2510 -20

Table 3.1: The propagation conditions for PA, PB ad VA as specified in [4].

3.3.1.2 Node B specific parameters
3.3.1.2.1 Transmit power

Transmit power at Node B (base station) is detegohiny lor/loc parameter. This is the ratio of Node
B power (lor) to noise power (loc), expressed inillels. Here noise refers to interference fromiothe
cells and thermal noise. If lor/loc is O dB, théwe transmit power and noise power are equal. The
ratio lor/loc is also referred to as geometry. Higheometry refers to less noisy conditions. Is thi
report, geometry is indicated yrloc.

The power allocated to different channels (HS-PDSCRICH etc.) can also be specified through
simulation parameters. The ratio of power allocated particular channel is written as Ec/lor, Whic

is the ratio of transmit energy per chip (Ec) foattchannel to total transmit power at base station
(lor). If Ec/lor for HS-PDSCH channel is —3 dB, thi¢ means that 50% of the total transmit power is
allocated to HS-PDSCH channel. For the simulatidose as part of this thesis, no power was
allocated to the control channels like Primary $yoaization channel (P-SCH) and Secondary
synchronization channel (S-SCH). This is to avaoitiference due to these channels at the receiver
since they are non-orthogonal to the other chanmedtead, the receiver was setup to have prior
knowledge of (genie) information communicated byesdn control channels, like frame
synchronization and downlink scrambling code.

3.3.1.2.2 Transport Format and Resource Combination (TFRC)

TFRC refers to the modulation format (QPSK, 16 Q/AM,QAM), number of channelization codes
and transport block size used to send data in dokvimi HS-PDSCH. Two different modes of TFRC
selection are as follows,

* Follow CQI — CQI stands for Channel Quality Indmaand it is an indication as to how good the
channel propagation condition is. Higher CQI intksabetter channel propagation condition. The
UE calculates the SIR (Signal to interference yadizd maps the SIR values to CQI values. If the
UE detects higher SIR it will report higher CQI. e'mapping from SIR to CQI needs to be
adjusted to achieve target BLER. Node B will chotbee TFRC based on the CQI reports it gets
from the UE. This link adaptation scheme in whiatddi B changes TFRC based on CQI reports
is known as Follow CQI, figure 3.1.
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TFRC corresponding to each CQI is defined in CQleaCQI_G table defined in 3GPP spec and
CQI_Normal_G was used for Non MIMO simulation. Té¢gbles are defined in Appendix A.
o0 Adaptive CQI tuning — For the simulations, adapt@®@I tuning was turned on for the
Follow CQI simulations. Adaptive CQI tuning baslgailunes the mapping from SIR to
CQI so as to achieve target BLER.

* Fixed TFRC - In this simulation mode the TFRC toused in HS-DSCH channel is fixed.
Although the UE reports CQI to Node B, Node B dnetadjust TFRC based on CQI reports. In
the simulation environment, we can specify the TREInhbination to be used by giving the
corresponding index in the CQI table. For e.q.@0G28 is specified, then TFRC corresponding
to index 28 in CQI table (transport block size @84 bytes, 14 channelization codes, and 64
QAM modulation) will be used throughout simulation.

UE measures SIR and maps to CQI value.
CQI selected so that BLER ~ 10%

S > |:L| SIR-> CQI -

UE reports CQI to Node B, Node B
adjusts TFRC based on reported CQI

Figure 3.1: Follow CQI mode of operation.

3.3.1.2.3 Maximum number of retransmission attempts

If the received packet is corrupted (which can bafied by CRC check) then the UE can send a
NACK back to Node B and Node B may retransmit thelket again. Through this parameter we can
specify the maximum number of retransmission attertipe base station makes before it drops (or
ignores) the packet.

3.3.1.3 UE specific parameters
3.3.1.3.1 Equalizer type

Equalizer type to be used is set by the ‘isi_cdeacdlype’ parameter. The different equalizer opgion
are ‘RD_CPICH’, ‘P_GRAKE’ and ‘NP_GRAKE'. The eqimér weightsv can be expressed as ratio
of channel estimatdsto correlation matribR.

w=(R)*h
The different equalizer methods differ in how itlocdates the correlation matrix and channel
estimates. If we set ‘isi_canceller_type’ to RD_CRIthenR will be calculated by autocorrelation of
depsreaded symbols of RAKE fingers (MMSE methodjaéiqn(15)) andh will be calculated by
despreading using CPICH symbols (as explaineddticse3.2).
If ‘isi_canceller_type’ is set to P_GRAKE thé&hnis noise covariance matrix calculated parametsicall
(ML method, equation(28) artdestimated from CPICH symbols.
In NP_GRAKE method, R is noise covariance matrilculated non-parametrically (ML method,
equation (30)) ant estimated from CPICH symbols.
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3.3.1.3.2 Number of receiver antennas

The number of receiver antennas can be switchedveket 1 and 2 using parameters
‘HSPDSCH_GRAKE’ and ‘HSPDSCH_GRAKEZ2' respectively.

3.3.1.3.3 Float or fixed point implementation

The receiver algorithms are implemented in fixethpfor it to with limited bit widths. Float to fixd
point conversion involves quantization to convéafing point numbers to fixed point numbers and
sometimes entirely new algorithm has to be impldastkino do a particular operation in fixed point.
By using a parametgiix’ , we can turn on/off fixed point operations. Thedgs in understanding the
precision loss by implementing a particular aldoritin fixed point.

3.3.1.34 Correlation matrix inversion method

We can control the algorithm used to invert theaation matrix using parametewce_inv_methdd
wce_inv_method = [5ktands for inversion using built in matrix invede T++, wce_inv_method =
[4] stands for cholesky inversion.

