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Abstract: A chip-level space-time equalization receiver scheme is proposed for multiple-input multiple-output
high-speed downlink packet access (MIMO HSDPA) systems to jointly combat the co-channel interference and

the inter-code interference. A fractional sample equalizer is also derived to further improve the performance of
the receiver. Performance analysis and the calculation of the output signal to interference ratio (SINR) at each
receiver antenna are presented to help direct the design of equalization weight in a more optimal manner.
System simulations demonstrate the significant performance gain over conventional Rake receiver and high
potential of MIMO HSDPA for high-data-rate packet transmission.
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Multiple-input multiple-output high-speed down-
link packet access (MIMO HSDPA) is a Release 5
enhancement to the 3GPP W-CDMA wireless cellular
standard. Multi-antenna transmission offers increased
spectrum efficiency to achieve even greater downlink
throughput. One of the solutions to implement MIMO
is using vertical Bell labs layered space-time (V-
BLAST) architecture on the downlink-shared channel
(DSCH). However, in the frequency-selective fading
channel, the channel delay spread corrupts the
orthogonality of spreading code, resulting in severe
inter-code interference, especially in HSDPA systems
where a large number of orthogonal spreading codes
are employed "*'. The interference is so severe that
conventional rake receiver techniques do not account
for the interference, providing unacceptably poor
performance. One technique to account for the
interference is the multipath interference canceller” .
This technique is shown to be effective in a 2-path
channel with equal average power paths and one chip
delay offset. However, its efficacy has proven to be
worse than equalization for more realistic channels
consisting of several multipath components with
fractional chip delays“’ﬂ. Meanwhile, multiple
antennas transmission simultaneously brings co-
channel interferences between antennas and multipath
interference between the delay replicas of signals from
different transmit antennas ® *'.
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In this contribution, we propose an MIMO
receiver architecture applying chip-level minimum
mean (MMSE ) and space-time
combat jointly the co-channel,

square  error
equalization to
multipath and inter-code interference encountered in
frequency selective fading channels. Instead of match
filtering at each receiver antenna, space-time combine
and VBLAST detection are in the conventional
receiver.

1 System Model

Considering  M-transmit  N-receive antennas
configuration, we assume that the transmitted signal
consists of JM substreams transmitted using code
reuse with J orthogonal spreading codes on the high
speed downlink shared channel (HS-DSCH)[SJ over the
M transmit antenna, and, for simplicity, ignore the
other channels such as the common pilot channel
(CPICH) and dedicated physical channels (DPCHs).
The high speed data stream is coded, punctured,
interleaved, mapped to symbols and demultiplexed
into JM equal-rate substreams where J is the number
of code channels with spreading factor G. Let b, ,
denote the symbol from the m-th antenna (m =1, ---,
M) spread by the j-th code (j =1, -+, J). Then the
transmitted signal from the m-th antenna during this

symbol period is
J
sm = 2 c]b], m = Cbm (1)
j=1

where ¢; is the j-th spreading code, C = ¢, ¢,, -,
c,| is the G-by-J spreading code matrix, and b, =
{b
antenna m.

by s =+, by |1 is the vector of data from

1, m»
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2 Equalization Derivation

As shown in Fig.1, the proposed MMSE equalizer
jointly processes the baseband signal from all N
receive antennas in an optimum manner. On each chip
interval, the output of the equalizer is an M-
dimensional complex vector. In the absence of thermal
noise and under the assumption of a full rank channel
matrix H (defined below), the MMSE equalizer is
equivalent to a zero-forcing equalizer, of which the m-
th component (m =1, -+, M) over successive chip
intervals is the chip sequence of the signal transmitted
from the m-th antenna, which is the sum of J data
substreams. Despreading this signal with respect to the
J codes, the outputs are collected, and passed to the
demapper, deinterleaver, and decoder.

J substreams
Antenna 1 .
Despreading Collect | |Demapping,
Space- and deinter-
time M substreams : ?ﬂ‘;x ™1 leaving and [
ali :
Antenna |N eduatizet . sub— decoding
\-: Despreading streams
Channel
L estimation

Figl Block diagram of equalization receiver

2.1 MIMO received signal model
x,={x,(1), x,(2), x,(3), -} denotes the

vector of data transmitted over a given frame over the
m-th antennas (m =1,
Eq.(1). Let E be the span of the equalizer measured in
units of the chip period, x,, (k) be the (E+L -1)-
dimensional subvector of x, starting with the k-th
term x, (k). Let L be the delay spread of the channel

m

-, M) corresponding s, in

measured in units of the chip period, and P be the
denotes the channel matrix
(1) as the
channel coefficient between the m-th transmitter (m =
1,:+, M) and the n-th receiver (n =1, -+, N)
corresponding to the /-th path and the p-th oversample
(l=0, -, L-1,andp=1, ---, P). n, ,(k) is the
additive zero-mean, complex Gaussian noise at the

oversampling factor. H,

n, m

composed of channel coefficients h

n, m,p

n,p

n-th antenna on the p-th sample of the k-th chip with
variance ¢/2 per dimension. Defining n, (k) =
{nn,l(k) s T, nn,P(k> s Tt nn,l(k +E-1), -,
n, p(k+E—-1)1|", then the received signal vector at
the n-th antenna can be written as

3. (k) = S H, (k) + n, (k) (2)

where

by (L=1) oo Ry 1(0)

hn.m,l’("_|> h’n.m.l’(o)

rrrrrr

by (L=1) oo by 1(0)

hn_m,.p(O)

(3)
By stacking the received vectors and generalizing the
definition of y (k) = {y/ (k), ==+, yy(k)}", we can
obtain

B, p(L=1) oo

¥, (k) H1,1 Hl,M x, (k) n, (k)
N : N
{y‘\'(m} I:H\',l HA',M]{xJI(k)} {ny(k>}
(4)
y(k) =Hx(k) +n(k) (5)

The sizes of y(k),H, x(k),and n(k) are PEN-
by-1, PEN-by-M(E +L -1), M(E + L —1)-by-1, and
PEN-by-1, respectively.

