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Common Challenges

The group came up with several research challenges: 

· One network: There is only one network, and it is the Internet. Mesh networks should not be looked at as an isolated type of network. Even when such networks have an internal center of activity (for example, first responders mesh network), it needs to address the need to communicate with entities on the Internet (for example, FEMA central office).

· Translucent layering: Mesh networks suffer, and will continue to suffer, from low bandwidth, high latency and low reliability compared with wired networks. Therefore, innovative protocol engineering that takes into account the complete picture of the physical layer, MAC, transport, power, etc., is important to get the most out of the available spectrum. 
· Low level connectivity: Attention should be given to the physical and link level media access to better utilize the media.
· Routing: Achieving better routing without heavyweight signaling. Achieving near-optimal performance with reduced overhead. Utilization of the “One Network” approach to optimize system-wide / end-to-end routing. Optimization through context and location.
· Scale: From a small mesh to metropolitan size systems.

· Heterogeneity: Multiple device modalities (wifi, 3g, Wimax, etc).
· Policy and enforcement.

· Security and Privacy. 
Several Management challenges were identified:
· Multiple Mesh test-beds: Wireless mesh networks are new. They are going through rapid changes and will continue to do so in the foreseeable future, much more than the wired parts of the network. Therefore, a single wireless mesh test bed in GENI is not likely to address all research needs. It is therefore advisable to devise an architecture that will allow integration of many test beds to the “One Network”. Instead of deciding how the single mesh wireless test-bed would look like, define how any mesh test-bed can connect to the wired part of GENI, and let the future determine the usefulness of them.

· Repeatability of measurements: It is recognized that tests cannot be repeated with exactly the same results if run in a realistic manner. Several approaches were suggested for achieving acceptable measure of repeatability. These include better characterization of RF “in the wild”, investment in better simulation environments, testing in mostly similar environments (e.g. testing on the same day of the week in different weeks).
· Slicing versus reservations: Slicing is useful for increasing the size of the logical infrastructure, enabling larger scale experiments on a given infrastructure to be performed in parallel. However, it brings with it serious limitations in terms of latency measurements and interference due to slicing-created bottleneck. Management approach should be devised to allow hybrid use of slicing and reservation that enable wide possibilities for experimentations.

Representative Experiments

The group defined what a good representative scenario should include:
· Accommodate mobility: Real people doing real things in an uncontrolled, real-life setting.

· Accommodate disconnectedness.

· Applications: Applications should demonstrate Internet connectivity (i.e. mobile client as an Internet user) as well as peer to peer activity (e.g. mobile client as a participant in peer to peer file sharing with other clients in its vicinity).

· Allows for multiple radio technologies working together.
The representative experiment the group came up with is “A Day in Life”. This scenario looks at real people go about their business in a course of a day: Commuting to work (car / bus), walking in an urban setting, working in an office environment, commuting back, living at home. The people share / use / download media rich content and applications (e.g. sharing audio, downloading movies, streaming radio), some of which are also interactive in nature (video conference, VoIP calls).  
Such an experiment can be executed in a single mesh or multiple meshes that are connected through the Internet. Such a scenario can run for several days with real people. Several urban mesh networks already exist or about to be constructed. Representative scenarios can build on these.

As a specific example, representing a small part of that day the setting can include about 20 real people spread over 2 meshes connected by the Internet. Some of the people are engaged in VoIP calls – some within their own mesh, some have their counter-part on the Internet, and some have their counter-part on the other mesh (which is emulated or actually in another city). A group of the people is engaged in video conferencing. Others are listening to Internet radio and yet others are getting video feeds of a TV series episode.

Each VoIP stream is built from 50 messages / second, 160 bytes each (throughput 64Kbits/sec). Each call has two streams, one in each direction. Conferences contain a stream per user. The experiment has to account for end-to-end latency of each received packet by each receiver (millisecond range). It should also account for message losses and duplications.

For the video and radio feeds, latency numbers are less important, but the overall load (throughput) they put on the network is important.  Video throughput should be according to desired quality (this measure changes over time based on people perception of an acceptable service, and is likely to grow in the next few years to Mbits/sec range). 