3.3.1.3.5 Adaptive delta scaling factor

Before fixed point inversion of correlation matrix,constant value is added to the diagonal elements
of correlation matrix.

R =R +&*
Where R is the correlation matrix,is adaptive delta scaling factor (scalar constant) | is identity
matrix. The adaptive delta scaling factor can bengled using ‘adaptive_delta_scaling_factor_rd’ for
RD equalizer.

3.3.1.3.6 Number of fingers

The number of fingers in RAKE receiver can be cleahgsing parameter ‘max_nrof_fingers_rd_2rx’
for 2 receiver antenna configuration and using ipater ‘max_nrof_fingers_rd_1rx’ for 1 receiver
antenna configuration. The parameters to changegalwith above mentioned ones are

"max_covariance_matrix_size", "nrof_combined_firgjeand “total_nrof_despreaders_available".

3.3.1.3.7 Genie mode

Genie mode can be turned on using the parameters,

"rf_asic" => ["MOA"], "front_end_settings" => [3], "front_end_receiver_mode" => [0], this sets
up idealized front-end mode, no impairments

"tx_rrc_length_chips" => [30],length of RRC filter in number of chips.

"use_genie_chest" => [1]Jse genie channel estimates

"use_genie_cov_matrix" => [1]Use genie correlation matrix

3314 Miscellaneous input parameters
3.3.1.4.1 Number of frames

This sets the number of frames to be simulatedh Eaome consists of 15 slots and is 10 ms in
duration. Number of frames to be simulated is ggidrametetmax_cfn.
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3.3.2 Output parameters
3.3.2.1 True SNR

For true SNR calculation, it is assumed that trattech constellation is known at the receiver. True
SNR is calculated as follows,

_Transmitted constellation pow
Noise power

Here noise power is the square of distance betwasgived symbol and actual transmitted symbol.
Transmitted constellation power is the square sfadice of symbol from the origin in the ideal
constellation.

True SNR

A
(] s A ?} I
P - -~ trueSNR=—=
< > (1
o o
v

Figure 3.2: Calculation of true SNR. The blue cirabs represent the transmit constellation. The blueross
mark represents the decoded symbol.

3.3.2.2 Throughput

Throughput achieved by considering the total baagmitted successfully over the number of frames.

Throughput is printed in kbps.

_total bits transmitted successfu
total frames*10 ms*1000

Throughput (kbps)

3.3.2.3 BLER

BLER stands for Block Error Rate. For HS-DSCH thisr@t most one transport block of dynamic
size per Transmission Time Interval (TTI). Eacmgort block has one CRC attachment and receiver
performs a CRC check after turbo decotteverify whether the transport block is corruptednot.
BLER is ratio of number of corrupted transport lB®¢o total transport blocks transmitted.

3.4 Simulations

Simulations were done for both non-MIMO and MIMO néigurations. For each of the
configurations, following points were evaluated,

1. Number of fingers - The purpose of this set of datians was to figure out how much
improvement in throughput can be achieved by irgingathe number of RAKE fingers or
equivalently the number of equalizer taps.

2. Practical equalizer evaluation — Compare the pevdoce of different practical equalizer
configurations with respect to genie equalizer mpmhtion.

3. Fixed point design — The purpose of this set olgitions was to find out the throughput loss
caused by fixed point implementation of variousereer algorithms. A broader set of test
cases covering different speeds, geometry and rdisppewas run to evaluate the float to fixed

point gap.
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4. Practical to genie gap — Here practical refersixedf point equalizer implemented in STE
simulator. Genie refers to floating point implenan with ideal front-end, ideal channel
knowledge and parametrically found covariance ma@imulations were done for broader
set of test cases as done for fixed point designodgh the simulations, those environments
and geometries were identified which showed lagg@egto practical gap.

3.4.1 Non MIMO
34.1.1 Number of Fingers
34.1.1.1 Description

The purpose of this set of simulations was to ustded the increased benefits of using more fingers
in the equalizer. Simulations were done in Ped®stB channel at 3 kmph for high geometries.

Higher geometries, which mean less noisy envirotisjaanable us to better exploit the degrees of
freedom offered by more number of fingers. PedastB channel was chosen since it has largest
delay spread. Larger delay spread means that themeore energy to be captured by increasing
number of fingers. (For PA channel, which is ladispersive, we will not get higher throughput gains

by increasing number of fingers and the throughgawtirates for less number of fingers). The test
cases that were simulated for finding the numbdingers are provided in table 3.2,

Test | Channel | Geometry | Antennas | Receiver
1|PB3 noiseless L Genie
2| PB3 noiseless L Practical
3| PB3 noiseless 2 Genie
4| PB3 noiseless 2 Practical
5| PB3 20 1| Genie
6 | PB3 20 1 | Practical
7 | PB3 20 2 | Genie
8 | PB3 20 2 | Practical

Table 3.2: Test cases for number of fingelisnensioning

3.4.1.1.2 Simulation setup

Simulations were done for G,G_15, G_unused,P_15Panthused equalizerPédestrian B 3 kmgh
channel was defined in all the test cases. The eurob receiver antennas was switched using
parameters MSPDSCH_GRAKEand “HSPDSCH_GRAKE2 Geometry was set to 20 and 40dB
usinglorloc_dB parameter. Test cases were run with 24, 48, 87,26, 144 and 192 fingers

Follow CQI with adaptive CQI tuning

For low speed test cases such as 3 kmph, simuatvene done with follow CQI with adaptive CQI
tuning. In Follow CQIl mode, Node B adjusts the sort format based on CQI reports from UE.
Adaptive CQI tuning is turned on to tune the maggdimom SIR to CQI in UE, so as to achieve target
BLER. The CQI table was set to 3GPP CQI table anget BLER rate was set to 15%.