2.2 Fractional-sample space-time equalization

Let the components of x, (k) be an M-
dimensional vector of which the m-th component is
the transmitted signal from the m-th antenna with
delay with respect to sample £, x,(k) = {x, (k+d),
-, xy (k +d)}". Given y (k), the MMSE
W, (an M-by-PEN complex matrix )
minimizes the mean-square error between the
equalizer output W,y (k) and the desired M-
dimensional output vector x,(k): E[ || Wy (k) -
x,(k) | *]. Assuming that the noise n (k) and the
desired vector x, (k) are independent, the Weiner

equalizer[g]

solution is given by
Wy =E[x,(k)y"(k) ] {E[y(k)y"(k)]} " =
o E,H"(c’HH" +R,) "' =

-1
EdHH(HHH + LZRn) (6)
O-J
where
e, 2 z
Z e
E[x,(k)x"(k)] =0 ‘ . =0, E, (7)
Z cee z ed

where o> = E [ x, (k) x) (k)] is the chip power

(independent of antenna m and time k), e, =
[0---01 0---0 ] is an (E + L - 1)-dimensional unit

d E+L-2-d
vector, z is an (E + L — 1)-dimensional vector of

zeroes, E, is the M-by-M (L + E — 1) -matrix defined
in Eq.(7), and R, = E[n (k) n" (k)] is the noise
covariance matrix. If we assume that the noise is white
and uncorrelated among antennas, R, = o I,,, where



Chip-level space-time equalization receiver scheme for MIMO HSDPA systems 137

I; denotes the j-by-j identity matrix.

We can write the equalization matrix in terms of
its row vectors W, = {W, , ===, W, |7, so that the
minimum mean square error E[ | W,y (k) —x, (k +
d) |*] is minimized. We also write the channel matrix
H in terms of its M(E + L —1) column vectors H =
{ Hl, 1y 77 Hl,rl+1 s T HI,E+L—1 y T HM, 1y 77
H, ., ,H, ;. |, then the equalizer output for
the m-th transmit antenna can be written as

We . y(k) =W, H, ,.x,(k+d) +

M E+L-1

Wd,m z zHi,jxi(k +j_1) +
e

Wd, m Z Hm,jxm(k +.] - 1) + WdY mn(k>
j=lig2d+

(8)
where the first term is the desired signal term, the
second is the interference from other antennas, the
third is the self-interference from the m-th antenna,
and the last term is the contribution from the filtered
noise. The signal to interference noise ratio (SINR) for

the m-th antenna is
SINR ,, =

| Wa sl a1 I (9)

W E+L-l E+L-1

IE; /Z | Wo H, P+ Y | Wy H, P+ MW RWY,

=177

The MMSE equalizer W, simultaneously accounts for
three types of interference with respect to a desired
data stream corresponding to a given code and
transmit antenna, the self-interference (intersymbol
interference) due to the multipath delay spread,
multipath interference from data streams spread by
other codes, and spatial interference from data streams
sharing the same code but transmitted from other
antennas.

Because the MMSE equalizer is only dependent
on the power of the chip sequences and not their
actual values, W, is independent of the time index k.
Hence it needs to be recomputed at the rate of
significant channel variations. Using an alternative
MMSE detector design which depends on the
spreading sequences, the equalizer taps would have to
be updated whenever either the spreading codes
change or the channel changes significantly. In
systems with long spreading codes, the spreading
codes change every symbol, therefore the equalizers
would have to be computed each symbol interval. The
computations would be in an enormous computational
burden.

3 Computer Simulation

We performed link level simulations and
measured the frame error rate (FER) for a system

equipped with 2 transmits and 2 receive antennas. We
consider two transport block formats, one with QPSK
modulation and the other with 16QAM modulation,
each with 5 code channels. The channel simulated is a
typical urban channel profile ITU Pedestrian A profile
with vehicle speed 3 km/h.

The chip-level MMSE equalizer uses 64 taps and
2 times oversampling. The data power is assumed to
be 80% of the total transmitted power. In Fig.2, the
performance of the rake receiver is interference
limited, even for QPSK constellations. The advanced
receiver provides a performance improvement of over
6 dB at 10% FER. For 16 QAM modulation in Fig.3,
the conventional receiver’s FER is pegged to unity no
matter how high the E,/N, is.
advanced receiver performs well without an error floor
as low as 1% FER.

In contrast, the

10°
E107r
= Rake
* 64-tap FS MMSE
10-2 1 1 1 1 1 1 1 1 1 1
01 2 3 4 5 6 7 8 9 10

(Eb'No-l)/dB
Fig2 QPSK modulation link level performance

10°
e L
SR
= Rake
* 64-tap FS MMSE
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(E,*Ng')/dB
Fig3 16QAM modulation link level performance

4 Conclusion

We have shown that the performance of the
conventional receiver architecture for MIMO HSDPA
results in an error floor in a frequency selective
typical urban channel. A chip-level fractional-sample
MMSE (FS-MMSE) space-time equalizer architecture
is proposed which can effectively mitigate the effects
of interference caused by the frequency selective
fading channel and co-channel transmission.
Performance results indicate that the MMSE equalizer
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followed by despreading and decoding not only

removes the error floor but also provides performance
improvements due to multipath diversity over the flat
channel.
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