
 On Improving Perceived User Throughput 
 in Heterogeneous HSPA, GERAN and 

 WLAN Scenarios  
R. Ljung#1, O. Sallent*2, J. Pérez-Romero*3  

#TeliaSonera, Malmö, Sweden 
1rickard.m.ljung@teliasonera.com 

*Dept. TSC, Universitat Politècnica de Catalunya, Barcelona, Spain 
2sallent@tsc.upc.edu 
3jorperez@tsc.upc.edu 

 
Abstract.— This paper considers a heterogeneous radio access 
network scenario where different Radio Access Technologies 
(RATs) are jointly managed. Different RAT selection algorithms 
are evaluated for both downlink and uplink transmissions, where 
the basic strategies of the algorithms are based on operator QoS 
policies. The total perceived system throughput gain from 
common radio resource management (CRRM) compared to a 
manual RAT selection scenario is analysed using three different 
examples of algorithms based on operator’s policies for RAT 
selection. 

I. INTRODUCTION 
In the heterogeneous network scenario different radio 

access technologies are in some extent combined over the 
same geographical area, which enables the network operator 
to exploit benefits from combining the usage of the radio 
technologies by means of common radio resource 
management (CRRM). That is, with the multiple RRM 
dimensions introduced by the heterogeneous network it will 
result in additional trunking flexibility in radio resources 
management and hence, improved total system performance 
can be achieved [1]-[3]. More specifically a key driver for 
CRRM algorithms could be for operators to achieve a cost 
efficient network while at the same time being able to provide 
a wide range of services and being flexible for end users in 
terms of network connectivity. The cost efficiency could e.g. 
be achieved by using CRRM algorithms to increase the total 
available heterogeneous system capacity using an existing 
network infrastructure, or alternatively to decrease the 
required total network infrastructure while maintaining a 
constant heterogeneous network capacity.  

In combination with the increasing demand on operators in 
the future to provide a wide range of services and flexibility in 
terms of network connectivity, there is also an increasing 
demand on the mobile operator to be able to handle many 
different quality-of-service (QoS) levels in different locations 
or for specific groups of users. This is a result of the usage of 
different services in combination with explicit service level 
agreements (SLA) which an operator may sign with other 
operators or directly with a specific group of end users. In 
these cases advanced CRRM algorithms could be used to 

handle the need of specific operator policies in different areas 
or for certain services. 

In order to quantify the potential gain of CRRM this paper 
analyses data traffic performance in both uplink and downlink 
directions, using three different operator RAT selection 
policies, compared to a general manual RAT selection 
procedure. It is worth mentioning that CRRM in general and 
RAT selection mechanisms in particular have received a lot of 
attention in recent years, clearly acknowledging the key role 
that these strategies will have for a full realization of Beyond 
3G (B3G) scenarios. Research efforts have been oriented 
either to propose and assess the performance of heuristic 
algorithms [4]-[7] or to identify architectural and functional 
aspects for CRRM support [1][2][8][9][10].  

From an algorithmic point of view, in [4] and [5], 
mechanisms to balance the load in different RATs by means 
of vertical handover decisions are analyzed. However, the 
service-dimension is not captured in the problem because only 
real time services are considered. Similarly, Lincke discusses 
the CRRM problem from a more general perspective in e.g. 
[6] and references therein, comparing several substitution 
policies and including the multi-mode terminal dimension 
with speech and data services. Finally, in [7] the authors 
propose a RAT allocation methodology that considers the 
specific radio network features of a CDMA network to reduce 
the interference by allocating users to RATs depending on the 
total measured path loss and capturing also the service 
dimension but considering that all terminals support the 
available RATs and that the involved RATs support the same 
services. 

In this context, this paper represents one step forward in the 
CRRM field from three main perspectives. First, the paper 
evaluates the achievable TCP throughput taking into 
consideration the involved delays in the transmission, which 
leads to a closer reference to the user experience. Second, this 
paper evaluates both uplink and downlink directions, whereas 
prior state of the art focused on a single link, either uplink or 
downlink. Third, the solutions proposed and evaluated in the 
following sections consider a more advanced scenario, where 
HSPA features jointly with GERAN and WLAN technologies 
are included.  
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This paper is organised as follows. Section II describes the 
RAT selection algorithms. Section III describes the simulation 
environment and results are provided in Section IV. Finally, 
Section V summarises the conclusions. 

