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Abstract—3GPP standardized double-stream transmit antenna
array (D-TxAA) in Release 7 as the successor of classical single-
input single-output (SISO) HSDPA, supporting a maximum of
42.2 Mbit/s [1]. To achieve these high throughputs, the number
of parallel streams that are utilized during a transmission time
interval (TTI) should be chosen to suit the current channel
conditions. Thus, either the mobile or the network (NodeB)
has to derive a decision upon the stream-utilization based on
this information. Although the standard permits the evaluation
of the number of streams on the mobile (and signaling it to
the NodeB), the necessary SINR estimation for both the single-
and double-stream case is difficult. Furthermore, the network
operator may opt to have the number of streams being decided
in the NodeB to keep control of the spatial interference structure
in the cell. In this paper, we introduce two network-based stream
decision algorithms and investigate them by means of system-level
simulations to compare their performance to the mobile-based
stream number decision.

I. INTRODUCTION

During the last years, high-speed downlink packet access
(HSDPA) has led to a significant increase in mobile data
usage, and the throughput demand in modern communication
systems is expected to grow even faster in the next years. In
order to satisfy this demand, 3GPP standardized a successor
of the WCDMA-based single-input single-output HSDPA that
supports multiple antennas on both the transmitter and the
receiver side.

As part of the 3GPP Release 7 [2], double-stream transmit
antenna array (D-TxAA) has been defined as the transmission
scheme for multiple-input multiple-output (MIMO) HSDPA
communication. This scheme allows for the parallel trans-
mission of up to two independent data streams, supporting
a theoretical maximum data rate of 42.2 Mbit/s [1], [3]. The
next generation communication system—Long Term Evolu-
tion (LTE)—will even outperform this limit [4], [5]. However,
these networks need a completely new wireless infrastructure,
and accordingly network operators will most probably intro-
duce MIMO HSDPA before going towards LTE.

The D-TxAA scheme or Release 7 HSDPA relies on the
parallel transmission of two data streams, where the number
of utilized streams depends on the current channel conditions,
similar to the concept of adaptive modulation and coding
(AMC). The standard [2] does not fully specify the feedback
scheme, but given the basic requirements it permits the evalu-
ation and signaling of the number of streams from the mobile
side. Typically such an evaluation would be based on a suitable
SINR estimation [6].

Such an estimation depends on a number of factors and
can be very challenging [7], [8]. In addition, the interference
structure in the cell - a factor that depends on the number of
active streams - is determined by by the equipment, which
in general is undesired by the network operators [9]. Individ-
ual enhancements of the user channel quality by means of
interference-canceling [10], [11] or similar techniques do not
impose such problems. Still, for an efficient network operation,
network entities should assign the resources according to
overall goals, e.g. the average cell-throughput [12]–[14], and
therefore actively manage the interference situation in the
cells.

In this paper we introduce two different (network-based)
stream number decision algorithms that are based upon the
CQI and ACK/NACK reports of the user equipment. We
compare the performance of our algorithms with the perfor-
mance of the user-based stream number decision where full
CSI is available. Furthermore, the necessary thresholds of the
algorithms are evaluated by system-level simulations [15] to
identify the optimum operation points.

The paper is organized as follows: Section II explains the
system-level modeling and some details about our simulator.
Section III and IV introduce the reference and network-
based stream decision algorithms, with their performance
being evaluated in Section V. Finally, we conclude the paper
in Section VI.

II. SYSTEM MODEL AND SIMULATOR DETAILS

To assess the performance of the proposed algorithms,
we utilized a MIMO HSDPA system level simulator [16],
developed in a MATLAB-environment. The simulator can
basically be split in three different parts, (1) channel quality
evaluation, (2) performance prediction (i.e. BLER evaluation),
and (3) network/user handling including all relevant algo-
rithms, depicted in Figure 1. It has to be noted that the
channel quality evaluation relies on the utilization of so-called
fading-parameters that account for a computationally efficient
evaluation [15].

The system-level simulator allows for the investigation
of MIMO HSDPA networks in terms of block error rates,
throughput, scheduler performance and other network-related
performance measures. The investigated networks are of 3GPP
type one layout [17] but can be configured in terms of simu-
lated users, timing, interference structure, size and many more.
Besides the physical layer abstraction, all layer-functionalities
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Fig. 1. Overview of D-TxAA MIMO HSDPA system level simulator
[16]. The functionality can be split in three main parts, (1) channel quality
evaluation, (2) performance prediction, and (3) network/user handling.

Fig. 2. UE Stream-Number Decision algorithm.

up to the MAC-d are implemented, with a special focus
on MAC-hs algorithms, i.e. scheduling and physical layer
resource management.

III. USER EQUIPMENT STREAM DECISION ALGORITHM

The User Equipment (UE) Stream Decision algorithm is
based on the fact that the UE has quasi full channel state
information (CSI) and hence should be able to calculate the
optimal transmission settings. Therefore this algorithm will
be used as a reference to which our other algorithms shall be
compared. The algorithm is shown in Figure 2.

