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ABSTRACT

In this paper we compare interference cancelation to MMSE

equalization in the context of D-TxAA (Dual Stream Transmit

Antenna Array) HSDPA. The interference cancelation is car-

ried out in three steps. After canceling the deterministic chan-

nels (pilot and synchronization channel), one user data stream

is reconstructed by an MMSE equalizer. This data stream

is transmitted over a replicated “virtual” channel and its out-

put subtracted from the received signal. From the remaining

received signal we reconstruct the second data stream by a

second equalizer. Our performance evaluation is based on the

physical layer coded data throughput. The interference cance-

lation receiver shows large performance gain (approx. 2.0 dB)

over the state-of-the-art MMSE equalizer while the complex-

ity is only increased slightly.

1. INTRODUCTION

Interference limits the performance of CDMA and WCDMA

wireless networks. Outdoor wireless channels show a multi-

path propagation that destroys the orthogonality [1] between

traffic and control channels in multi-access voice and data

systems based on CDMA standards. The lack of orthogonal-

ity leads to interference and a consequent reduction in signal

to interference and noise ratio (SINR). Therefore, CDMA net-

works are interference-limited rather than noise-limited. The

effect of interference limitation becomes even more dominant

in MIMO systems where the orthogonal spreading codes are

reused at several transmit antennas to increase the spectral ef-

ficiency.

D-TxAA (Double Stream Transmit Antenna Array) has

been standardized recently as MIMO extension for the FDD

(Frequency Division Duplex) mode of HSDPA (High Speed

Downlink Packet Access) [2]. In D-TxAA, two independent

coded and modulated data streams belonging to the same user

are transmitted simultaneously over two transmit antennas.

The second data stream, transmitted via spatial multiplexing,
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is only present in the case of a large signal to interference

ratio. When the user experiences low signal to noise ratios,

D-TxAA reduces to TxAA (Transmit Antenna Array), which

means only single stream operation. TxAA is specified in

the UMTS standard and is also known as closed loop mode

with transmit diversity. In single stream mode, only one data

stream is weighted by precoding coefficients and transmitted

over two antennas. Here, the receiver has to deal with interfer-

ence from other users’ data streams, hence the receiver has to

be interference aware [3]. When the dual stream operation of

D-TxAA is enabled, 15 spreading codes of length 16 are as-

signed to a single user. The remaining codes of length larger

than 16 in the code tree are required for pilot, synchronization

and control channels. These channels are transmitted without

precoding, as it can be seen from the system model presented

in the following section.

In this contribution, we investigate the performance of an

interference cancelation receiver for D-TxAA. Our receiver

first cancels the interference emerging from pilot, synchro-

nization, and control channels. After canceling these signals,

an MMSE equalizer yields estimates for the transmitted sym-

bols of one data stream. This stream can be chosen according

to several ordering methods. The estimated symbols are then

sliced, transmitted over a “virtual” channel and subtracted

from the received signal.

The rest of the paper is organized as follows. In Sec-

tion 2, we present the D-TxAA system model, followed by

the derivation of the interference cancelation receiver in Sec-

tion 3. In Section 4, several methods for signal cancelation

ordering are discussed. The simulation results are obtained

using a standard compliant HSDPA link level simulator and

presented in Section 5. Finally, Section 6 concludes this pa-

per.

2. D-TXAA SYSTEM MODEL

In this section, we define the MIMO system model for the

derivation of the MMSE equalizer and the interference can-

celation receiver. We define the k-th spread and scrambled

chip stream (where k indicates the spreading code number) at
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Fig. 1. D-TxAA transmission system with precoding at the transmitter.

time instant i as

s
(k)
i =

[
s(k)[i], . . . , s(k)[i − Lh − Lf + 2]

]T
, (1)

where Lh and Lf are the length of the channel impulse re-

sponse and the equalizer length, respectively. Thus, the vec-

tor s
(k)
i contains the (Lh + Lf − 1) recent chips. The two

data streams are precoded by multiplying with the coefficients

wk
nt

(Figure 1). After precoding, the sequences p
(nt)
i that

are defined analogously to s
(k)
i , are added to the user chip

streams. These sequences p
(nt)
i represent the sum of all chan-

nels that are transmitted without precoding, i.e. the common

pilot channel, the synchronization channel, and the control

channels. The frequency selective channel between the nt-

th transmit and the nr-th receive antenna is modeled by the

Lf×(Lh + Lf − 1) dimensional band matrix

H(nr,nt) =

⎡
⎢⎢⎣

h
(nr,nt)
0 . . . h

(nr,nt)
Lh−1 0

. . .
. . .

