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Abstract: Radio access technologies (RATS) selection algosthave been studied
in the literature and nowadays equipment with seVRATS incorporated into it is
already common. The major goal of this work is teasure the gain obtained by
using WiFi as a backup network for HSDPA, allowfog preventing from quality of
service (QoS) deterioration when in a low mobikiyenario. Since IEEE 802.11e
already supports QoS, it was the natural choicee Phoposed RAT selection
algorithm is based on the load of each systemtladesults show a gain of 60% on
supported network load with QoS over the HSDPA-alsystem. As a consequence,
when there is heavy load for the IEEE 802.11e netwacceptance of high priority
services will affect the delay in low priority séres, like FTP.
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1. Introduction

The High-Speed Downlink Packet Access (HSDPA) of UMTS had leempleted in
2004, and is currently being rolled out by operators as a complemeheitoUMTS
network, for packet-based services. Release 5 of HSDPA hapotkatial to deliver
multimedia services with data rates up to 14 Mbps, providing wida aoverage, in
contrast to UMTS R99, that was originally optimised for vaeevices. In parallel, the
existence of IEEE 802.11e technology has been able to provide eokivalternative to
broadband access confined to local hotspot areas with goidigyvice support.

Although these two technologies have diverse system requirentieey share a
common user scenario where they could complement each other to seaiiminetwork
capacity. In an era where spectral resources are atdymn, it is essential for operators to
explore new technologies that can maximise the spectral efficef the system in order to
deliver low cost services to the end user. Hence, thensygstteat can complement each
other by cooperation will lead to higher resource utilization.

Although there is an efficiency charge for each Radio Ac@eshinology (RAT) to
handle different services, balancing the load between multygteras allows a better
utilization of the available radio resources, and more importam#yntain the QoS
provided to the end users. This multiplexing gain, due to combistdnss, in contrast to
disjoint ones, can be achieved if cross-system informatidiaipmg to each radio access
technology is taken into account, thus leading to the concept of etopenetworks. To
achieve this multiplexing gain, there is a need for a Common Radiource Management
(CRRM) entity that is responsible for the assignment of moloilesach RAT, where the



assignment is based on an operator specific criterion and usessgstasm information to
decide on the most optimal RAT assignment for each mobile.

Related work on CRRM, where Radio Access Technologies co-daistgperators,
appears as one of the definitions of the Beyond 3G systemreRe#e[1] presents an
algorithmic for CRRM load balancing in UMTS and GSM, while §2jlyses the capacity
when 3G/WLAN are available, based on the coverage. In [3] dacters that can
influence the RAT and cell selection and general fittingnest®rfare proposed for User-
centric and for Network-centric suitability.

In this paper we propose a RAT selection based on load siytatdiere the systems
are HSDPA and WiFi, under delay constraints services. Theepbof suitability is used in
terms of preferred access system to accommodate ieesbut this concept suitability
can change as load increase, in order to maintain the qualignotes (QoS) of delay
constraints services. So the goal should be to optimize thanasath RAT, without loss
of QoS guarantee, or with a gain in QoS provisioning.

In order to support QoS in WiFi, the IEEE 802.11e standard wasrghalgaving for
impairment with HSDPA classes of service. Its mediumesgcand control (MAC)
enhancements allows for supporting applications with tight QoS reagiits. By dividing
the traffic classes (or access categories) into four bufbees for each service class, |IEEE
802.11e prioritises the frames by using different inter-fragpacing and backoff
procedures [4].

The remaining of this paper is organized as follows. Se@idascribes the HSDPA
and WiFi coexistence scenario. Section 3 describes the amouised for RAT selection
and respective instantaneous load estimation based on radio propagatibiors for both
systems. Section 4 presents simulation scenario and modelsousd8DPA and WiFi,
performance metrics, and numerical results that measwredivtbrsity gain obtained with
CRRM. Section 5 presents the conclusions and suggestions farfudrk.