The UE calculates the SINR for single stream (SS) and
double stream (DS) transmission scenarios. As long as the
SINR of stream 2 in DS transmission mode SINRDS,2 is above
the threshold SINRthr., the UE is allowed to decide how many
streams to use. If the UE is permitted a decision and the double
stream transport block size TBSDS is greater than the single
stream transport block size TBSSS, two streams are used. In
all other cases the transmission is single-streamed. Note that
TBS = TBS(CQI(SINR)) where the mapping CQI(SINR) is
extracted from AWGN link level simulations. Essentially the
stream number decision is given by

Fig. 3. RLC Stream-Number Decision algorithm based on CQI reports.

nk =

!
1, if SINRDS,2 < SINRthr. ! TBSDS < TBSSS

2, if SINRDS,2 " SINRthr. # TBSDS " TBSSS.
(1)

After the stream number decision has been made, the CQI
corresponding to the decision is reported to the radio link
control (RLC), which then uses the transmission settings
associated with it for the next transmission.

IV. RADIO LINK CONTROL STREAM DECISION
ALGORITHMS

Signal processing in handheld devices is usually constrained
in complexity due to limited battery capacity. Thus, if a
user-based stream number decision were to be implemented,
it would consume even more computational resources and
battery. The network operator also has less control over
the spatial interference situation, which is influenced by the
number of used streams and their precoding. Furthermore,
advanced schedulers utilizing the number of streams as an
optimization parameter are rendered impossible. These issues
do not exist when the stream number decision is moved to the
RLC. We propose two algorithms, with the first one using only
CQI reports from the UE to calculate the optimal transmission
settings. The second algorithm uses a combination of CQI and
ACK/NACK reports for transmission settings computation in
order to optimize the BLER.

Figure 3 shows our first RLC Stream Decision algorithm
which bases its decision on the CQI report history of the UE.
The reports are saved in up- and downgrade FIFO buffers of
lengths Nu and Nd, respectively. These reports are converted
to corresponding TBS values, which are then compared to
up- and downgrade thresholds in order to decide how many
streams will be used. The stream number decision is given by
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nk =

"
#$

#%

1, if TBSi(CQIi) < TBS(CQId), i = 1...Nd

2, if TBSj(CQIj) > TBS(CQIu), j = 1...Nu

nk!1, otherwise,
(2)

where CQIi is taken from the downgrade FIFO buffer, CQIj
is taken from the upgrade buffer and k represents the current
TTI index. TBS(CQId) and TBS(CQIu) are the down- and
upgrade thresholds which we generate from CQI thresholds.
Since the CQI to TBS mapping is unique and CQIs are the
same for all mapping tables, using CQIs rather than TBS
values as thresholds is practical.

After up- or downgrading, the transmission settings that
will be utilized have to be determined. We implemented
three initialization methods in order to compare their impact
on throughput performance and ACK/NACK ratio. For the
first two methods the CQI is set to either the maximum or
the minimum CQI value available within the selected CQI
mapping table (e.g. 30 or 1 for single stream). The third
method is based on extrapolation of TBS values via linear
least square approximation. The TBS values are extracted
from the CQI reports within the upgrade buffer, because
this buffer contains the most recent reports and hence will
deliver a more accurate prediction. In case of a downgrade,
the predicted TBS value TBSP is directly used to calculate
the transmission settings. In case of an upgrade, TBSP is
distributed over both streams where TBSstream1 = ! · TBSP

and TBSstream2 = (1$ !) · TBSP are the TBS values
for stream 1 and 2, respectively, and ! is the distribution
factor. TBSstream1 and TBSstream2 are then used to gain the
transmission settings for stream 1 and 2. In an effort to keep
complexity low, ! is kept constant and computed as follows

! =
TBS(CQI1)

TBS(CQI1) + TBS(CQI1 $!CQI)
(3)

TBS(CQI1) is the TBS of the first stream, and TBS(CQI1$
!CQI) represents the TBS of the second stream, which in
average is !CQI lower than the first due to the precoding
favouring stream 1, see [15]. Note that the precoding is
optimised for stream 1 consequently resulting in a higher
BLER for stream 2. To find an appropriate value for !CQI
we ran a simulation of our UE sided (reference) algorithm.
The CQI trace of the simulation and average CQIs are shown
in Figure 4 and a plot of ! over CQI1 is shown in Figure 5.
The mapping TBS(CQI) is done according to [2].

It is also important to note, that immediately after an up- or
downgrade decision, due to the feedback delay, no reports of
the UE for the current stream number decision are available.
Accordingly, the RLC transmits with the new transmission
settings until valid reports have been recieved.

Our second algorithm is very similar to the first, save for the
fact that the ACK/NACK ratio is also considered in order to
improve the overall BLER, and that transmission initialization
after an up- or downgrade is always done via linear least square
extrapolation of the TBS weighted with the average BLER.
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Fig. 4. CQI trace of a double stream transmission for the UE-based Stream-
Number decision algorithm.
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Fig. 5. ! for CQI of the first stream for !CQI = 3.