For adaptive CQI tuning, a fixed table lists th& $ialues corresponding to each CQI value. If the
BLER based on this default list is far from thegetrBLER, then the adaptive CQI algorithm (which
dynamically adjusts the SIR to CQI mapping) wikeaa long time to tune the SIR to CQI mapping so
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that we get target BLER. To aid this tuning procegs can manually specify a table offset which can
be considered as a constant value that is addalll iee SIR values in fixed table. So for a positiv
table offset, we are effectively increasing the 8#Rie required to switch CQI. For example, if SIR
4.8 corresponds to CQI 0 and SIR = 5.8 corresptm@QI 1 then once the SIR at receiver reaches
5.8, the UE will report CQI 1. If follow CQI is ehbked, the base station will send the transport &rm
combination corresponding to CQI 1. If we speciflle offset as 2, then SIR = 6.8 will correspond to
CQI 0 and SIR = 7.8 will correspond to CQI 1, tliere once SIR reaches 5.8 the UE will report CQI
0. So we effectively reduce BLER with higher tabféset. In order to initially adjust the table ét,

we run the simulations for less number of framebifithe BLER achieved is much higher than target
BLER, we lower table offset and vice versa.

Theoretical maximum throughput Based on the maximum allowed CQI (CQI 29 or C3Q)
different maximum throughput values can be reached CQI_G table, if CQI 30 is allowed, then up
to transport block size of 38576 bits can be trattethin one TTI (transmission time interval — 2ms)
which yields the theoretical maximum throughputl6t28 Mbps. If use of CQI 30 is not allowed,
then theoretical maximum value is 16.132 Mbps witiciresponds to throughput achievable by using
CQI 29. In simulations done to evaluate performarfaegualizers at different number of fingers, CQI
30 was not allowed. Hence maximum throughput aelukevis 16.132 Mbps.

3.4.1.1.3 Results

The results were analyzed using true SNR valuestlamdighput values. An increase in true SNR
values indicates a corresponding increase in thmowty The results can be analyzed for following
cases:

1) High dispersive channel (PB3)

a) Two receiver antennas, lorloc 20
The throughput and true SNR plots are shown irrdigu3.

- The full genie configuration (‘G’) shows increasegderformance up to 144 fingers leveling
off from 144 to 192 fingers.

- RD-unused method with genie (G _unused) and prdcthannel estimates (P_unused)
exhibit similar performance, peaking at 96 fingansl then after 96 fingers performance starts
decreasing. Inaccuracy of practical channel estismathen compared to genie channel
estimates seems not to affect the performance BbuRused method.

- RD-ALL method shows considerable difference in parfance between genie (G_15) and
practical (P_15) channel estimates. G_15 performémnels off at 48 fingers but P_15 shows
decreasing performance from 24 fingers. This shibasthere is lot of performance to gain in
P_15 method with better channel estimation teclasqu

- Another important observation is that P_unused éeb than G_15, which shows that
however better channel estimation technique weirugD-ALL method it will not catch up
with performance of RD-unused method. RD-unusechatkts clearly better than RD-ALL
method while calculating equalizer weights.

- For genie equalizer configuration at lorloc 20,tlas channel condition worsens (low SIR)
CQI drops from CQI 29 to maintain BLER, hence thytmout achieved is less than theoretical
maximum.
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True SNR vs. Number of fingers, 2 Rx antennas, lorloc 20 Tput vs Number of fingers, 2 Rx antennas, lorloc 20
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Figure 3.3: Simulated true SNR and throughput perfomance of UE with two receiver antennas as we
increase number of fingers for Pedestrian B channelt 3 kmph and geometry lorloc 20.

b) Single receiver antenna, lorloc 20
The throughput and true SNR performance is shovigime 3.4.

- For genie equalizer, throughput obtained from singiceiver antenna is nearly half of the
throughout obtained from using 2 receiver antenihg shows the advantage of using two
receiver antennas at receiver terminal. By usivm teceiver antennas there is more chance
of seeing a good channel in at least one antenna.

- Apart from the lower throughput, the performancealifferent equalizer configurations with
increasing fingers remains similar to two receigatennas, at same geometry. A notable
difference is that G_15 performance catches up @itbnused with one receiver antenna.

True SNR vs. Number of Fingers, 1 Rx antenna, lorloc 20 Tput vs. Number of fingers, 1 Rx antenna, lorloc 20
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Figure 3.4: Simulated true SNR and throughput perfemance of UE with single receiver antenna with
increasing fingers for Pedestrian B channel at 3 kph and lorloc 20

c) Two receiver antennas, lorloc 40
Throughput and true SNR plots are shown in figube 3

- Much higher throughput than two receiver antennas rfoiseless channel. Full genie
throughput levels off at nearly 16 Mbps at 48 firggeAlthough true SNR increases till 144

36



fingers but this does not translate to growth irotighput performance since it reaches
maximum achievable throughput earlier at 48 fingesesf.

- With noiseless channel, RD-unused (G_unused & Psadjucatches up in throughput
performance with full genie (G) at 144 fingers.

- G_15 performance nearly levels off at 48 fingend, Holds on till 96 fingers and after that
performance starts falling. P_15 shows decreasigopnance with higher number of
fingers.