2. Networ k Coexistence Scenario

A CRRM algorithm for RAT selection is proposed in a common coeceaga based on
load between HSDPA and WiFi (IEEE 802.11e). The addressed iscénalepicted in
Figure 1. An IP-based core network is assumed that acts asidge between WiFi, and
HSDPA. In fact, this is aligned with future wireless tretttst envisage a B3G network, a
network of wireless networks that allow the users to attain saemeice through
heterogeneous networks. Specifically, we are addressing dgaeyl networks since we
aim to address short-term requirements. Within this IP clexedenvisage a cooperative
networking entity that logically communicates with HSDPA, and=Wo provide this
networking bridge, more specifically referred as the CRRMyenthich is responsible for
i) gathering system and user specific information, ii) psery this information according
to operator specific criteria, and iii) triggering a nemd@ver events according to the load
balancing criteria. Moreover, it is assumed that a commoratipedeploys either systems,
or those systems from different operators share a serviekslgreement.

This scenario addresses the delivery of near real time YMBRTV) services that can
be streamed either over HSDPA or WiFi systems. The endsusarrently subscribing to
an IPTV service, which is currently also being delivered dgwverWiFi hotspot. This initial
connection was chosen since it was deemed to be the mostg“fitietwork for the
requested service. An example is the following. The operatochwkimonitoring both
networking entities, observes a sudden surge in WiFi subscribernoauiag the WiFi
network, whilst UMTS is under-loaded, and handling the usual wg@ogces. The CRRM
entity suddenly decides that it would be more efficient to sbifte of the WiFi users to the



UMTS-HSDPA network, since this leads to better QoS provisiorémg, exploits the
existing network capacity in a more efficient way. As a consezpiehe CRRM triggers a
series of handover events that ensures an even load distributies both networks. When
a user is triggered for handover, the multi-mode terminalimilate a new connection with
UMTS-HSDPA, whilst gracefully terminating the existing coni@tiith WiFi. Note that
the handover events occur in a seamless manner.
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Figure 1. Coverage area for WiFi, HSDPA and fottbeystems

The study will mainly be focused on the criteria for handlinrgaadover event, whilst
neglecting architectural aspects of the intersystem handdtight/loose coupling,
centralized or de-centralized), including signalling aspects.dssumed that the values for
the metrics are available and can be obtained with no eByprssing load measurement for
both systems, based on the obtained suitability value, thethlgaselects the RAT which
the user should be attached to.

3. Algorithm Description and RAT Selection Suitability Policy
3.1RAT Selection Algorithm

An algorithm for selecting the most suitable RAT is proposeHd thie aim of balancing the
load in critical loading situations. The rationale behind tlyoréghm is the following: a
preferable RAT is selected by default to handle a serviseirasg in this case that the
service traffic is flexible and can be handled by more than éfe Rtudies on cross-layer
show that concave and convex functions are more suitable when ftgxaid limited
conditions are required [5], [6]. An empirical algorithm for Idzdancing among cells of
different RATs is proposed when a new call is requested. Tgmgithm is targeted to
flexible traffic and imposes certain flexibility on the systameaning that the service can
be held by each RAT. The algorithm for the suitabilyjs expressed by the following
equation and depicted graphically in Figure 2

1 if L(cell,)<LTh

S(L(cell ;) =4(1- L(cell ;)
1-LTh,

J if L(cell ;)>LTh @

wherecell; represents the cell or access paitelonging to the RAT], L(cell;) is the
normalized load in theell;, LTh is the load threshold for RAJ, andS(L(cell;)) is the
suitability value for accepting a new user in tiad;;.



The preferable RAT, e.g., HSDPA for NRTV, should be setéab the case of equal
suitability values obtained for cells of different RATS.
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Figure 2: Suitability for the load balancing seliext algorithm

LTh is the parameter of the algorithm and characterises thararof load reserved for
preferable traffic. So the operator should ‘play’ with this thoéivalue in order to set the
amount of traffic that a RAT will use for preferable seed. Simulation results will present
the performance of the network when different valudsTdf are assumed.

3.2Normalized Load Estimation

The normalized load estimation in any cell is obtained as tlelretween the active load
in the cell and the overall cell load capacity as desctiyettie following equation
— Lactive . (2)

normalized — L

L
capacity

Laciive IS the active load in the cell and can be directly obtainethéysum of average
service rate associated to each user whilgaciy iS the actual capacity of cell taking into
account the radio propagation conditions.