II. CRRM RAT SELECTION ALGORITHMS  
Wireless networks differ from each other by air interface 

technology, cell-size, services, price, access, coverage and 
ownership. The complementary characteristics offered by the 
different radio access technologies (RATs) make possible to 
exploit the trunking gain through CRRM algorithms. 
Consequently, the different RAT selection policies can be 
based on a wide variety of both technical and economical 
objectives. Particularly, within this analysis a number of QoS 
parameters are defined in order to eventually specify the 
overall operator QoS policy. This policy could, as described in 
section 1, be a result of a general operator QoS setting or e.g. 
a result of specific service level agreements. The parameters 
are: 

 
1) Minimum accepted end user throughput ratio. This ratio 

is defined as the minimum perceived data rate one user 
will accept during a data upload or download divided 
with the maximum radio bearer (or equivalent) data rate 
available in that RAT. 

2) Service prioritisation. This parameter gives the operator 
the possibility to individually prioritise the services 
within the heterogeneous network.  

Using these parameters in combination with different 
CRRM algorithms the operator can allocate data traffic onto 
the different radio access networks following the SLA 
demands or other operator policies. We assume that when a 
data service request is made by one of the users in the system, 
information on this data transmission is sent to the CRRM 
buffer. The different CRRM algorithms determining how to 
empty the CRRM buffer based on the above mentioned 
operator policies are described in the following subsections. 

A. Algorithm 1: Long term optimisation criteria 

At each time the CRRM block is activated for a new 
evaluation the following optimisation is made. The CRRM 
algorithm finds the combination of data services allocated to 
radio interfaces that in the end would lead to the shortest time 
until the CRRM buffer is empty (assuming no new data 
requests would come). We assume that C = [C1 C2, C3 … 
Cn] is the resulting combination of allocations in time that 
will be used, where n allocations are needed to empty the 
buffer. Hence, at first C1 will be used, and when one or more 
radio links is available a new allocation (C2) will be used, 
etc., until the whole CRRM buffer is empty, using the last 
allocation (Cn). Assuming then that the time “T(C)” is the 
time T that it would take to empty the CRRM buffer using the 
combination C, this algorithm finds the lowest T(C) 
achievable. 

B. Algorithm 2: Short term optimisation criteria 

This CRRM algorithm finds the combination of data 
services allocated to radio interfaces that will lead to the 
shortest time until one or more radio links is available. Hence, 
it also minimises the time until a new CRRM allocation will 
be made. We assume that C1 is the allocation that will be used 
as a result from this CRRM decision. Further T(C1) is the 
time that it will take until one or more data transmissions is 
finalised using the allocation C1. This algorithm finds the 
lowest T(C1) available. 

C. Algorithm 3: Waterfilling RAT prioritisation 

As described above the operator using the CRRM block has 
a set of parameters determining the operator CRRM policy. 
These parameters are e.g. minimum QoS levels for the radio 
interfaces and for the services, but also a prioritisation 
between the different services. The algorithm analyses the 
expected available data rates for each new transmission from 
the CRRM buffer. At each new allocation of a transmission 
request to a radio link the network with highest available data 
rate is utilised. This is repeated until all radio access networks 
are fully loaded up to the maximum number of allowed radio 
links (due to operator policy) or until the CRRM buffer does 
not contain any more non-allocated transmission requests. 

In practice, using e.g one 802.11a network, one R99 
WCDMA network and one GSM/GPRS network this results 
in a waterfilling algorithm where the WLAN (which usually 
has the highest data rates available) is filled until being fully 
occupied. Then 3G network is filled, and last 2G network is 
filled. The filling order is the priority order, so the highest 
prioritised service is the first service that is filled. 

D. Algorithm 4: Reference case without CRRM - Manual RAT 
selection 

This algorithm is the reference case without advanced 
CRRM algorithm utilisation. With this selection the services 
are directly mapped to the radio access networks without 
impact of CRRM signalling or CRRM delays. The general 
mapping is made as follows: The users are assumed to choose 
WLAN for high payload transmissions, (e.g. web, ftp) and 
GPRS for low payload and QoS limited services such as SMS 
and MMS. The other services go to UMTS. 

For these particular simulations where the services are web 
browsing, streaming, email and MMS we get the following 
manual radio access selection: 

 
- Web browsing and streaming use WLAN 
- Email services use 3G 
- MMS services use 2G 

III. SCENARIO AND SIMULATION MODEL 
The scenario considered in this paper is a 0.02 km2 indoor 

hotspot covered by outdoor macrocellular GSM and UMTS in 
combination with an indoor picocellular WLAN. The GSM 
and UMTS base stations are three-sector sites, i.e. three cells 
per BTS and node B respectively. Table 1 summarises the 
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main parameters describing the hotspot within urban area 
scenario. 