- We can see that in noiseless case (discussed itatdms section) performance of genie
equalizer reaches theoretical maximum value of 1894 In noiseless case, CQI 29 is
selected throughout the simulation duration.

d) Single receiver antenna, lorloc 40
Throughput and true SNR plots are shown in figuée 3

- At lorloc 40, throughput for 1 receiver antennachat up with that of 2 receiver antenna for
genie mode with 192 fingers. From this we can infet the receiver works well even in
fading dips when there is no noise in channel. Zaeceiver antenna configuration, we
assume that receiver sees 2 independent chantiegbtieas. So the probability of having
poor channel (fading dip) at both antennas decseasel this is the reason for better
throughput with 2 receiver antenna. But in noiselesndition, the receiver with 1 antenna
and 192 fingers starts decoding content even imdadips, making the second receiver
antenna redundant.

- Equalizer performance is similar to two receiveteana at lorloc 40, notable difference
being G_15 catches up with RD_unused method.

True SNR vs. Number of fingers, 2 Rx antenna, lorloc 40 Tput vs. Number of fingers, 2 Rx antenna, lorloc 40
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Figure 3.5: Simulated true SNR and throughput perfomance of UE with 2 receiver antennas as we
increase number of fingers for Pedestrian B channelt 3 kmph and noiseless condition (lorloc 40).
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True SNR vs. Number of fingers, 1 Rx antenna, lorloc 40 Tputvs. Number of fingers, 1 Rx antenna, lorloc 40
60 16000
55 14000 _,.é-""‘
50 12000 - —
) - A
245 et & 10000 / “ el — =G
= | £ T — T fr=—gi
Z 40 — == G_unused = 3000 L/ == G_unused
v = E A
g 35 —— : = == P _unused 2 6000 / - | ====P_unused
£ g e i B o
30 =G 15 4000 -—p= i — s G_15
5 e f —— . e P 15 2000 i P15
‘*.'."‘--..e.
20 0
24 48 64 72 B0 95 144 132 24 48 B4 72 80 95 144 192
Number of fingers Number of fingers

Figure 3.6: Simulated true SNR and throughput perfemance of UE with single receiver antenna with
increasing fingers for Pedestrian B channel at 3 kph and noiseless channel (lorloc 40).

2) Low dispersive channel (PA3)

a) 2 receiver antennas, lorloc 20
Throughput and true SNR plots are shown in figure 3

- Additional simulations were done in PA3 with FRCuiederstand the equalizer performance
in less dispersive channel.

- The genie equalizer (G) does not show any perfocedmprovement with higher number of
fingers since this is less dispersive channel. th® other equalizers show decreasing
throughput and true SNR with more fingers.

- P_unused is better that G_15, which shows that Rsed method is better than RD_ALL at
low dispersive channel as well.
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Figure 3.7: Simulated true SNR and throughput perfomance of UE with two receiver antenna and single

receiver antenna with increasing fingers for Pedesan A channel at 3 kmph and noiseless channel
(lorloc 40).

The number of floating point operations (flops)uiegd for cholesky inversion for n-finger RAKE is

around /3 [6]. So when we double the finger count, the hamof floating point operations per
second goes up by 8 times.
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3.4.1.14 Throughput vs. target BLER for different geometries

The purpose of this analysis was to see how thautfinput varies when we change the adaptive
BLER target in different geometries. The simulasiamere done for full genie (‘G) mode for 96
fingers for Pedestrian B channel at 3 kmph. Theukition setup was same as that for analyzing
number of fingers.

Tput vs.Bler, PB3,%6 fingers

16000
14000 1354
. 13359
12361 e
12333
12000 12227
= 10000
=
=
- e [0 1] 0 -3
2, 8000
,§': i orloc O
H a1
S —tr—I6rloe 10
= | ABERES 49004 4TI —imlorioe 20
e 2r —, 4539.1
4000
13613
26000 13371 1377% 255 F =
1158
i T 8463 U B33.91 0 34134 824 48 759.72
5 10 15 20 25

Target BLER (%)

Figure 3.8: Variation in throughput with different BLER.

In a UE in real environment, the SIR to CQI mappisgre-defined for different environments i.e.
there is no adaptive CQI tuning in real implemdatet. To simulate this behavior the test case was
run with follow CQI with adaptive CQI tuning tilt converges to the target BLER. The SIR to CQI
mapping values at the end of the simulation withfahe starting point for next set of simulations
which will be run with follow CQI but with no addpé CQI tuning. To run simulation with a
predefined SIR to CQI mapping, se&tCQI_force_tableto 1 and the tuned SIR values should be
given in “aCQIl_fixed_table”

The results are shown in figure 3.8. We get maxintiraughput when the target BLER is set at 5-
10% for ‘G’ equalizer with 96 fingers.

3.4.1.2 Smoothing of channel estimates

From the analysis of different equalizer configimas at different fingers, we have seen that P_15
lags well behind performance of G_15. This sectiovers a recommendation as to how to close the
gap between P_15 and G_15 (or P_unused and G_gnused

By default the net channel estimates which areutatied per slot (explained in section 3.2) are not
filtered across slots. But we can enable filteraigchannel estimates across slots to understand the
impact of smoothing of channel estimates on perdoree of P_15 and P_unused. Equation (40)
shows the implementation of filtering (smoothingbannel estimates across slots.

filt est - est
urrent_ slot — A hcurrent_ slot

+(1_/1)hfi|t est (40)

previous sl
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A is the smoothing filtering parameter.

filt est
urrent_ slot

calculation.

est
urrent_ slot

is the filtered channel estimate for the current sthich will be used in equalizer weight

is the channel estimate for each slot calculatecawwraging the 10 channel estimates

est
urrent_ slot

obtained by despreading and correlating the CPIg@idbsls. is the unfiltered channel

estimate for the current slot.

h filt est
previous _ slot

Is the filtered channel estimate for the previdos s
3.4.1.2.1 Simulation setup

Five different values were tried for smoothingeiilhg paramete?®, 2*,2%,2*,2°% A =lindicates

no filtering. Simulations were done for PB3 chanioel48 and 96 fingers at noisy (lorloc 0) and less
noisy (lorloc 20) environments. Initially the testses were run with follow CQI with adaptive CQI
tuning to obtain optimal mapping from SIR to CQlues for the specified target BLER. Once we had
the optimal SIR values, adaptive CQI tuning waaddroff and simulations were run with follow CQI
using the optimal SIR values.