Fig. 6. RLC Stream-Number Decision algorithm based on effective TBS.
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Figure 6 shows our second algorithm with the decision being
expressed as

nk =

"
#$

#%

1, if TBSeff,i(CQIi) < TBSeff,d(CQId), i = 1...Nd

2, if TBSeff,j(CQIj) > TBSeff,u(CQIu), j = 1...Nu

nk!1, otherwise,
(4)

where the effective TBS of element i within the
up/downgrade buffer TBSeff,i = TBSi · (1 $ BLER) and
BLER is the average of the most recent 40 ACK/NACK
reports. The effective TBS threshold TBSeff,u/d(CQIu/d) =
TBSu/d(CQIu/d) · (1 $ BLERtarget) is the product of the
TBS threshold and the desired overall transmission efficiency
(1 $ BLERtarget) the system should have. In addition the
transmitted TBS is reduced by the averaged ACK/NACK
ratio to further decrease BLER. Note that as in the previous
algorithm, after an up- or downgrade, the RLC transmits with
the new transmission settings until valid reports are available.

V. SIMULATION DETAILS

In this section we present simulation results for various
thresholds of the algorithms discussed above and compare
them to the performance of our reference algorithm. Note-
worthy results can be expected for the up- and downgrade
thresholds, which therefore will be covered here. In Figure
7, the average cell throughput is plotted for the TBS-based
algorithm and an increasing downgrade threshold CQId. The
low throughput at 0 and 1 results from an effective downgrade
prevention caused by TBS(CQIDS,0) = TBS(CQIDS,1), where
TBS(CQIj) > TBS(CQIu) is always valid, thereby greatly
increasing BLER, as can be seen in Figure 8. Splitting of
the throughput and BLER curves for the three initialization
methods, observed at downgrade thresholds greater than 2, is
the result of a drastic reduction of DS transmissions due to the
more aggressive downgrading. The low amount of DS trans-
missions coupled with most transmissions being downgraded
shortly after being upgraded gives transmissions with opti-
mized transmission initialization an obvious advantage, which
can be seen in Figures 7 and 8. For the TBSeff-based algorithm,
the BLER is shown in Figure 9. The BLER is very close to
the target value of 10% due to the feedback of transmission
settings based on effective TBS. Since this algorithm keeps
the BLER of stream 1 close to 10%, the benefit is a high
throughput, even under suboptimal conditions. In a further
simulation with a suboptimal mapping of CQI(SINRopt.+1dB),
we observed a maximum throughput gain of 650 kBit/s, which
is depicted in Figure 10. This case is of particular interest,
when the estimators necessary for evaluating the feedback in
the UE do not work properly or are poorly implemented.

For a variable upgrade threshold CQIu the results are shown
in Figures 11 and 12. The simulations show an upward
trend of the throughput, which is a result of the decreasing
BLER associated with increasingly conservative upgrading.
The effect of higher upgrade thresholds is shown in Figures
13 and 14.
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Fig. 7. Throughput simulation of the RLC-TBS-based algorithm for CQId =
0...5.
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Fig. 8. Simulation results for the BLER of the RLC-TBS-based algorithm
with CQId = 0...5. Full lines represent stream 1 and dashed lines represent
stream 2. The blue lines (min) are for initialization of the transmission
with the minimum value, green lines (max) are for initialization with the
maximum value, red (predicted) is for initialization based on linear least
square extrapolation and black (UE-based) is the average BLER for the UE-
based reference algorithm.
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Fig. 9. Simulation results for the BLER of the RLC-TBSeff-based algorithm
with CQId = 0...5. Full lines represent stream 1 and dashed lines represent
stream 2.
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Fig. 10. Simulation results for the troughput of the RLC-TBSeff-based algo-
rithm with CQId = 1...5 and suboptimal mapping of CQI(SINRopt. + 1dB).
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Fig. 11. Throughput results of the RLC-TBS-based algorithm with CQIu =
22...30.
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Fig. 12. Throughput results of the RLC-TBSeff-based algorithm with CQIu =
22...30.
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Fig. 13. Simulation results for the BLER of the RLC-TBS-based algorithm
with CQIu = 22...30. Full lines represent stream 1 and dashed lines represent
stream 2.
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Fig. 14. Simulation results for the BLER of the RLC-TBSeff-based algorithm
with CQIu = 22...30. Full lines represent stream 1 and dashed lines represent
stream 2.

VI. CONCLUSIONS

In this paper we discuss and investigate two RLC-based
stream number decision algorithms and compare them to UE-
based stream number decision performance. Simulations show
good average throughput and BLER values for the TBS-based
algorithm with linear least square predictive initialization at
aggressive downgrade thresholds and low DS counts. Also
downgrade blocking at downgrade thresholds CQId of 0 and
1 was observed for the TBS-based algorithm, which lead to
significant degradation of throughput performance. Finally we
investigated the behaviour of our algorithms for suboptimal
conditions. The TBSeff-based algorithm proved to have the
highest throughput, while retaining performance similar to the
TBS-based algorithm under improved conditions. This case
is particularly interesting when the estimators necessary for
evaluating the feedback do not work properly or are poorly
implemented.
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