TABLE I  MAIN SCENARIO PARAMETERS 

 UTRAN GERAN WLAN 

RAT area per cell (km2) 0,07 0,2 0,0014 

BS/AP distance (m) 400 566 45 

BS/AP height (m) 15 25 3 

#BS/AP cells in Study area 3 2 11 

LOS ratio to building (%) 50 50 Indoor only 

 
As already mentioned the services used in the simulation 

are web browsing, data streaming, email and MMS. We 
assume that the operator has a 25% market share with a 
hotspot population density of 100000 persons/km2 and 90% 
mobile usage penetration. The total traffic minutes per busy 
hour is in average assumed to be 4 minutes, where service 
usage in minutes is equally shared among the services. It is 
assumed that all terminals have multi-mode capabilities, i.e. 
they can be connected either to UTRAN, GERAN or to 
WLAN.  

The different parameters are based on the scenarios defined 
for the AROMA project [11]. The urban macrocell 
propagation model in [12] is considered for UTRAN and 
GERAN systems, using L(dB)=128.1+37.6log(d(km)) with an 
additional shadowing with standard deviation 10 dB. For 
WLAN the indoor path loss model is in the following form, 
L=37+20Log10(R)+ΣkwiLwi+18.3n((n+2)/(n+1)-0.46) which is 
derived from the COST 231 indoor model and further refined 
according to COST 259 [13]. 

Web, streaming and email services are provided in UTRAN 
by means of dedicated channels (DCH), high speed downlink 
shared channel (HS-DSCH) or enhanced dedicated channel 
(E-DCH) depending on the transmission direction and 
whether HSPA is utilised or not. The considered DCH RAB 
assumes a maximum bit rate of 64 kb/s in the uplink and 384 
kb/s in the uplink. The HS-DSCH is assumed to utilise a 
maximum of 3.8Mbps and the E-DCH of 2Mbps. In GERAN, 
the corresponding services are provided through a PDCH 
(Packet Data Channel) with a maximum user data rate of  
13,4kbps per time slot for GPRS (CS-2) and 59,2kbps per 
time slot for EGPRS (MCS-9). The WLAN system is assumed 
to be a 802.11 a/b/g system with maximum link data rate of 
54Mbps.  

The basic structure of the simulator is based on analyses of 
the perceived user data throughput calculated by the total time 
needed to finalize a certain data transmission. The total time 
for a transmission is calculated starting with the data 
transmission request. Once the connection is established 
between the terminal and one of the radio access networks a 
transport channel setup is conducted. This is followed by 
CRRM signaling delays and the actual data transmission over 
TCP including possible RAT handovers within the 
transmission. The transmission process including possible 

CRRM re-allocations (possibly resulting in inter RAT 
handovers) continues until the entire payload for the specific 
service has been transmitted. The total time needed for the 
transmission will then result in a perceived TCP throughput. 
The principle for the process is illustrated in Figure 1. 

 
Figure 1.- Principle of CRRM simulator process 

IV. RESULTS 
In the evaluation of the total system perceived throughput 

simulations for CRRM we will analyse the uplink as well as 
downlink direction. In all simulations we will use the manual 
RAT selection procedure, denoted as algorithm 4, as the 
reference algorithm and the performance of algorithms 1 to 3 
will be show as relative gain compared to algorithm 4.  

A. Downlink perceived throughput with CRRM 

The total perceived system throughput performance for the 
simulation scenario utilising the four different CRRM 
strategies are shown in Figure 2. For UTRAN we show the 
results with and without HSDPA capabilities, while GERAN 
is always utilising GPRS. As general operator policy 
parameter we use in this first case a 1% minimum accepted 
data ratio and a service prioritisation of high payload traffic.  

It can be seen that the relative CRRM throughput gain 
using the algorithms one to three varies between 35 to 40%, 
indicating the potential gain from advanced CRRM 
algorithms. If we also consider the performance impact when 
introducing HSDPA in the network it can be seen that the 
throughput in the 3G network is increased significantly by the 
introduction of the high speed downlink shared channel, 
which is a result of the reduced network delays compared to 
the legacy DCH. A reduced round trip time improves both 
initial setup delays, but also the TCP performance 
significantly. 
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Figure 2.- Downlink perceived throughput with and without HSDPA 

CRRM 
allocation 

Transport 
channel setup 

Data 
transmission 
(TCP) 

Possible RAT 
handover 

Connection 
establishment 

CRRM re-
allocation 

703



Next we consider the impact of the operator RAT policy 
that will set the basic requirements on the CRRM algorithms. 
In this context we will modify the minimum accepted 
throughput ratio as a tuning of the operator QoS level for the 
multimode end users. The minimum QoS level defines a ratio 
between the maximum user bit rate available for each RAT 
and the expected perceived user throughput for a user 
awaiting a data transmission. If the expected perceived user 
throughput is below the threshold the user would not be 
satisfied with the achieved CRRM QoS, and the user will 
instead get access to another RAT or wait until more resources 
are available.  

