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1. INTRODUCTION

In this contribution, we propose an enhancement of the High-Speed Downlink Packet Access (HSDPA) channel
of the TDD system for a MISO (multiple input, single output) antenna architecture. Multiple transmit antennas
are used at the Node B, and only a single antenna is required for each UE. However, additional antennas can be
used at the UE to provide receiver diversity. We provide a high-level architectural description of our
enhancement, outline its potential benefits, and provide some numerical results to quantify the performance
gains achievable.

2. MOTIVATION

It is well known that the capacity of a wireless communication system is greatly increased through the use of
multiple transmit and receive antennas, without requiring additional bandwidth or power resources. Since
multiple-antenna terminals are not available in the near term, it is desirable to study the potential benefits of
deploying multiple antennas at the base station transmitter alone.

With a single receive antenna, the channel has only one spatial mode, and it is therefore not possible to transmit
multiple spatially-separated independent data streams to each user on the downlink. However, conceptually, the
availability of multiple transmit antennas still opens up two possibilities:

1. It allows for beamforming on the downlink, whereby the base station can increase the SNR of the user
being transmitted to, by focusing the transmitted energy in the direction of that user.

2. It allows for simultaneous transmission to more than one user through space division multiplexing.
This provides an extra dimension in which to separate users on the downlink (besides code
multiplexing).  

Both of the above require some degree of channel state information at the transmitter. In an FDD system, this
information generally has to be fed back by each user to the base on the uplink. However, in a TDD system, the
reciprocity of the channel permits the base station to use uplink channel estimates on the downlink as well. This
approach also largely eliminates the degradation due to uplink feedback delay, quantization, and detection errors
typically encountered in an FDD system (in addition, channel state feedback can consume a large fraction of the
available uplink capacity). Thus, multiple transmit antennas are particularly well suited to a TDD system.

3. SYSTEM DESCRIPTION

We consider a TDD cellular downlink packet data system with M antennas at each base station and 1 antenna at
each terminal. We assume that the base station periodically obtains downlink channel state information for all
active users by estimating their uplink channels (using the pilots transmitted on the uplink). This channel state
information is used by a downlink scheduler (possibly in conjunction with other information like buffer
occupancy states) that decides which user(s) to serve during each downlink time-slot, and at what rate(s); the
scheduler generally attempts to maximize system throughput subject to various fairness and QoS constraints.
The channel state information is also used to determine the transmit antenna weights for each user
(beamforming).

To begin with, we assume that only one user is transmitted to in any slot. In this case, it is easily verified that the
SNR at the scheduled user’s terminal is maximized by setting the transmit antenna weights to be the complex
conjugates of the corresponding channel coefficients (we are assuming here, for simplicity, that the channels are
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flat-fading). When the channel coefficients corresponding to the M transmit antennas are independently fading
with the same fading distribution, we can thereby achieve M-fold diversity as well as an M-fold increase in the
average received SNR (beamforming gain).

In addition, the presence of multiple transmit antennas allows more than one user to be scheduled for
transmission in the same slot, while still serving each of them using all the available spreading codes (note that
the available transmit power must still be divided between the users). The users can be separated in the spatial
dimension by allocating different transmit antenna weight vectors to each of them. The simplest way to do this is
through zero-forcing beamforming, where each scheduled user’s weight vector is chosen to be orthogonal to all
the other scheduled users’ channels, so that there is no interference between the users (this is possible if and only
if the users’ channel vectors are linearly independent). With M antennas, one can form up to M orthogonal beams
under certain assumptions about the linear independence of the spatial channels. The spatial reuse of the
available downlink spreading codes during each slot can result in significantly greater system throughput, as
indicated by our preliminary numerical results.

Figure 1 below shows a block diagram of the proposed beamforming architecture. For simplicity, we show the
case of M = 2 transmit antennas forming two orthogonal beams. The data from users 1 and 2 are demultiplexed
and spread using the same set of spreading codes (labeled 1 through 10) and the same scrambling code. The
same spreading codes are used for the same reason this is done in the MIMO code reuse proposal [3]; that is for
maintaining orthogonality to other users sharing the code space. Alternatively, different spread codes could be
used to lower residual intercode interference if code orthogonality with other users is not desired. The M-
dimensional weight vectors 1w  and 2w  are applied respectively to the data streams of user 1 and 2. The
weights, and implicitly the powers allocated to each user, are a function of the spatial channel coefficients and
determined by the scheduling algorithm. In this contribution, we assume that zero-forcing beamforming is used
so that the weight vectors are mutually orthogonal.

While zero-forcing is not optimal in terms of achieved throughput, it is a reasonable choice given its conceptual
simplicity and ease of implementation. There is considerable flexibility in the choice of the subset of users
scheduled for transmission in each slot. This choice must be made in such a way that users are generally served
when their own channel conditions are favorable (so as to extract the benefit of multiuser diversity). However, at
the same time, care must be taken to ensure that the channel vectors of the scheduled users are not close to being
linearly dependent, since zero-forcing will then result in a large power penalty. Also, with a large number of
active users, it may be impractical to search over all possible subsets of users to determine the best subset for
zero-forcing. In such a situation, some heuristics will have to be developed to restrict the search to a tractably
small number of promising candidate subsets of users.
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Figure 1. Block diagram of beamforming proposal
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4. NUMERICAL RESULTS

We evaluate the throughput for a scheduled downlink packet data system for the following system architectures:

(1,1), U = 1, Conventional single antenna system serving a single user at a time.