Load estimation in HSDPA

Due to the HSDPA characteristics, i.e., constant powerrigs®n and link adaptation by
adaptive modulation, the load is estimated based on the resaveileble for the cell, and
actually consumed by user connections. The normalized load in H$DPBgtimated as
follows

N
> Load(n)
I-norma ize (I) == ' (3)
e RHSDF’A

whereN is the number of HSDPA useRisppa is the number of High Speed Physical
Downlink Shared Channel (HS-PDSCH) [7] allocatedtle cell, andLoadn) is the
average number of HS-PDSCH required by uséo support its service rat®(n). This
number is given by the following equation

R(n)
Load(n)= ) 4
. (n) R(CQIn).NHS—PDSCH(CQIn) ( )
where, the average propagation condition determtheschannel quality indicator ID,
CQlIn, R(CQIy) is the achieved bit rate when o@®l, block is allocated in every frame and
Nhs-posc{CQlIn) is the number of HS-PDSCH associate€ @I, as defined in [7]. Table 1
presents the assumptions for HSDPA block sized#ndtes associated to each CQI.




Table 1: Transport block size and bit rate asstegdgo CQI.

cal Modulation Tragig‘?&%'ock ,:';”;gesrcﬁf_' R(CQI) [kbps]
cols OPSK 377 1 1885
cols OPSK 792 2 396.0
Col 15 QPSK 3319 5 16595
COl 22 16-QAM 7168 5 3584.0

Capacity load estimation in WiFi

For the WiFi system, the normalized load assoditdghe Access Point (AP) should be
estimated also based on the available system alhdeswurces. Furthermore, in the
intermediate phase, an amount of bandwidth is oéted in the system (one AP and
several nodes). This bandwidth is shared amongsnadeording the service bandwidth. It
should be noticed, however, that the errors inpteket transmission occur when there are
collisions, since the IEEE 802.11e EDCA mode of MAC protocol was completely
implemented in the simulator [8]. In this intermatei phase, the normalized load for the
WiFi system in optimized conditions, i.e., no padkss, is given by the following equation

I _ f payload _VI
normalized Wik interarrival _time (R 05 (m) )’

2 (5)

whereM is the number of WiFi user, afi,cgm) is the rate for the modulation and coding
scheme available for usen (of the WiFi AP). The names for other variables aelf
explanatory.

4. Numerical Results
4.1 Simulation Scenario and Models

The scenario is based on a co-covered HSDPA and Wileor area, assuming high-
priority NRTV video traffic at 64 kbps charactedsby the 3GPP model [9]. It is assumed
that applications prefer to use HSDPA. The genamatf NRTV calls are modelled by a
Poisson distribution while the call duration is erpntially distributed is used for (with
average 120 s).

Details for the simulator features are presentedlD] while details for the IEEE
802.11e part of the simulator are given in [8]. Timain simulation parameters are
presented in Table 2. Since WiFi capacity is carsidly larger than the one for the
HSDPA system, a large number of NRTV users areireduo be fed into the WiFi
operating region of the topology leading to an ssoe&e simulation time (until the value of
the load in WiFi becomes significant). To overcothis limitation, the WiFi system was
‘filled” with 6 FTP and 5 voice users from the beging.

Table 2: Main HSDPA and WiFi simulation parameters

Parameter HSDPA WiFi

Mode TDD (Tx mode) EDCA (MAC Tx mode)
CRRM Algorithm load threshold 0.6 0.6

Scheduler MaxCl Round-Robin

Link Adaptation BLER 10%

Radio propagation model 3GPP indoor + HF ITU 2GHmppgation (Path Loss)
Cell type Oomni Omni

Number HS- PDSCH (data codes) 15

Bandwidth - Variable with the user SNR




4.2 Evaluation Metrics

In this implementation of the CRRM algorithm, itegs in each decision time instant, i.e.,
when a new session is requested, a measure ajatidrbom each system. The output from
the CRRM decision block is the target Node B (ocdgs Point) to which the new mobile
should be attached. In order to evaluate the efiy of the proposed load-balancing
algorithm, some performance evaluation metrics @mesidered for the communication
within the cell, as follows
* Over the Air throughput (OTA) It is the number of bits that have been transaiby
the given cell, during the simulation, divided I total duration of the transmission

— bOTA
R T (6)
» Service throughput / goodputit is the number of bits that have been transaiand
correctly received in the cell, during the simwdati divided by the total simulation
duration

b,
R — service . 7
O (7)
* QoS throughput It is the number of bits correctly received withthe allowed delay

during the simulation, divided by the total simidatduration.

b
R=_—22 8
— (8)
The maximum allowed delay for NRTV is 300ms.