0 h
(nr,nt)
0 . . . h

(nr,nt)
Lh−1

⎤
⎥⎥⎦ ,

(2)

where h(nr,nt) =
[

h
(nr,nt)
0 , . . . , h

(nr,nt)
Lh−1

]
represents

the channel impulse response between the nt-th transmit and

the nr-th receive antenna. The full frequency selective MIMO

channel is modeled by a block matrix H consisting of NR×NT

(NT = 2 for D-TxAA) band matrices defined in (2).

H =

⎡
⎢⎣ H(1,1) H(1,2)

...
...

H(NR,1) H(NR,2)

⎤
⎥⎦ (3)

By stacking the received signal vectors of all NR receive an-

tennas

ri =
[
r
(1)T
i , . . . , r

(NR)T
i

]T
(4)

we can calculate the received signal as

ri = H (W ⊗ ILh+Lf−1)︸ ︷︷ ︸
Hw

[
s
(1)
i

s
(2)
i

]
+H

[
p

(1)
i

p
(2)
i

]
+vi. (5)

Here, ⊗ symbolizes the Kronecker product, the matrix

W =

[
w

(1)
1 w

(2)
1

w
(1)
2 w

(2)
2

]
(6)

is the precoding matrix at the transmitter, and vi is additive

noise. Before MMSE equalization, we perform interference

cancelation of all signals that are transmitted without precod-

ing, i.e. the signals p
(1)
i and p

(2)
i . Parts of this signal—like the

pilot and the synchronization channel—are a-priori known at

the receiver and can thus be canceled perfectly. The signal

parts which are not known at the receiver—like the control

channel—have to be recovered first by e.g. a separate equal-

izer. In the following we assume that the p
(nt)
i are already

known and can thus be perfectly canceled at the receiver by

subtracting the signal

p̃
(nr)
i =

[
H(nr,1),H(nr,2)

] [
p

(1)
i

p
(2)
i

]
(7)

at the nr-th receive antenna, yielding the modified received

signal

r̃
(nr)
i = r

(nr)
i − p̃

(nr)
i =

=
[
H(nr,1),H(nr,2)

]
(W ⊗ ILh+Lf−1)

[
s
(1)
i

s
(2)
i

]
+

+ v
(nr)
i . (8)

By stacking the modified received signal vectors of all NR

receive antennas, we obtain our modified received signal as

r̃i =
[
r̃
(1)T
i , . . . , r̃

(NR)T
i

]T
, (9)
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and modified system model

r̃i = Hw

[
s
(1)
i

s
(2)
i

]
+ vi. (10)

Based on the system model in (10) we derive our MMSE

equalizer with interference cancelation in the next section.

3. INTERFERENCE CANCELATION RECEIVER

We assume in the following without loss of generality that

the first data stream s
(1)
i is reconstructed first. Various meth-

ods for deciding which stream has to be detected first will be

discussed in the next section.

The MMSE equalizer coefficients can be calculated by

minimizing the quadratic cost function

J (f) = E
{
|f (1)Hr̃i − s

(1)
i−τ |2

}
. (11)

Here, f (1) =
[
f (1,1)T, . . . , f (NR,1)T

]T
defines NR equaliza-

tion filters. Each filter f (nr,1) =
[
f

(nr,1)
0 , . . . , f

(nr,1)
Lf−1

]T
has a

length of Lf . Note that because of the definition of f (1) and

r̃i, the inner product f (1)Hr̃i can be implemented by summing

the outputs of the NR equalization filters f (nr)H (see also Fig-

ure 1). This sum yields the estimate ŝ
(1)
i−τ of the transmitted

chip sequence.

The minimization of the cost function is performed by

derivating (11) with respect to f (1)∗:

∂J

∂f (1)∗
=
(
HwRssH

H
w + Rvv

)
f−σ2

s Hweτ,2(Lh+Lf−1) = 0.

