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Abstract
In this paper, we investigate throughput optimization in High 
Speed Downlink Packet Access (HSDPA). Specifically, we propose 
packet rate estimator PRE for HSDPA over the network rate and 
specifies the active flow fairness and optimizes the HSDPA. In 
the proposed scheme, high-bandwidth flows are identified via 
a multi-level caching technique and calculate PRE.We follow 
the previous system method of offline and online algorithms for 
adjusting the Channel Quality Indicator (CQI) used by the network 
to enhance the  schedule data transmission. In the offline algorithm, 
a given target BLER is achieved by adjusting CQI based on ACK/
NAK history. By sweeping through different target BLERs, we 
can find the throughput optimal BLER offline. This algorithm 
could be used not only to optimize throughput but also to enable 
fair resource allocation among mobile users in HSDPA. In the 
online algorithm, the CQI offset is adapted using an estimated 
short term throughput gradient without specifying a target BLER. 
An adaptive stepsize mechanism is proposed to track temporal 
variation of the environment. We investigate convergence behavior 
of both algorithms. Simulation results show that the proposed 
offline algorithm can achieve the given target BLER with good 
accuracy. Both algorithms yield up to 30% HSDPA throughput 
improvement over that with 10% target BLER.
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I. Introduction
The success of 3rd generation wireless cellular networks is mainly 
based on efficient provisioning of the expected wide variety of 
services requiring different Quality of Service with respect to 
data rate, delay and error rate. In order to improve support for 
high data rate packet switched services, 3GPP has developed an 
evolution of UMTS based on WCDMA known as High Speed 
Downlink Packet Access (HSDPA) which was included in the 
Release 5 specifications [1]. HSDPA targets increased capacity, 
reduced round trip delay, and higher peak downlink (DL) data 
rates. Evolutions of HSDPA featuring data rates up to 84 Mbps 
are under development. 
In HSDPA, the User Equipment (UE) (also known as mobile 
station) monitors the quality of the downlink wireless channel 
and periodically reports this information to the base station 
(referred to here as NodeB) on the uplink. This feedback, 
called Channel Quality Indicator (CQI), is an indication of the 
highest data rate that the UE can reliably receive in the existing 
conditions on the downlink wireless channel. The frequency 
of reporting CQI is configured by the network, and is typically 
set to once every few milliseconds. Using the channel quality 
reports, the NodeB accordingly schedules data on the High Speed 
Physical Downlink Shared Channel (HS-PDSCH). The NodeB’s 
selection of the transport block size (number of information bits 
per packet), number of channelization codes, modulation and 
resource allocation choices such as HS-PDSCH transmit power 
allocation are guided by the NodeB’s interpretation of the reported 
CQI. CQI reports are intended to accurately reflect the HSPDSCH 

performance that the UE can support in the existing wireless 
channel conditions. It is recommended in [2] that, in static channel 
conditions, the UE report CQI such that it achieves a Block Error 
Rate (BLER) close to 10% when scheduled data corresponding 
to the median reported CQI. In practice, the accuracy of CQI 
reports in reflecting HS-PDSCH performance is influenced by 
the wireless channel conditions such as the speed of the mobile 
user and the dispersive nature of the channel. Achieving a certain 
target BLER at a given scheduled data rate requires different 
average HS-DSCH SNR under different channel conditions. Also, 
the NodeB often uses different transport block sizes, number of 
codes and modulation, collectively referred to as the Transport 
Format Resource Combination (TFRC), to achieve similar data 
rates. The exact choice of TFRC that the NodeB uses affects the 
required HS-PDSCH SNR to achieve a certain target BLER. These 
variabilities may cause the actual BLER to deviate from the 10% 
target. Moreover, the 10% target BLER may not yield maximum 
throughput under all conditions of the wireless channel.
The cell throughput optimization in HSDPA can be considered a 
two part problem: one is code and power allocation across users, 
and the other is maximizing the link throughput for each user for 
a given resource allocation. In this paper,we focus on the link 
throughput optimization and consider throughput optimization 
through simple adjustments to the reported CQI. We propose 
Packet Rate Estimator, Multi caching  technique and follows 
previous online and offline algorithms. For adjusting the CQI