3.4.1.2.2 Results

Table 3.3 shows the throughput and true SNR for5Garid for P_15 at different values 4f. We

can see that P_15 is closest to G_15 whAen0.25.We can see considerable increase in performance
of P_15 with filtering turned on. With no filteringd =1), performance declines for P_15 from 48 to
96 fingers. Al =0.25, the performance for P_15 levels off fromt@86 fingers.

Similarly, table 3.4 shows the throughput and tBMNR for G_unused and for P_unused at different
values of A . Performance of P_unused is close to that of Gsemwvith no filtering but still we can
see an improvement in true SNR and throughput ohBsed once we turn on filtering.

Channel | lorloc | Fingers | Equalizer | smoothing_filt_param | Tput | true_snr bler
PB3 0 48 | G_15 1399.2 15.862 | 15.958
PB3 0 48 | P_15 0.015625 | 394.31 10.092 | 21.23
0.0625 | 1120.6 15.071 | 14.681
0.25 | 1323.3 15.617 | 13.525
0.5 | 1289.3 15.371 | 13.302

1] 1116.6 14.536 | 15.309
PB3 20 48 | G_15 10793 31.824 | 17.783
PB3 20 48 | P_15 0.015625 | 52.261 10.544 99.27
0.0625 | 2868.3 21.319 | 42.785
0.25 | 9163.1 30.33 | 15.877
0.5 | 9045.6 29.959 | 16.972

1| 6306.6 27.399 | 19.648
PB3 0 96 | G_15 1394.1 15.873 | 15.999
PB3 0 96 | P_15 0.015625 | 431.91 10.137 | 24.069
0.0625 | 1113.4 15.033 | 14.985
0.25 | 1285.3 15.431 | 12.146
0.5 | 1204.3 14.96 | 13.728
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1] 927.33 13.564 | 18.506
PB3 20 96 | G_15 11159 31.933 | 15.816
PB3 20 96 | P_15 0.015625 | 23.511 10.513 | 99.635
0.0625 | 2819.4 21.199 | 43.292
0.25 | 9176.4 30.019 | 15.715
0.5 | 7988.6 29.055 | 14.579

1] 6134.7 25.746 | 15.046

Table 3.3: Throughput and true SNR for G_15 and forP_15 at different values ofA .

Channel | lorloc | Fingers | Equalizer | Smoothing_filt_param | Tput | true_snr bler

PB3 0 48 | G_unused 1323.3 15.517 | 14.478

PB3 0 48 | P_unused 0.015625 | 596.35 12.258 | 15.999
0.0625 | 1186.3 15.201 | 13.809
0.25 | 1303.8 15.462 | 13.18
0.5 | 12994 15.38 | 12.835

1] 1216.1 15.061 | 18.385

PB3 20 48 | G_unused 11868 32.831 | 15.086

PB3 20 48 | P_unused 0.015625 4214 25.225 | 22.366
0.0625 | 9926.9 31.392 | 15.025
0.25 | 11356 32.501 | 15.735
0.5 | 11459 32.551 | 13.626

1] 11508 32.53 16.1

PB3 0 96 | G_unused 1137.5 15.19 | 31.247

PB3 0 96 | P_unused 0.015625 | 608.32 12.051 | 18.331
0.0625 | 1130.4 14.917 | 23.116
0.25 | 1156.4 15.117 | 28.631
0.5 | 1100.7 14.949 | 32.788

1| 940.63 14.372 | 45.38

PB3 20 96 | G_unused 12858 33.543 | 15.309

PB3 20 96 | P_unused 0.015625 | 4564.9 25941 | 21.25
0.0625 | 10906 32.357 | 13.545
0.25 | 12659 33.541 | 13.221
0.5 | 12768 33.585 | 12.126

1] 12696 33.541 | 14.66

Table 3.4: Throughput and true SNR for G_unused ad for P_unused at different values ofl

3.4.2 MIMO

In this section, the results for simulation of geand practical equalizer configurations are diseds
for a 2x2 MIMO system. Simulations were done inhbetngle stream and dual stream mode to
understand how the equalizers perform in each mode.
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For MIMO simulations we use CQI_K table definedBi@GPP spec in addition to CQI_G table. In the
simulator, CQI_G (Non MIMO) and CQIl_K (MIMO) tablese combined into CQI_G_K table. In

CQIl_G_K table first 31 entries are same as CQl_@ aext 15 entries are from CQI_K table.
CQI_G_K is given in appendix A. For single streartiM® operation, we need CQI_G table and for
dual stream MIMO operation, we need CQI_K tablde Tifferent MIMO simulation parameters and
their required values are given in Table 3.5.

Open/ hsdsch_scheduling [mimo_tx
Mode Closed loop |CQI_table |hsdsch_scheduling_mode |hsdsch_tfrc_sequence _modeB _modes [type_A
["tbl_index1; tbl_index2"]
X tbl_index1and tbl_index2 can
i FRC CQl_G_K [["Fixed TFRCI"] - - Prefered mode 0 0
Single stream take any value from 1to 30.
tbl_index1 =tbl_index2.
Follow CQl |CQI_G_K |["CQl based"] ["1;1"] Prefered mode 0 0
["tbl_index1; tbl_index2"]
e N tbl_indexland tbl_index2 can
FRC CQl_G_K [["Fixed TFRCI"] Prefered mode 5 1
Dual stream take any value from 31to 45.
tbl_index1 >=tbl_index2.
Follow CQl |CQI_G_K |["CQl based"] ["31;31"] Prefered mode 5 1

Table 3.5: Simulation parameters and required valus for different modes of operation of MIMO.