4 .3Simulation Results

Results for HSDPA and WiFi

Figure 3 compares the throughput values obtaindderHSDPA system with the offered
load. It can be seen that QoS throughtput expeciadteases with offered load until the
HSDPA system capacity is reached. Accounting fer dkailable MCS (modulation and
coding schemes), the maximum load accommodatesbisid 1.5Mbps, which reflects the
presence of around 28 users in the system. As ffeeed load starts to go beyond this
value, the QoS service throughput expectedly dnopdist the service throughput is
maintains values around 1.8Mbps.

3000
2500
» 2000 T o aem—e o
) e~~~
o] . - -
< =
= 1500 —— = S—
o Pt // N ~
< - ,
S 1000 o = A OTAHSDPA ||
g / ——— ServHSDPA
= 500 z —-—- QOSHSDPA |
Offered load
0 . .
8 14 20 26 32 38 44

Number of user

Figure 3. Throughput results for stand alone HSD¥yAtem



IEEE 802.11e is quite different of HSDPA. Whileetliormer is centralized, IEEE
802.11e is decentralized and the medium accessaribl protocol is based on collision
detection avoidance. In Figure 4 one can notice thawiFi, by increasing the number of
NRTV users we do not notice degradation on the gobcdHowever, we noticed that the
‘stability’ in the NRTV service is obtained at thest of degradation of the performance of
the FTP traffic as its delay increases substantiall
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Figure 4. IEEE 802.11e results for the Goodput
Results for CRRM versus HSDPA alone

Figure 5 presents results for QoS throughput wh&RK is used with HSDPA/WiFi
coexistence. With the purpose to avoid deterionatibthe QoS in a co-covered system, a
comparison between the cases of absence and ajplich the Common Radio Resource
Management (CRRM) for network load optimizatiorpesformed. Hence, the comparison
is between the case where HSDPA alone is usedpoosuNRTV users without CRRM,
and the case of the application of CRRM in a systemposed by cooperative HSDPA and
WiFi by selecting the most suitable RAT for the NRR3ervice. Results show that up to 42
users were supported. A gain of 60% on the suppdeS load was achieved with the
CRRM (intelligently adapted algorithm) over HSDPlarze.

CRMMvs HSDPA QoS Throughput
3000

m
5 CRRM Goodput -
T 2500 — —
- - —— - MNRTV offered load -
Fi — .. — HSDPA QS o
_g- 2000 —
_
[=] -
3 AL
= 1500 e S
3 e
< 1000 ,,’—'{" s
- =
1] ,’,""
n =
& 500
=]
g
0 . . T T :
8 14 20 26 32 38 44

Number of user

Figure 5. HSDPA normalized load as a functionhaf humber of user (CRRM versus HSDPA alone)



5. Conclusions

In this work, CRRM is employed, exploring the commmmoanagement of the whole radio
resources and the specific advantages of eachnsystth respect to coverage, system
capacity and service support in a context of HSDWiRi coexistence.

. The goal of CRRM is to optimize the network load co-located systems without

deteriorating the quality of service, e.g., blockior dropping probabilities for voice

services, delay and throughput figures for dataises. It allows for the reduction of the
overall radio transmission resources in the casaulfilayer systems operating at different
frequencies.

By using the CRRM algorithm for selecting the RfoTattach new NRTV call based on
actual load in each system, a gain of 60% on tpated network QoS throughput is
obtained over HSDPA alone. Despite the high capamfitlEEE 802.11e networks, the
acceptance of high priority services will affece tthelay in low priority services, like FTP,
which is a background type of service. Howeve HB8DPA, although the QoS degradation
is directly affected by the high-priority servicesbalance occurs between real time and
non-real time services and the packet delay aigbtbl increases for NRTV .
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