II. Related Work
The success of 3rd generation wireless cellular networks is mainly 
based on efficient provisioning of the expected wide variety of 
services requiring different Quality of Service with respect to 
data rate, delay and error rate. In order to improve support for 
high data rate packet switched services. In the offline algorithm, 
an adaptive algorithm to achieve a given target BLER using the 
stochastic gradient descent method, which adjusts the CQI offset 
adaptively based on the short term BLER obtained from the ACK/
NACK history. By searching through different target BLERs, 
we can find the throughput optimal BLER offline. The proposed 
algorithm can be implemented at the UE as well as at the Node 
B. When applied at the Node B, in addition to achieving the 
target BLER, it can also save transmit power. This algorithm 
could be used not only to refine CQI-BLER alignment but also 
to enable fair resource allocation among mobile users in HSDPA. 
Standard stochastic approximation (SA) algorithms typically 
require a decreasing stepsize [3]. We show the convergence 
of the offline algorithm with a constant stepsize. In the online 
algorithm, a variation of the Kiefer-Wolfowitz algorithm [4], in 
SA, which does not need to specify a target BLER. The CQI offset 
is adapted gradually using an estimated short term throughput 
gradient. Unlike [4], the stepsize in the proposed algorithm does 
not decrease to zero. In addition, an adaptive stepsize mechanism 
is proposed to track temporal variation of the environment. With 
a constant stepsize, we show that the proposed online algorithm 
converges to a small neighborhood of the local optimal solution. 
Our simulation results show that the proposed offline algorithm 
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can achieve the given target BLER with good accuracy. Both 
throughput optimization algorithms are shown to improve the 
throughput by up to 30% in simulation. The throughput optimal 
BLER is calculated for popular channel path profiles. In general, 
the throughput optimal BLER is not always 10% and depends on 
the channel path profile. For AWGN channels, it is about 10%, as 
is implied in [5]. Considering that the UE implementation in the 
simulation closely mirrors commercially shipping devices and 
already includes several receiver optimizations, the additional gain 
obtained through the algorithm is indicative of potential HSDPA 
throughput enhancement realizable in practice.
Link Throughput Expression in HSDPA
Throughput in HSDPA is the rate of transfer of information bits 
over the wireless channel in units of bits per subframe. For a 
given resource allocation across users, the network may schedule 
different TFRCs to a user depending on the perceived channel 
conditions of the user. The model[a] The objective of this paper 
is to maximize the average Throughput.
OfFLINE THROUGHOUT OPTIMIZATION[a]
ONLINE THROUGHOUT OPTIMIZATION[a]

III. Proposed Model
wireless cellular networks is mainly based on efficient provisioning 
of the expected wide variety of services requiring different Quality 
of Service with respect to data rate, delay and error rate. In order 
to improve support for high data rate packet switched services, 
3GPP has developed an evolution of UMTS based on WCDMA 
known as High Speed Downlink Packet Access (HSDPA ). HSDPA 
targets increased capacity, reduced round trip delay, and higher 
peak Downlink (DL) data rates. 
In the proposed system we are investigating the throughput 
optimization in in High Speed Downlink Packet Access (HSDPA). 
we propose packet rate estimator PRE for each packet arrival 
of  HSDPA over the network rate and specifies the active flow 
fairness and optimizes the HSDPA by giving priority to  high 
speed flows . In the proposed scheme, high-bandwidth flows are 
identified via a multi-level caching technique and calculate PRE. 
The method considers temporal and space factors for scheduling 
data transmission. We follow the previous system method of 
offline and online algorithms for adjusting the Channel Quality 
Indicator (CQI) used by the network to enhance the  schedule data 
transmission.By taking the advantage of  Packet Rate Estimator, 
and multi cashing technique the CQI outperforms the previous 
systems

A. Multi Caching Technique
The proposed flow identification scheme maintains a cache 
consisting of n levels of k parallel registers containing k ∗ n 
packets in total. After receiving a new packet, for each level of 
the cache, the scheme updates a randomly selected register with 
the new packet, with a certain probability. Consequently, we can 
assume that each level of the cache contains packets the total 
number of which is proportional to the flow sending rates. With the 
proposed cache, the proposed scheme identifies a high bandwidth 
flow as follows: After a packet is received, it is compared with 
the cache with a given probability, and the flow is identified as a 
high bandwidth flow when each level of the cache contains at least 
one packet from it. Once a flow is detected as a high bandwidth 
flow, we create an entry for the flow in the hash table, and count 
packets from the flow in order to measure its sending rate. In the 
following analysis, we show that the proposed scheme effectively 
reduces the identification probability for small flows.

Analysis: Assume a flow with an the input traffic rate of r, which  
means that if 1% of the input traffic belongs to the flow, then r = 
0.01. The cache consists of n levels of k registers. Assuming that 
the cache is properly managed in order to contain a number of 
packets proportional to the input rate of each flow, the probability 
that one level of k registers in the cache contains at least one packet 
from the flow with rate r is 1 − (1 − r) k. Since an entry for a flow 
is created when each level includes at least one packet from the 
flow, the probability (Ph) of creating an entry (identification) for 
a flow with rate r during each comparison is as follows:

  (1)
Let Pt be the probability that an arriving packet will be compared 
with the cache, and C be the link capacity (packet/sec). Then, the 
probability (Pe) that an entry for a flow with rate r will be created 
within Tr seconds is 

