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Introduction

This document looks at some of the issues that will be faced when taking a rich media wireless solution from a single unit in an office environment to a full production environment where a hotel is filled with these devices, where anything up to 75% of the units might be in use at any time. 

This document also looks at some of the interference sources, and building design issues that will need to be faced. It also proposes a large scale test of the technology to determine the scalability issues.

802.11 Vs. Bluetooth

802.11a has no problems with Bluetooth. This is because 802.11a operates on 5 GHz and Bluetooth operates on 2.4 GHz. However, 802.11a is more expensive to implement given the higher frequency, as well as the larger number or base stations required.

The 2.4 GHz spectrum used by Bluetooth operates under an open radio license – where ALL users agree not to interfere with each other, but also agree that any interference they receive must be accepted. You cannot ask other users to turn their equipment off just because they are causing you problems. 

The book ‘Bluetooth Revealed’ notes that several technologies use 2.4 GHz apart from Bluetooth – HomeRF, 802.11b and Microwave Ovens. 

There are reports that the range of 802.11b is reduced to as little as 10 feet in the presence of interference from Bluetooth. Whilst this is an extreme case, at very least you should expect 802.11b to have the effective bitrate decreased by up to 90% in the presence of strong Bluetooth usage.

It is also important to note that some cordless phones also operate on this frequency. Care should be taken to ensure that any cordless phones operate on 900 MHz rather than 2.4 GHz. Radio Shack sells phones that will interfere with 802.11b

802.11a Vs 802.11b

From http://www.wireless-nets.com/column_802.11a_wireless_LAN.htm
Something to consider about 802.11a wireless LANs is that you’ll need a greater number of 802.11a access points to fully coverage a facility as compared to today’s 802.11b versions. The reason for this is that the higher 5 GHz operating frequency of 802.11a has less range than the lower 2.4 GHz frequencies that 802.11b uses. As a result, you’ll need more 802.11a access points to make up the difference in range. What this means is that you can’t get something for nothing. You’ll need to spend a little more money on access points, but you’ll probably have more performance than what you know what to do with.

This basically sums up the issue. 802.11a has more bandwidth available for higher speeds, but is more expensive to implement. Less expensive components tend to operate  the lower frequency, therefore there are cost implications with the higher frequency.

However with the increased frequency comes less chance of interference. This is not only because less equipment tends to operate this high in frequency, but signals tend to be attenuated by building materials more quickly. This means more base stations. 

Building and Architecture Issues

In 1997 Dwayne Hendricks (Architect of the TAPR Spread Spectrum radio) presented a paper on a project he was involved in  - the “Wireless Field Test (WFT) Project for Education” funded by the National Science Foundation (NSF). The idea was to bring wireless internet access to Ulaan Bataar, Mongolia. 

Hendricks found  that the construction of buildings in Mongolia was transparent to RF signals, and that Line of Sight (LOS) was not needed. He noted that Mongolia did not use much steel in their buildings – unlike the USA, where steel is used throughout new constructions.

The point Hendricks was making was that RF was a Black Art, where things are not always what they appear.

Cellular 802.11

In order to maintain the throughputs, careful frequency coordination must be investigated. That is, the whole system MUST be broken down into regions that do not interfere with each other, else the performance of the whole system will break down. This cannot be done without overlap, so the system must be designed with overlap in mind. 

To me it seems logical to break down each floor so that they are independent of each other. Also each floor needs to be separated into different regions. 

The maximum throughput through each node is limited, so splitting the signal through several base units makes sense. There is a limit to the number of channels that can be used in the same area, so space diversity needs to be used as well as frequency diversity. 

This is identical to the existing cellular phone situation. In fact most of the spectrum management issues faced by Qualcomm CDMA are the same as faced by Cellular 802.11

Layered Construction

Normal US construction technique for this type of building is to create a structure, and to fill the floors in by placing steel trays in where the floor is required, and then filling these trays with concrete. I do not see how we can get around this – so we need to turn this into a virtue. 

With this type of construction, wireless signals will not pass between floors. Therefore we need to use this to our advantage. Since the signals will not go between floors, we place base stations on EVERY floor. This has the effect of improving the performance of the system, and reducing the chance of drop outs.