34.2.1 Number of fingers

Throughput and true SNR performance for increasimgber of fingers were studied separately for
single stream and dual stream mode for more disgei®B3 channel and less dispersive VA3
channel. The performance was studied across fiffereint equalizer configurations as for Non
MIMO simulation G, G_15, P_15, G_unused and P_uhuSanulations were done with follow CQI
with adaptive CQI tuning. Smoothing of channelraates for P_15 and P_unused was turned on for
MIMO simulations. Smoothing filter parameter was &e0.25 since this value showed maximum
gain in performance for Non MIMO.

Theoretical maximum throughputSingle stream MIMO operation uses the same @®ies as non
MIMO simulation. Hence achievable maximum throughipitsame as that for non MIMO. Since CQI
30 is reserved, maximum achievable throughput i@ Mbps for single stream MIMO. For dual
stream MIMO operation, entries 31 to 45 in CQI_Gtable (Appendix-A, Table A-3) are used.
Hence maximum achievable throughput correspondmtry 45, which has transport block size of
42192 bits. This translates to achievable maximimaughput of 21 Mbps per data stream. Since in
dual stream MIMO, we can transmit two data streagimultaneously, theoretical maximum
throughput is 42 Mbps.

3.4.2.1.1 Results

3.4.2.1.1.1 Single stream MIMO

Results can be grouped into those for PB3 chamukf@a VA3 channel. For PB3 channel, results are
as follows,

1) lorloc 20
a. PB3
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The results are shown in figure 3.9. The full gemigializer ‘G’, shows gain in throughput

and true SNR up to 192 fingers. For single streaiVi® also the RD_unused method

outperforms RD_ALL method. G_unused, G_15 and Pseaall peaks at 96 fingers while

for P_15 performance levels off from 48 to 96 firgeG_unused performs better than G at
lower fingers. This is due to the fact that geniwaziance matrix used in G equalizer for

MIMO is an approximation in the sense that it does model all the terms in equation (39)

i.e. Cross antenna terms are missing.

True SNR vs. Number of fingers, lorloc 20 Tput vs. Number of fingers, lorloc 20
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Figure 3.9: True SNR and throughput results for Sigle stream MIMO for Pedestrian B channel at 3
kmph at lorloc 20.

b. VA3

The results are shown in figure 3.10. In this cgseie equalizer ‘G’ shows gain up to 96
fingers and then levels off. This is expected si¥éa is less dispersive channel than PB3.
RD_unused outperforms RD_ALL for VA3 as well. Tlgssimilar to the results we saw in
Non MIMO simulation where RD_unused outperforms RDL for dispersive as well as
less dispersive channel. G_unused, P_unused antl &l levels off at 48 fingers and P_15
shows dropping performance after 48 fingers. Hése we can see that G_unused equalizer

outperforms G equalizer since the genie noise tvee matrix used in G equalizer is an
approximation.

True SNR vs. Number of fingers, lorloc 20 Tput vs. Number of fingers, lorloc 20
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Figure 3.10: True SNR and throughput results for Sigle stream MIMO for Vehicular A channel at 3
kmph at lorloc 20.

2) lorloc 40 (noiseless condition)

a. PB3
The throughput and true SNR results are shownguardi 3.11. The full genie equalizer G
shows steady increase in throughput up to 192 fage unused, P_unused and G_15 shows
increase up to 96 fingers and then levels off. Retéls off at 48 fingers.
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True SNR vs. Number of fingers, lorloc 40 Tput vs. Number of fingers, lorloc 40
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Figure 3.11: True SNR and throughput results for Sigle stream MIMO for Pedestrian B channel at 3
kmph at lorloc 40.

b. VA3

The throughput and true SNR results are showrgurdi 3.12. Notable difference with lorloc
20 is the higher gain at lorloc 40 from 96 to 1B®@yérs for G equalizer. G_unused, G_15 and

P_unused peaks at 96 fingers while P_15 peaks fg@s. G equalizer achieves maximum
throughput of 16 Mbps at 192 fingers.
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Figure 3.12: True SNR and throughput results for Sigle stream MIMO for Vehicular A channel at 3
kmph at lorloc 40.

3.4.2.1.1.2 Dual stream MIMO

For dual stream MIMO operation, CQI_K table is usili the CQI indexes in CQI_K table
allocated all 15 codes for transmission. It mal®ssse since dual stream transmission is used

only when the channel is really good. So for duséssn MIMO, we cannot consider
G_unused and P_unused.

1) lorloc 20
a. PB3

Here also we can see that G_15 outperforms G egualt lower fingers. G shows increase in
performance up to 192 fingers. G_15 and P_15 pat®§6 fingers. It is interesting to look at
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the throughput gain for P_15 as we increase finfferm 48 to 96 fingers. Increasing the
finger count is a good option for dual stream MIMO.