(12)

The matrices Rss and Rvv are the signal and the noise cor-

relation matrices, respectively. The vector eτ,2(Lh+Lf−1) is

a zero vector of length 2(Lh + Lf − 1) with a single one at

position τ . The variable τ specifies the delay of the equalized

signal and has to fulfill τ ≥ Lh due to causality. The equal-

izer coefficients for the first data stream are therefore given

by

f (1) = σ2
s

(
HwRssH

H
w + Rvv

)
−1

Hweτ,2(Lh+Lf−1). (13)

By assuming that the data sequences and the noise are white,

Equation (13) can be further simplified to

f (1) =

(
HwHH

w +
σ2

v

σ2
s

I

)
−1

Hweτ,2(Lh+Lf−1). (14)

After applying this equalizer to the received signal, we obtain

a delayed estimate of the first data chip sequence s
(1)
i−τ . This

sequence is then descrambled, despread, hard decided to the

nearest symbol, spread, and scrambled to obtain an estimate

for the transmitted chip sequence. After filtering the recon-

structed transmit sequence of the first data stream with the

“virtual” channel

h̃(nr,1) = w
(1)
1 h(nr,1) + w

(1)
2 h(nr,2), (15)

we can perform the interference cancelation (Figure 1). The

equalizer for the second stream is calculated analogously to

(14) by using the reduced precoding matrix

W =

[
0 w

(2)
1

0 w
(2)
2

]
. (16)

4. SIGNAL CANCELATION ORDERING

When interference cancelation is used in general, the order

in which the streams are detected becomes important to the

overall performance of the system [4]. In this section, we

elaborate the following detection ordering methods:

1. Maximum post equalization SINR.

2. Maximum channel impulse response energy.

3. Fixed cancelation ordering.

4.1. Maximum post equalization SINR

Here, we search for the chip stream with the maximum post

equalization SINR, which is then detected first and canceled

from the received signal. This method, described in [4], leads

to globally optimum ordering.

In the following, we derive an analytic expression for the

post equalization SINR. First, we define the “virtual” MIMO

channel of the k-th transmitted chip stream

H̃(k) = H

([
w

(k)
1

w
(k)
2

]
⊗ ILh+Lf−1

)
. (17)

This channel is given by the concatenation of the precoding

and the MIMO channel H. The convolution of the NR equal-

ization filters with the reduced MIMO channel of the k-th chip

stream can be calculated as

g(k) =
[

f (1,k)H , . . . , f (NR,k)H
]

︸ ︷︷ ︸
f (k)H

H̃(k) (18)

Ideally, the convolution should result in terms of energy in a

Kronecker delta with a one at position τ (represented by the

zero vector eτ,Lh+Lf−1 of length Lh+Lf−1 with a single one

at position τ ). In addition, we have the remaining interference

and noise after equalization of the k-th stream, incorporated

in the vector u(k), where

u(k) = g(k) − eτ,Lh+Lf−1. (19)

340 2008 International ITG Workshop on Smart Antennas (WSA 2008)



We calculate the SINR(k) of the the k-th chip stream as

SINR(k) =
1

‖u(k)‖2
2

. (20)

The decision rule for our system with two transmit antennas

is now given by

d2
1

N1
SINR(1) ≶

d2
2

N2
SINR(2), (21)

where d1 and d2 are the minimum distances between the points

in the signal constellations of the first and second stream,

and N1, N2 are the number of spreading codes for either

the first or the second stream, respectively. We are inter-

ested in SINR(k) after the stream is despread and therefore

the SINR(k) after equalization is divided by the number of

codes for the given stream. The distance d2
k is obviously

proportional to the mean energy of the signal constellation.

Therefore, the combination of different symbol alphabets (i.e.

4-QAM and 16-QAM symbol alphabet) on the two streams

needs to be considered. If the same total energy for both

streams is assumed, then the SINR(k) value must be corrected

according to the minimum distance between symbols in 4-

QAM and 16-QAM constellation. In this sense, we obtain the

following correcting terms, d2
k = 1 for 4-QAM and d2

k = 1/5
for 16-QAM.

4.2. Maximum channel impulse response energy

The second method we investigated is based on the maximum

energy of the channel impulse responses. This method is ob-

viously suboptimal but also of very low complexity since it

involves only the energy calculations. Therefore, the decision

rule for two transmit streams is simplified and only norms of

the “virtual” channel impulse responses are needed

d2
1

∥∥[ h̃(1,1)T, h̃(2,1)T
]∥∥2

2
≶ d2

2

∥∥[ h̃(1,2)T, h̃(2,2)T
]∥∥2

2
,

(22)

where the h̃(nr,nt) represents the “virtual” channel between

the nt-th transmit and the nr-th receive antenna, as defined in

Equation (15) and Figure 1.

