Wireless Project Directions: Wireless Mesh Networks

For WIRELESS PROJECT INTERNAL REVIEW

PLEASE SUBMIT ANY AND ALL COMMENTS ASAP

Overview:

On February 23rd, 2004, we held a group discussion, in order to investigate the group's thoughts on pursuing research on the topic of wireless mesh networks.  Over the course of approximately two hours, we attempted to identify what we considered to be important issues in wireless networks, mesh networks, and within our group itself.  This document presents an initial attempt to document the discussions, and identify the questions raised and conclusions drawn within the meeting.

Historic:

Initially, the project was oriented towards mobile ad hoc networking.  Although this work has continued in a limited capacity, the project has shifted towards more conventional wireless networks, particularly cellular networks.  The focus throughout has been resource management, although a wide variety of areas have been explored, ranging from the MAC-layer, routing, and node responsibilities in ad hoc networks, to admission control and mobility prediction in cellular networks.

Now, this phase of the project is coming to a close.  A spring meeting with Gary (Nortel Networks) represents an opportunity to re-define our objectives for the future, in order to better fit current research interests, within our group, for Nortel, and within the research community as a whole.

Appropriateness of Mesh Networks as a Research Project Focus:

For the most part, there seemed to be a sense of consensus within the group that mesh networks appear to be both a feasible technology, and a worthwhile research direction.  Furthermore, by the end of the meeting, all members had a much stronger sense of how their past work might mesh (excuse the pun) with this new direction.

Group Interest:

Joe: Although Joe himself is unlikely to be actively involved in the future of this project, Joe's previous work on mobility and mobility prediction appear readily adaptable from general mobility and cellular application to mesh networks.

Majid: Majid made the observation that mesh networks can largely be viewed as a microcell type network with a wireless (ad hoc-like) interconnection network.  As a result, much of his work and interests in cellular networks would seem to have application in the mesh environment.

Youssef: With previous involvement in both cellular and ad hoc resource management, Youssef appears to strongly support this direction.

Sonia: There appeared at first to be a little uncertainty about the connection of mesh networks with sensor networks.  However, after some discussion, the group picked up on the idea of using sensor nodes in order to study the RF topology characteristics of the network.  In addition, it was suggested that the mobile terminals themselves could be used to serve as the sensors for collecting RF data.  In addition, the data flow back to the gateway(s) mimics the flow of data in a sensor network, suggesting the potential similarities in routing between mesh and sensors.

Brent: Again, previous work in ad hoc seems very applicable to mesh networks.

Nortel Interest:

During our last wireless meeting with Gary of Nortel Networks, Nortel's strong interest in mesh networks was indicated.  Nortel's experimental deployment at their facilities in Ottawa were displayed, and large numbers of personnel were being committed to the project.  He also indicated their interest in sensor networks, as related technology that could be applied to the mesh product.

Industry interest:

Interestingly, mesh technology is already available in some form.  Aside from Nortel, players include MeshNetworks, LocustWorld, Radiant Networks, Intel, and others.  With existing limited scale commercial deployment, MeshNetworks has generated considerable interest, with reported offerings of 2 Mb/s and fast handoff supporting full highway speeds.

Aside from the promising performance demonstrations, part of the reason for strong industry interest is the presence of a clear business case for the technology.  The technology is being described as a disruptive technology, with a potential marked for device makers, developers, and service providers.

Literature and Academic Work

There is a fairly small body of work available directly addressing the idea of mesh networks.  There are also some works on hybrid networks, which focus on the extension of WLANs with multihop components (we need to further explore the actual depth of this work-there is currently some disparity over what a “hybrid network” is).  As such, there is tremendous potential for making significant contributions, and if acted on aggressively, positioning the group as a leader in the field.  There is of course a large volume of work in cellular, ad hoc, and sensor networks, all of which appear likely to share many characteristics and properties with mesh networks.  However, at the same time, there are considerable differences, and new or combined solutions will be required for many problems.

Definition of Mesh Networks:

It seemed to be a common question within the discussion, as to what exactly we considered a mesh network.  Although we will not necessarily focus specifically on one particular type or structure of network (at this time), we should discuss what types of features we feel are important in order to create targets or goals for eventual development.  This would appear to be one of the first steps to be taken at this time.

Issues:

A number of issues seemed to frequently arise in our discussion.  Here is a preliminary list of some interesting and important issues for exploration.  Another of our primary (and ongoing) tasks should be the continued update of this list.  Hopefully we can cross a few off at some point as well.

· Routing

· Mobility management

· Self-management/Decentralized management systems

· Issues relating to mobile nodes as part of the mesh (mesh among terminals)

· Capacity (including optimization, load balancing)

· Resource allocation

· Network Planning

· Interoperability/Multidomain negotiation

· Supported Services

· QoS (Guarantees?)

· Technologies

Group Focus:

We have unanimously identified concerns over the lack of cohesiveness in the research directions of the group.  This redefinition of the focus of the group provides an opportunity to bring our work together.  While individual work will continue to proceed along independent lines, these lines should gain a common direction.

In defining the goals for this project, individual interests should not be ignored or excluded.  However, by drawing the work together, there appears to be at least some hope in seeing greater collaboration and cooperation between group members.  It is not clear if this is a sentiment shared by all, so I have included this in large part to solicit comments as to the desired group dynamic (at this time).  This should likely not influence the overall focus/goals of the group, but may impact on the actual tasks, at least initially.

Plans:

Within this document, a number of initial tasks were identified.  Determining these initial tasks (and subsequent milestones), and a schedule for them should also be at the top of that list.  One approach would be to make a group effort to establish a project proposal or mission document as a guideline for future work.

Again, please forward any and all initial comments to Brent as soon as possible, and any subsequent comments at any time in the future.  The more feedback we get, positive and negative, will help us to quickly refine our vision of this project.

This document is not intended for publication or distribution of any form, beyond the group itself.  It is for internal development purposes only.