True SNR vs. Number of fingers, lorloc 20 Tputvs. Number of fingers, lorloc 20
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Figure 3.13: True SNR and throughput results for Dal stream MIMO for Pedestrian B channel at 3
kmph at lorloc 20.

b. VA3
Performance of equalizers is similar but lower tR&8 at higher fingers.
True SNR vs. Number of fingers, lorloc 20 Tput vs. Number of fingers, lorloc 20
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Figure 3.14: True SNR and throughput results for Dal stream MIMO for Vehicular A channel at 3
kmph at lorloc 20

2) lorloc 40 (noiseless condition)
a. PB3

G equalizer shows steep increase up to 192 fingerd5 also shows increase up to 192
fingers but P_15 levels off at 96 fingers.
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True SNR vs. Number of fingers, lorloc 40 Tput va. Number of fingers, larloc 40
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Figure 3.15: True SNR and throughput results for Dal stream MIMO for Pedestrian B channel at 3
kmph at lorloc 40.

b. VA3

G equalizer shows increase up to 192 fingers. Garid P_15 performance peaks at 96
fingers.

True SNRvs. Number of fingers, lorloc 40 Tput vs. Number of fingers, lorloc 40
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Figure 3.16: True SNR and throughput results for Dal stream MIMO for Vehicular A channel at 3
kmph at lorloc 40.

3.4.2.2 Comparison of MIMO performance with Non MIMO

In this section we compare the performance of sistleam MIMO (transmit diversity and receiver
diversity) and non MIMO with two receiver antenn@® transmit diversity but with receiver
diversity). We expect the MIMO throughput to beheg but in reality it depends on how dispersive

the channel is. Here SIMO refers to non MIMO chami¢h two receiver antennas and SS_MIMO
refers to single stream MIMO.

The results for simulation are shown in table 3l& simulations were done initially for PB3 channel
The throughput for SS_MIMO was less than SIMO fB3Rhannel. Simulations were then done for
less dispersive channels like PA3 and for non-dgpe single path channel. We can see that P_15

equalizer configured in SS_MIMO for PA3 and Singleth (3 kmph) outperforms P_15 equalizer in
SIMO environment.

So for SS_MIMO we need better equalizers to impnosgormance in high dispersive channel. The
current equalizer cannot cope with the additiontdrference due to transmit diversity in addition t
the interference created by the high dispersivamtla
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Channel |Equalizer |MIMO / Non MIMO |Fingers Tput True SNR |BLER
< |G SS_MIMO 16 17362| 38.083] 9.9278
e |G SIMO 16 14984| 35.951| 21.416
ﬁo P_15 SS_MIMO 16 11999 33.614| 18.551
»n |P_15 SIMO 16 11783 32.943| 15.712
G SS_MIMO 16 15644 36.654| 18.476
< |G SIMO 16 14706] 35.598| 22.776
pP_15 SS_MIMO 16 11167| 32.792| 16.415
P_15 SIMO 16 10978| 32.521| 30.914
G SS_MIMO 48| 7905.2] 29.711] 13.965
@ |G SIMO 48 12212 33.48] 20.561
e [p_15 SS_MIMO 48| 6401.6| 27.739] 16.553
P_15 SIMO 48 9228 30.421| 19.171

Table 3.6: Throughput figures in kbps for single steam MIMO (SS-MIMO) and non MIMO with two
receiver antennas (SIMO) for different channels forG’ and ‘P_15’ equalizer configurations.

3.4.2.3

In this section we try to understand when it moradpnt to use more RAKE fingers for P_15
equalizer. We have seen that as we increase théearuofi RAKE fingers from 48 to 96 for PB3
channel, throughput might go up or down. A good w@ynderstand when to use more fingers for
P_15 is to study the throughput gain shown bydahie ‘G’ equalizer as we increase more fingers. If
‘G’ equalizer shows sufficiently good slope (indbghput) as we go from 48 to 96 fingers then P_15
will also show performance gain from 48 to 96 firgye

Figure 3.17 shows the throughput performance dewmiht equalizer configurations at increasing
finger counts. Smoothing for channel estimatesiiged on for P_15 equalizer for MIMO and non
MIMO. The slope for genie ‘G’ equalizer for non MMdecreases as we progress from 48 to 96
fingers. We can see that P_15 equalizer shows a@gziia throughput as we increase fingers from 48
to 96. For single stream MIMO, the slope for ‘Guatjzer from 48 to 96 is quite at the same level as
from 24 to 48. P_15 equalizer performance levelsab#8 fingers. Dual stream shows the highest
slope when compared to single stream MIMO and ndNM® for ‘G’ equalizer. For dual stream

When to increment number of RAKE fingers?

MIMO, P_15 equalizer shows increase in throughpuva go from 48 to 96 fingers.

So a good rule of thumb is that if full genie ‘Gjualizer shows sufficiently good slope as we mave t

higher fingers then it is beneficial to use highember of fingers at P_15.
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Figure 3.17: Throughput vs. number of fingers for Gand P_15 for non MIMO and MIMO
implementation. In legend ‘N’ stands for non MIMO, ‘SS’ stands for single stream MIMO and ‘DS’
stands for dual stream MIMO. Simulation results arefor PB3 channel at lorloc 20 and 2 receiver
antennas.
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4 Conclusion

In this thesis we have evaluated the performana®mwimercial practical equalizer implementation by
comparing against ideal equalizer implementatiohe Bimulations were done in ST-Ericsson’s
WCDMA simulation bench. Practical equalizers carbased on two different methods of correlation
matrix calculation — RD_unused and RD_ALL. bWthbhmethods the correlation matrix is calculated
from depsreaded data symbols. For RD_unused medada correlation matrix is generated from an
unused code and for RD_ALL method data correlatimatrix is generated using all codes. The
equalizers were evaluated based on the true SNEhamaghput performance.

First part of thesis comprised of analyzing thefgrenance of different equalizers at increased
number of RAKE fingers. RD_unused method was fawnoutperform RD_ALL method. Even with
genie channel estimates RD_ALL method could naticap with performance of RD_unused for test
cases with 2 receiver antennas. For test casesonéheceiver antenna, RD_ALL with genie channel
estimates reaches performance of RD_unused.