(4,1), U = 1, MISO system serving a single user at a time.

(4,4), U = 4, MISO system serving 4 users at a time.

The system simulation consists of a base station scheduler serving multiple users within a sector. The throughput
is measured in terms of the average Shannon capacity achieved by each user over the course of J frames, where J
is several thousand. We consider the throughput of K = 16 users in the center cell of a system with two tiers of
interfering cells (a total of 19 cells, including the center one). The channel for each user is modeled by two
components: a fixed signal-to-interference ratio (SIR) which is fixed for the duration of the simulation, and a fast
fading component which varies from frame to frame.

The SIR kγ for the kth user (k = 1 … K) is generated from the ordered statistics which are computed prior to
running the simulation. The ordered statistics are the ordered average SIR of the K users, averaged over a large
number W of random placements of users. For a given placement, K users are placed randomly according to a
uniform distribution in the center cell, and their SIRs are computed. The signal power corresponds to that of the
strongest signal from all 19 cells, and the interference power corresponds to the sum power of the remaining 18
cells. All bases are assumed to transmit at full power, and the received signal power from each base is attenuated
from path loss (path loss coefficient –3.5) and log normal shadow fading with 8dB standard deviation. The
shadow fading realizations are independent across users and placements. For the wth (w = 1 … W) placement of
K users, their SIRs are ordered from lowest to highest: ,1 ,...w w Kγ γ , and the average SIR for the kth user is:

,1
/W

k w kw
Wγ γ∆

=
=� .

The fast fading component between the serving base's M antennas and the kth user during the jth frame (j = 1 …
J) is represented by an M dimensional complex vector ( )k jh . This vector is a complex Gaussian random vector
whose components are i.i.d. with zero mean and unit variance.

The channel vector between the serving base and the kth user during the jth frame is ( ) ( )k k kj jγ∆=h h , k = 1 …

K. We assume that ( )k jh  is known perfectly at the base station. Then if the base is transmitting to only the kth

user with full power, the received SNR is 2( )k jh , and the achievable Shannon capacity is

( )2
2( ) log 1 ( )k kR j j= + h .

If zero-forcing beamforming is used, then we can transmit simultaneously up to U = M users. For a given set of
U users S(U) and weights 1( ),..., ( )Uj jµ µ , the beamforming weights can be computed to maximize the weighted
sum capacity :

( )
( )

( ) ( )S U k k
k S U
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Details for the setting the beamforming weights based on a weighted waterfilling solution are given in [1]. On a
given frame j, the base station transmits to the subset of at most U users which maximizes the weighted sum
capacity:

( )( )
arg max S US U

R�
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where the maximization is performed over all possible U-user subsets of the total K user pool. To provide
fairness so that users with low average SIR are not denied service, the weight ( )k jµ  for the kth user during the
jth transmission interval is the reciprocal of the average capacity given by

, ,( ) (1 ) ( 1) ( 1)avg k k avg kR j R j R jδ δ= − − + −

where δ =0.99 is the forgetting factor, and ( 1)kR j − is the capacity achieved by the kth user during the previous
frame. For the special case of serving a single user (U = 1) at a time, the maximization of the weighted sum
capacity is achieved using the well-known proportional fair scheduler [2].

Figure 2 below shows the capacity averaged over F frames of each of the K = 16 users for the three system
architectures. The (1,1), U = 1 system corresponds to a conventional single antenna system with proportional fair
scheduling. The average capacity (averaged over the K users) is 0.182 bits/symbol/user. Using M = 4 transmit
antennas and beamforming, the capacities for each user can be increased. Compared with the (1,1) system, the
relative gains in the (4,1) system with U = 1 are higher for the users with lower average SIR. The average
capacity of this system is 0.242 bits/symbol/user, or about 30% higher than the (1,1) case. Allowing the
possibility of transmission to multiple users with zero-forcing beamforming, the user capacities increase
dramatically. The average capacity is 0.437 bits/symbol/user, or 240% higher than the (1,1) case. Compared to
the (4,1), U = 1 case, the gain is about 80%. These gains can be achieved using sophisticated scheduling at the
base and do not required additional complexity at the receiver.
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Figure 2. Cumulative distribution of achievable capacities

5. CONCLUSIONS

We have proposed enhancements to the HSDPA TDD system based on Node B beamforming using channel state
information obtained from the reciprocal TDD channel. These beamforming techniques can increase the received
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SNR at the UE without requiring additional UE complexity. Even more significant gains can be achieved if zero-
forcing beamforming is used to transmit simultaneously to multiple users. These performance gains have been
demonstrated through numerical simulations based on Shannon capacity. The same relative gains can be
expected using conventional encoding techniques.

While this contribution has assumed single-antenna UEs, multiple antenna UEs could further improve
performance through receiver diversity and combining. Alternatively, MIMO techniques could be used if the
UEs had multiple antennas. Finally, we note that the MISO beamforming techniques described here can be
operated in a time-division duplexed manner with the MIMO PARC system [3].
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