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two separate transceivers. In the BBM scenarios, the transmission is interrupted during
handover while lossless handover is possible in the MBB scenarios.

Figure 6-9: Multi Radio Access Testbed with UMTS/HSDPA and WLAN interface, the terminal
equipment is shown on the left side, the right side shows the Node B
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Figure 6-10: Example converting the HSDPA CPICH Ec/lo into estimated maximum bit rate.
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However, during the testing it was observed that in standard MIP implementations (e.g. on
Linux) packets where lost. The analysis showed a problem in the MIP implementation which
does not occur when homogeneous access are used. Here, the OFDM access has very low
latency while the UMTS/HSDPA access has much higher latency because the packets travel
from the access router first through the RNC, then through the Node B and then over the
UMTS air interface, which has a lower datarate than the OFDM access. Thus when a binding
update takes place during the handover procedure, the first packets arrive over the new air
interface even before the last packets are received over the old air interface as shown in
Figure 6-11. The old packets are then marked as invalid and discarded (or, in the worst case
on certain standard MIP implementations, the Linux Kernel crashes). Figure 6-11 shows
principally the exchange of messages over the old HSDPA link (red) and the OFDM link
(green) and the situation where the problems occur in standard MIP implementations.

Sender Receiver

Packets over Air
Interface with large delays

These packets are lost in standard

MIP implementations

because they arrive with the old Care Of Address
after the Binding Update which is seen as invalid

Binding Update

Packets over Air
Interface with small delays
Solution Add timer Tx: After BU is received,
for time Tx, accept packets
with old as well new CoA

v

Figure 6-11: Packet loss in certain Linux MIP implementations in case of air interfaces with
different delays

The MIP implementation was improved in such a way that packets with the old Care of
Address are still accepted for a short time after the binding update. With this improvement,
seamless and lossless handover works successful.

6.6.3 Prototype Setup 3: Overall Ambient Networks Prototype

In the third setup, the Multi-Access Prototype is integrated in the overall Ambient Networks
Prototype [8][9]. There, the MRRM and GLL interact with other modules like Triggering, the
Handover and Locator Management (HOLM) or the Service-aware Adaptive Transport
Overlays (SATOs) over the Web Services Wrapper. In this setup, the interworking between
different access selection schemes and mobility schemes is demonstrated. For example,
when a user moves a session from one terminal to another one, then the decision on which
terminal to use is outside the MRRM (e.g. in the SATO or in the IMS) while MRRM still selects
the best access for the selected terminal.
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6.7 Final observations about multi-access prototype

This section has described the design and implementation of a complete software architecture
that can be used to assess some of the potential new features on multi-access in the Ambient
Networks project.

The software is used both on the terminal and on the network side. For the terminal it provides
information about the surrounding networks, including identifiers like network id and cell id as
well as information on link performance, e.g. available bandwidth, based on Signal Strength
measurement in 802.11 or CQIl measurements in the UMTS HSDPA access.

On the network side, the network load was monitored and reported, which we have associated
to the number of terminals attached to this particular network in the 802.11 access or on
fractional idle time measurements in the OFDM access.

It is also relevant to highlight that this multi-access prototype has been successfully integrated
in the overall Ambient Networks prototype, where different demonstrations have been
coordinated on a project-wide level. For that purpose, we developed particular entities (e.qg.
the MRA wrapper) to facilitate the integration of both the MRRM and the GLL with the rest of
the ACS, considering the agreed project guidelines, e.g. the use of WebServices to handle
inter-FE communications and FreeBSD as platform.

All the different functionalities from both the terminal and the network entities could be
extended; the most interesting aspect is that the software architecture has been designed
taking into account the flexibility to add new features on a straightforward way.

Regarding the network side, it might be appropriate adding some security aspects, so as to
decide the trustworthiness of the incoming requests; it would also be interesting being able to
interact more closely with the subjacent connection mechanisms (e.g. the association at the
IEEE 802.11 level), although this is clearly limited by the possibilities of the corresponding
devices and drivers.

On the other hand, from the terminal point of view, the future work should focus on handling
the heterogeneity of the different existing and forthcoming technologies, drivers and operating
systems, add the abstraction mechanisms to the GLL operation and assess the benefits from
the point of view of the access selection algorithm performance.

Due to the configurable access selection algorithm, different access selection strategies have
been tested. These strategies are selecting the access with the best link performance,
selecting the access with the lowest load, selecting an access based on RAT-preferences for
a given QoS class or any mixture between these. One observation is that selecting only the
link with the best performance can result in an overload situation in one access while another
access has many resources left. Focussing only on load balancing can result also in the
selection of a bad link just for the sake of evenly distributed cell load. Additionally, when not
using a hysteresis, a ping-pong effect has been observed where a terminal is constantly
handed over between the accesses. One important result of this work is that a mixture
between these rules works best.

As verified in one of the prototype setups, the multi-access concepts and architecture can be
applied to both 3GPP as well as to non-3GPP based access technologies. Seamless
handover can be provided to the user by using a mobility mechanism independent of the
access technologies, e.g. Mobile IP. With a configurable access selection algorithm, it is
possible to adapt the access selection to the operator’s strategies.
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7 Conclusions

A Multi-Access Architecture was presented in chapter 4 which provides an coordination of
heterogeneous access technologies. The main components are a Multi Radio Resource
Management (MRRM) and a Generic Link Layer (GLL). The main task of the MRRM is to
make an access selection based on different input parameters like requested QoS, terminal
and network capabilities, policies, link performance and available resources. In order to have
comparable information of the different technologies, the GLL implements the abstraction
functions which provide link performance as well as resource abstractions.