An important result from the thesis study was thasmoothing of channel estimates the performance
of equalizer method with practical channel estimatan be brought closer to the performance of
same equalizer method with genie channel estim@tasothing of channel estimates across slots was
found to be an effective method to improve the wghgput performance for practical equalizers based
on RD_unused (P_unused) or RD_ALL (P_15).

For highly dispersive channels, full genie equaliz&’) showed increase in throughput performance
even up till 192 fingers. But for practical equalizimplementation based on RD_unused and
RD_ALL method, the peak performance occurred eattian 192 fingers. Practical equalizer based
on RD_unused method (P_unused) reached peak parfoarat 96 fingers. Practical equalizer based
on RD_ALL method (P_15) reached peak performanedingers or earlier except for dual stream
MIMO system for which there was gain up to 96 firmgd_ow dispersive channels like PA showed
reduction in throughput with more fingers. A goader of thumb to find whether to use higher
number of fingers for practical implementationascheck the gain in throughput for genie equalizer
(‘G’) at more number of fingers. A steady increasehroughput for full genie equalizer ‘G’ with
more fingers will suggest increase in throughputpi@ctical equalizer as well.

It was found that the genie and practical equalimethods suffer at highly dispersive channel for a
MIMO channel while compared to non MIMO channeim8iation in a PB3 environment for single
stream MIMO showed less throughput when compareshtoe simulation done for non MIMO. But
for less dispersive channels like PA and singlé gaigle stream MIMO delivered better throughput
than non MIMO as expected. This result suggestswikaneed better equalizers to tap the benefit of
MIMO channel in a highly dispersive environment.
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Appendix - A

CQlI tables
cal Transport ' Number .
Index block size | of Modulation
(bits) codes
0 136 0 4
1 136 1 4
2 176 1 4
3 232 1 4
4 320 1 4
5 376 1 4
6 464 1 4
7 648 2 4
8 792 2 4
9 928 2 4
10 1264 3 4
11 1488 3 4
12 1744 3 4
13 2288 4 4
14 2592 4 4
15 3328 5 4
16 3576 5 16
17 4200 5 16
18 4696 5 16
19 5296 5 16
20 5896 5 16
21 6568 5 16
22 7184 5 16
23 9736 7 16
24 11432 8 16
25 14424 10 16
26 15776 10 64
27 21768 12 64
28 26504 13 64
29 32264 14 64
30 38576 15 64

Table A-1: CQI_G table defined in 3GPP 25.214
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cal Transpor.t Number .
Index block size | of Modulation
(bits) codes
0 136 0 4
1 136 1 4
2 176 1 4
3 232 1 4
4 320 1 4
5 376 1 4
6 464 1 4
7 640 2 4
8 776 2 4
9 1096 3 4
10 1136 4 4
11 1744 5 4
12 2288 7 4
13 2832 9 4
14 3640 12 4
15 4592 15 4
16 5392 15 4
17 6336 15 4
18 7440 15 4
19 8744 15 4
20 9736 15 4
21 10840 15 4
22 12064 15 16
23 14168 15 16
24 15776 15 16
25 17568 15 16
26 21768 15 16
27 25120 15 64
28 29504 15 64
29 34656 15 64
30 38576 15 64
Table A-2: CQI_Normal_G table
Transport | first Number
cal block size | channel | of Modulation
index | (bits) code codes format Ec_hsdsch_offset_dB
0 136 10 0 4 0
1 136 10 1 4 0
2 176 10 1 4 0
3 232 10 1 4 0
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4 320 10 1 4 0

5 376 10 1 4 0

6 464 10 1 4 0

7 648 10 2 4 0

8 792 10 2 4 0

9 928 10 2 4 0
10 1264 10 3 4 0
11 1488 10 3 4 0
12 1744 10 3 4 0
13 2288 10 4 4 0
14 2592 10 4 4 0
15 3328 10 5 4 0
16 3576 10 5 16 0
17 4200 10 5 16 0
18 4672 10 5 16 0
19 5296 10 5 16 0
20 5896 10 5 16 0
21 6568 10 5 16 0
22 7184 10 5 16 0
23 9736 8 7 16 0
24 11432 7 8 16 0
25 14424 5 10 16 0
26 15776 5 10 64 0
27 21768 3 12 64 0
28 26504 2 13 64 0
29 32264 1 14 64 0
30 38576 1 15 64 0
31 4592 1 15 4 -3
32 4592 1 15 4 -1
33 5296 1 15 4 0
34 7312 1 15 4 0
35 9392 1 15 4 0
36 11032 1 15 4 0
37 14952 1 15 16 0
38 17880 1 15 16 0
39 21384 1 15 16 0
40 24232 1 15 16 0
41 27960 1 15 64 0
42 32264 1 15 64 0
43 36568 1 15 64 0
44 39984 1 15 64 0
45 42192 1 15 64 0

Table A-3: CQI_G_K table
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Appendix - B

M

PR

=M

Find weightw =[w_,, - w, - w,] thatmin E{

|

To solve this expression, we have to solve

2
0 M .
—E W — =0 41
ow {Zy %} (41)
wherek varies from-M to M .
Let’s define errore as,
M
e= 2 YW~ 3
j=-M
Equation (41) reduces to,
9 E{eg =0
ow,
£l 189810 (42)
ow, oW,

0 »0 i 9 aW":Zand—:( (43)
ow, Oa, 0db dw, oW,

If w, =g +ib, then

de _a & . .
- = W —
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S ow T awg
ow,
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Applying equation (42) we get,

M
=2> WE Y %} -2E sV}
j=-M

D WEy M =Esy
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