Floor Layout

Floors are a harder problem to deal with. Once again I am assuming that this is either a steel frame building, or a building where there is steel reinforced concrete. The pillars tend to be just that, pillars. Walls with large amounts of steel are rare.

The challenge is to have the building so that there are enough base stations on a floor, without going overboard. It is also important to design the floors so that signals will get into every nook of every room.

We really need to make the internal walls RF Transparent, to a large extent. This comes through using masonry blocks, bricks and fibre-board rather  than reinforced concrete. The idea it to have as much steel horizontal on the floor as possible, and then as little as possible vertical steel. 

I am not saying that construction techniques should be changed, just that care should be taken during design. Having said all that, it also makes sense to provide some RF shielding on floors to promote frequency reuse. By having shielding between every few rooms, it should be possible to re-use frequencies without issues on the same floor.

Antennas

Once we have the building layed out, we then need to put base stations in. Depending on the size of the floor, multiple base stations may be needed. The exact number really is dependant on the traffic volume, furnishings, size of floor etc. The floor should be designed so that placing more base stations in is not too difficult. 

Possible locations would be in the false ceilings in corridors, with the antenna above or below the tiles. Another location would be in the wet area cavity above bathrooms. There is another alternate described below.

Leaky Coax.

From the page….

http://www.bbwexchange.com/Broadband%20Wireless%20ePress%20Kits/selectantennawhitepaper.htm
An interesting solution for hub site antennas for in building solutions has come about recently that consists of leaky line coaxial technology. The attempt to cover large areas of buildings, whether they are multi-story or large single story buildings, with a single access point. The leaky line technology allows a single run of coax to be the radiating and receive antenna for the hub station and maintain a sufficient amount of signal within the structure for installations of CPE in many areas with smaller, less directive antennas. Leaky line technologies eliminate the need for multiple transmission points within the building and distribute the signal more evenly in the desired locations

With leaky coax, the cable is the antenna. You run the cable down the corridors from the base station. But you have the leaky coax pass every room. In practice breaking down a floor into several sections with their own transmitters could only improve things. Alternately you may need to run the cable through the ceilings of rooms to get better performance.

Leaky Coax has been used for many years in mines and tunnels where communications is required underground.

The fire impact of using leaky coax needs to be looked at. Fire Codes may require that anti-burn coatings be used on it. I do not know how this will cope in a fire. One way around this might be to place PLASTIC electrical conduit (I think you have this in the USA) into the cement in the ceilings, underneath the steel flooring holding the concrete from the floor above. From what I have seen. Even though the cable would be inside the concrete, it would not have too much steel between it and the users.

Directional Antennas

Some areas need to be covered by many antennas, but are large. In these locations I would suggest that directional antennas be used to concentrate the signal into smaller non-interfering footprints.

Pilot Study

When looking at the specific implementation I would recommend that a pilot study is made. This study will be to gather some rules of thumb so that issues with the implementation can be resolved before things go too far with the architectural design of the building.

I would recommend that a floor of a hotel of similar construction be hired for a period of time to test the implementation. What this would resolve would be

· Number of base stations per floor, and their positions

· Dead spots in radio coverage that will need to be covered in

To determine the number of base stations and position we would need to provide a large number of distributed iPAQ’s uploading and downloading information, with traffic analysis being done on the entire setup.

. 

Roaming 802.11

In order for a large wireless network to operate to the benefit of users, the users need to be protected from the underlying technology. They should not need to worry about moving between cells, or how many other users are in the cell they are in. 

In order to accommodate this several vendors have developed sophisticated management software to create a seamless environment for their users. The roaming is not universally implemented in base node equipment since as far as I can tell there is no accepted standard interconnection protocol.

In order to manage the configurations some vendors have implemented control interfaces to reconfigure the network automatically balancing the load between nodes. With the lack of standards, care must be taken in choosing the base networking hardware.

Properly implemented roaming should be seamless, and sessions should continue across cells.

Security – WEP

WEP is the Wireless Equivalence Protocol – a way of managing who you are in the mobile world. Unfortunately security is very difficult to properly implement, leading many organisations to focus their efforts on application level security rather than network based security.

Why I am mentioning this is that it provides issues when configuring a large network in terms of managing access. 

Conclusion

This whitepaper has described some of the design issues for a building such as a hotel wanting to maximize the density of an 802.11 installation. This paper is not designed to address every issue, but briefly touch on some of the issues.
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