For an assessment of the gains which can be achieved with the Multi-Access architecture,
several simulation studies have been performed focussing on three areas: Multi-Radio
Advertisement and Discovery (MRAD), Multi-Radio Access Selection (MRAS) and Multi-Radio
Transmission Diversity (MRTD).

The investigations in MRAD study 1 show that a significant amount of power is used for
scanning in WLAN. Limiting for example the time a WLAN interface is active is the most
efficient approach while the different scanning procedures itself show only low difference in
power consumption. The time used in the attachment process can be reduced with
approximately 40% if the AN functionality is embedded in the attachment process of a WLAN.
MRAD study 2 showed in the example of radio resource strategies based on advertising
pricing information that an open access market results in better services at lower price.

MRAS study 1 showed that in a scenario with joint usage of UMTS and WLAN, SINR and
RRC based MRAS algorithms increase the overall throughput in the system and the blocking
probability is also reduced.

MRAS study 2 showed that with cooperating networks from different operators, a system
performance in the range of intra-operator scenarios can be achieved. However, the access
selection strategies must be aligned in order to have best performance and to avoid negative
effects like a ping-pong effect where a user is constantly handed over between the different
networks.

MRAS study 3 argues that the total capacity gain of access selection depends largely on the
network deployment and that the spatial transmission diversity gain is the most significant
component. In addition a trunking gain is achieved by load management between the different
access systems — when, as recommended, a rate-and-load-based access selection is used
instead of an algorithm only based on link rate.

The investigations on packet delay in MRAS study 4 showed that the delays due to signalling
for an intra-RAT handover are relatively small compared to the delays of handovers using
Mobile IP or GTP.

The comparison of two resource abstraction schemes in MRAS study 5 showed that an
estimate of the resource consumption for a given service made in the target system’s
admission control are more accurate than a capacity/load approach used as in today in 3GPP.

Overall, the studies on MRAS showed that a coordination of different access networks by
MRRM taking link performance and resource abstractions into account provide a much higher
level of service than would be possible if the networks work independently.

We have investigated multi-radio transmission diversity (MRTD) between several RAs in
different system operational settings.

The MRTD study 1 deals with MRTD performance evaluation in a scenario with hierarchical
cell structures (HCS). There, pico-cell RAs use the same frequency band as the macro-cell
RAs. The results indicate that using a simple power control method with the co-channel setting
can greatly increase the system’s spectral efficiency.

The MRTD study 2 also investigates switched MRTD in a HCS setting, but combined with a
multi-radio ARQ scheme. It shows that the offset between macro-cell base station and pico-
cell access point has a significant impact on the MRTD gains, which when estimating spectral
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efficiency, increase from 13% (in case of collocated) to approx. 35% (in case of a 450 m
offset).

MRTD study 3 provides a semi-analytical assessment of access network integration. It shows
that the flow throughput gains from network integration are above-proportional only when
applying a channel-aware access selection scheme with some form of MRTD. The gain of
MRTD compared to MRAS is significant mainly when using parallel MRTD in light traffic
scenarios.

Overall, the MRTD studies show a significant increase in spectral efficiency by using a
scenario with hierarchical cell structures (HCS). A tight coupling of the accesses is necessary
in order to have MRTD as an option. MRTD schemes also reduce packet delay and packet
loss, thus, providing robustness. The best results are achieved when there is an offset
between the base station/access points providing MRTD.

The Multi-Access prototype as presented in section 6 has been developed to validate the
Multi-Access functions. The prototype contains MRRM and GLL functionality on terminal side
as well as on the network side. The Ambient Resource Interfaces (ARI) performing the
abstractions has been implemented in the GLL, the interface between MRRM and GLL (MGl)
is used to configure and report measurements as well as to setup and release links in the
underlying access technologies and the Ambient Network Interface (ANI) is used between the
terminal and the access networks to exchange service requirements, report measurements
and to communicate access selection decisions in order to execute handovers.

The prototype is used in three setups for different use cases. In the first setup, 802.11a and
802.11b are used as radio access technologies. This setup allows easy integration and testing
with standard hardware. In the second setup, UMTS with HSDPA as well as an 802.11 based
OFDM access are used. This setup of the Multi-Access prototype proofs the feasibility of the
Multi Access concepts on the coordination of heterogeneous access technologies for non-
3GPP based as well as for 3GPP based access technologies. In the third setup, the prototype
was integrated in the overall Ambient Networks prototype, thus proving the interoperability
with the functions in the Ambient Control Space.

As a final summary, the work on Multi-Access in the Ambient Networks project has designed a
Multi-Access system with open interfaces and the Multi Radio Resource Management
(MRRM) and the Generic Link Layer (GLL) as main components. The assessment by means
of simulation studies have shown the Multi-Access provides significant gains in link
performance as well as in resource consumption. Together with the reduced blocking
probability, this leads to a much higher level of service than would be possible without the
Multi-Access functionality. The prototyping activities have also proven the feasibility of the
multi access system. Based on these results, IEEE 802.21 as well as 3GPP based systems
can be enhanced with the multi-radio access functionality in order to enable an efficient
cooperation between heterogeneous access technologies in a multi-operator environment to
provide cost effective, affordable, wireless bandwidth practically everywhere.
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