4.3. Fixed cancelation ordering

Finally, we also consider fixed cancelation ordering - the sim-

plest ordering method one could think of. Here, we always

detect the same data stream first and cancel it from the other

stream.

5. SIMULATION RESULTS

The simulation results presented in this section are obtained

using a standard compliant HSDPA link level simulator. In

D-TxAA, the adaptive precoding is adopted. The weights

w
(1)
1 and w

(2)
1 used on the first transmit antenna are equal to
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Fig. 2. Data throughput for fixed CQI=79 in an uncorrelated

2×2 MIMO Pedestrian A channel.

Table 1. Simulation Parameters for CQI=79.

Parameter Value

CQI 79

Modulation 4-QAM

CPICH Ec/Ior −10 dB

SCH/PCCPCH Ec/Ior −12 dB

Ior/Ioc 10 dB

User equipment capability 10M

Channel model ITU Pedestrian A

UE speed 3 km/h

one for both streams. The weights on the second transmit

antenna are defined as w
(2)
2 = −w

(1)
2 with four possibilities

for w
(1)
2 and therefore only w

(1)
2 has to be reported. Out of

these four possibilities, two of them only interchange the first

with the second stream or vice versa. If the maximization of

SINR is the objective, there are only two possibilities with

fixed Channel Quality Indicator (CQI) level - either the SINR

of the first or the second stream can be maximized. It makes

sense obviously to transmit the higher signal constellation on

the stream with higher SINR. In the following, we will show

that in this case even the prior cancelation of the stream with

maximized SINR is sufficient.

In Figure 2, the data throughput of the interference cance-

lation receiver is compared to a state-of-the-art MMSE equal-

izer at a fixed CQI level of 79 (thus the coding and modulation

is also fixed). In this case, a 4-QAM symbol alphabet is used

for both streams. The simulation parameters are summarized

in Table 1. Also the comparison of all signal cancelation or-

dering methods described in Section 4 can be seen in Figure 2.

This figure shows, that the ordering based on the maximum

channel impulse response energy can achieve the same perfor-
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Fig. 3. Data throughput for fixed CQI=155 in an uncorrelated
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mance as the optimum one. Moreover, when the first stream

is fixed to be detected and canceled in advance, then we ob-

serve in this case also the same performance. The reason for

this is the algorithm for choosing the precoding coefficients

described above. Note that even the wrong prior cancelation

of the second stream always leads to higher throughput than

a state-of-the-art MMSE equalizer.

In Figure 3, we have a similar comparison as before, with

the only difference that a fixed CQI level of 155 was used in

the simulation (16-QAM symbol alphabet on the first stream,

4-QAM on the second stream). The simulation parameters

are summarized in Table 2. We can see again the same perfor-

mance of the ordering methods based on the maximum chan-

nel impulse response energy and on the maximum post equal-

ization SINR. The adaptive precoding maximizes the SINR of

the first stream in this case. Therefore, it is better to transmit

the 16-QAM on the first stream. This figure also shows that it

makes almost no difference, if the first or the second stream is

detected and canceled first. In the first case, the stream with

the higher SINR is chosen, in the latter case, the stream with

the lower modulation order is preferred.

At about 90 % of the maximum throughput of the fixed

CQI level (corresponding to the 10 % target BLER of HSDPA

[5]), the interference cancelation receiver outperforms the state-

of-the-art MMSE receiver by about 1.6 dB for CQI = 79 and

2.0 dB for CQI = 155. Note that the exact amount of the

SNR gain depends on several factors like symbol alphabet (4-

QAM, 16-QAM), mobile speed (and equalizer update rate),

and the type of signal cancelation ordering.

6. CONCLUSION

In this paper, we have presented an interference cancelation

receiver for D-TxAA, standardized as the MIMO extension

for FDD HSDPA. We have found that interference cancelation

Table 2. Simulation Parameters for CQI=155.

Parameter Value

CQI 155

Modulation 16-QAM/4-QAM

CPICH Ec/Ior −10 dB

SCH/PCCPCH Ec/Ior −12 dB

Ior/Ioc 20 dB

User equipment capability 10M

Channel model ITU Pedestrian A

UE speed 3 km/h

is a very promising approach both in terms of performance

(1.6 dB SNR gain for fixed CQI=79 and 4-QAM modulation;

2.0 dB SNR gain for fixed CQI=155 and 4-QAM/16-QAM

modulation) and complexity (slightly larger than MMSE equal-

ization).
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