The two levels of minimum QoS used for these simulations 
are 1% and 5% of the maximum user bit rate (equivalent radio 
access bearer) for each RAT. The 1% target is denoted as the 
low QoS level, and the 5% target as the high QoS level. 
Figure 3 shows the performance comparing two QoS levels. It 
can be seen that when increasing the QoS level in the 
networks the total system throughput is slightly reduced as a 
consequence of the more stringent CRRM admission control. 
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Figure 3.- Downlink perceived throughput for different operator QoS policies 

The packet size in each service payload will impact the 
CRRM performance since in general the time spent 
transmitting data will be longer and the time spent for system 
setups will be shorter. However the impact is somewhat 
reduced since the setup time when making an inter-RAT 
handover is not negligible. The total CRRM throughput is 
therefore improved because of the larger ratio of payload 
compared to service initiations, but reduced because of more 
inter-RAT handovers.  

In order to quantify the CRRM throughput in the hotspot 
within urban area we consider a scenario where the operator 
specific service prioritisation is based on payload sizes. 
Hence, a service generating large packets can be prioritised 
higher or lower compared to small packet payloads. Figure 4 
shows the impact of service prioritisation. We can see that the 
performance when prioritising small packets is slightly lower 
than the large packet prioritisation. In general the impact of 
setup delays on the 2G network performance is larger than the 
other networks due to the large system delays resulting in a 
relatively low GERAN system performance. 
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Figure 4.- Downlink perceived throughput for different service prioritisation 

B. Uplink perceived throughput with CRRM 

In this subsection we consider a simulation setup similar to 
the previous case, but we will analyse the uplink perceived 
throughput instead. Hence, the major difference in terms of 
CRRM aspects is that the data upload request from each user 
must be initiated by signalling flow to the central CRRM 
block. After CRRM decision, the radio network grant is 
signalled back to the end user terminal, followed by the actual 
uplink data transmission. Hence, we can consider this CRRM 
signalling procedure as an extra signalling overhead that will 
have a negative impact on the perceived data throughput.  

Figure 5 shows the results for uplink transmission. By 
looking at the total CRRM system throughput the potential 
benefit of using CRRM is large, since the demanding services 
can be allocated to WLAN, having high total data capacity. As 
for the downlink direction the perceived performance of the 
individual CRRM algorithms is similar to each other, but all 
of them are still significantly better than the manual RAT 
selection procedure. However, when comparing the results 
with downlink transmissions it can be seen that the uplink 
CRRM has a lower average CRRM gain. This is a result of the 
additional signalling delays introduced in using a centralised 
CRRM block within the control signalling dimension.  
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Figure 5.- Uplink perceived throughput for different CRRM algorithms 
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The CRRM algorithms can in many cases contribute to a 
high perceived throughput due to the large difference in 
average throughput performance between the radio access 
technologies. However, with improvements in the UTRAN 
and GERAN standards the maximum bit rates can be 
improved also in the uplink. Figure 6 shows the relative 
perceived CRRM throughput for a case when the 2G and 3G 
networks are improved with EGPRS and EUL (HSUPA) 
functionalities. Hence, the 2G and 3G packet performance is 
significantly improved. It can be seen that the gain with 
CRRM is very much reduced compared to Figure 5, since the 
difference in cell capacity performance between the radio 
access networks are reduced.  
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Figure 6.- Relative perceived CRRM throughput in case that 2G is improved 

with EGPRS and 3G with HSUPA 

V. CONCLUSIONS 
This paper has presented a concept for RAT selection in 

heterogeneous wireless networks based on operator QoS 
policy selection. Within the CRRM algorithms both end user 
requirements and general operator-centric parameters can be 
introduced. The CRRM based RAT selection was shown to 
improve both uplink and downlink perceived system 
throughput while still providing a flexible framework for RAT 
selection strategy handling and implementation of operator 
QoS selection strategies from service level agreements or 
other operator policies. 
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