  (2)
Eq. (1) shows that a larger k value  increases the identification  
probability  for a flow regardless of its rate r,  whereas a larger n 
value decreases the identification probability exponentially with 
dependence of rate r. With respect to a fixed cache level n, a larger 
cache (larger k value) increases the identification probability, and 
thus decreases the identification delay. For the same amount of 
memory, a larger n exponentially increases the identification bias 
toward high-bandwidth flows, and decreases the identification 
probability of a flow. Based on the analysis, we can estimate 
the identification probability for high-bandwidth flows within a 
certain response delay.
Here, we suggest how to control the cache comparing probability 
and the cache replacement probability with an arriving packet. To 
control the speed and the accuracy of identifying a high-bandwidth 
flow, we suggest setting the Comparing probability (Pt) as follows: 
Pt for achieving a given identification probability Pe within a given 
response time Tr can be calculated from (2) as follows:

 (3)

where, rf = Bf/C, and Bf is the fair share of bandwidth.
The cache refreshment rate can be also controlled as follows:
To update k elements in the cache within interval Tc, the probability 
(Pc) of cache-replacement when there is a new
arriving packet is set as follows:

     (4)  
To reduce the overhead of comparing incoming packets with 
the cache, we can consider employing the parallel or pipelined 
hardware implementation techniques presented in [9-10].

IV. Simulation Results
We evaluate the performance of proposed throughput optimization 
algorithms using a C++ HSDPA system simulator. The CQI 
mapping table for UE category 10 specified in [2] is used in 
all tests. A parameter, geometry G, is used in the simulations, 
which is defined as  G= Ior Ioc+N , where Ior is the signal power 
from Node B in the target cell, Ioc represents the signal power 
received from adjacent cells and N is the thermal noise power. We 



IJCST Vol. 3, ISSue 2, AprIl - June 2012ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology 657

consider AWGN, Pedestrian 3kmph (PA3, PB3), and Vehicular A 
30kmph and 120kmph (VA30, VA120) channels [8]. The offline 
algorithm depends on two parameters: window size w and stepsize 
α. For a fixed window size w, the larger the α, the larger the 
deviation of the CQI offset, the lower the throughput, and the 
faster the convergence. There is a tradeoff between the achievable 
throughput and the convergence rate. We used w=20 and α=1 to 
generate the results below. On comparison the BLER achieved 
using the proposed offline algorithm in different channels when 
the target BLER is 15%. We can see that the proposed offline 
algorithm can achieve the target BLER with a high accuracy. In 
the online algorithm, the window size should be chosen to be 
small so as to track the channel variation when channel varies 
fast. A target BLER of 10% is not always throughput optimal. 
The throughput optimal BLER depends on the channel profile. We 
see that the throughput optimal BLER varies from 10% to 90% 
for different channel profiles. At 10dB geometry, the throughput 
optimal BLER is 15% in AWGN and PA3, 20% in PB3, and 
90% in VA30 and VA120. In some channels, the throughput at 
the optimal BLER is about 30% higher than the throughput at 
10% BLER. The 30% throughput gain is significant in practical 
systems and it is achieved with low complexity. The network 
should base its choice of target BLER on channel variations. A note 
on our assumptions: in our simulations, we send retransmissions 
at the same transmit power as first transmissions - i.e. there is no 
power back-off in retransmissions. The presence of a power back-
off in retransmissions influences the throughput optimal BLER 
in different path profiles, as explained below. Retransmissions 
at lesser power are sufficient to recover the data in semi-static 
channels. In dynamic channels, the channel state may change 
significantly in the time between CQI measurement and the 
corresponding downlink transmission. For example, in Vehicular 
A 30km/h, the channel fading changes to an independent state 
in roughly 4ms, i.e. 2 subframes. When the network receives a 
CQI report and schedules data accordingly, the channel condition 
in which this data is received may be very different from that 
suggested by the CQI, and retransmissions may be necessary. 
Depending on the power level of retransmissions relative to the 
first transmission, relying more on retransmissions by operating 
at a higher first BLER may improve throughput.

V. Conclusion
We have investigated throughput optimization in HSDPA Using 
Packet rate estimator , multi caching  and   two adaptive outer loop 
algorithms. Both algorithms adjust the CQI offset to maximize 
the throughput. The offline algorithm used an adaptive algorithm 
to achieve a given target BLER using the stochastic gradient 
descent method based on the history of ACK/NACK. By searching 
through different target BLERs, the throughput optimal BLER 
can be found offline. The online algorithm used a variation of the 
Kiefer- Wolfowitz algorithm without specifying a target BLER. 
An adaptive stepsize mechanism was also proposed to make the 
algorithm robust to non-stationary condition. We have shown 
the convergence of both algorithms with a constant stepsize. 
Simulation results show that the proposed algorithms can achieve 
up to 30% throughput improvement over that with 10% target 
BLER. Interplay between the algorithms proposed here and other 
system level optimizations such as opportunistic scheduling may 
be an area for further study.
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