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1. Introduction

It is well understood that spectrum in wireless communications is at a premium. Recently the band of 2.4 GHz has attracted a lot of attention, because it allows relatively inexpensive wireless data communication devices to be built. There are several wireless standards in this band and even more standards are being developed. However we have overlooked one issue: coexistence. Every standard for wireless communications ignores all the rest. Bluetooth (802.15.1) is no exception. This is a truly deplorable situation that – if no measures are taken - ultimately can adversely impact all standards for wireless communications and threaten the user acceptance of wireless technology. For example, as the number of these wireless devices grows, the lack of coexistence can discourage consumers to use more wireless devices. Devices that transmit relatively at a higher power will get their data through. The other devices will not. We call this the “big stick” policy. Devices that have a bigger stick will work. 

802.15.1 is a low-power, low-cost system that employs frequency hopping in the 2.4 GHz ISM band. 802.15.1 devices are intended for the mass market. There will be a lot of these devices around. This creates a serious coexistence problem with other wireless devices in the same frequency band, in particular WLANs. 

One way to try to solve the problems of coexistence and interoperability is to do nothing and hope that 802.15.1 transmissions will be rare, etc. so that other wireless devices can also use the band for some time. This approach does nothing to solve the coexistence problem. This approach is influenced by some scientific modeling of WPAN and WLAN devices installed in typical home and office spaces, etc. 

The purpose of this contribution is to suggest a small change to the 802.15.1 standard which will make it spectrum-aware and intelligent and thus able to coexist with other present and future wireless standards in the same frequency band. 

2. Proposal

To allow 802 .15.1 to coexist on a non-interfering basis we propose the following two commands to be included in the MAC of 802.15.1

1. Turn Hopping Off (N)

N is an integer parameter. If N is equal to 1, or some other integer, then instead of hopping in the entire available band, the WPAN devices will start to hop in a narrower band, making the rest of the band available for other wireless systems. The 2.4 GHz ISM band 83.5 MHz wide, between 2.4 and 2.4835GHz, everywhere except in Spain, France, and Japan. (Here we describe the operation in the USA and Europe, a very similar method of operation can be constructed for Spain, France and Japan). Thus, taking into account the guard bands, there are 79 channels, each of width 1 MHz. These channels are 2402+K MHz, K=0, …,78. This command can be implemented by restricting the value of the integer K to a closed subset of the set {0, …, 78}. 

If N is equal to 0, then hopping is completely turned off, and the WPAN devices will communicate using only one 1MHz-wide channel, corresponding to only one value of K.   

Typically the WPAN devices under this command will switch to a dynamic frequency allocation by a spectrum-managing controller. The spectrum-managing controller will determine which 1MHz-wide channel can be used reliably for communication. 

It should be noted that 802.15.1 envisions a low-power mode of operation, at 0 dBm, and a high-power mode, at 20 dBm. When hopping is turned off, the high-power cannot be used. Thus, when implementing this command, the transmit power is limited as per FCC requirement 15.249 for non-spread low-power devices (50 mV/m at 3 meters). This essentially means that the transmit power is limited to between 0 and 10 dBm, depending on the antenna. Almost all Bluetooth devices currently in operation support only the low-power mode. The few that support the high-power mode can transmit at a lower power as well.  

2. Turn Hopping ON and return to frequency hopping operation in the entire band. 

At first, the suggestion to turn hopping off might seem strange. Don’t all devices have to use spread spectrum? Actually, there are two reasons for frequency hopping:

1) The FCC requires spread spectrum for devices transmitting at high power up to 1W. 

2) Hopping is desirable to make the connection reliable

Why, then, do we suggest hopping to be turned off? The answers to the above comments are:

1) The FCC does not require low-power devices to use spread spectrum. 802.15.1 would work fine at 0 dBm. All current applications require low-power transmissions and would not be adversely affected by this proposal. 

2) Robust radio connection will be provided by the spectrum-managing controller by 

its ability to monitor potential spectrum interferers and steer around them.  
3. Conclusions

Spectrum is the most precious resource in wireless communications. Currently all wireless standards ignore all the rest and assume that they have the spectrum available only to themselves. Clearly this creates insurmountable coexistence problems. The way these coexistence problems are being “solved” currently is by the “big stick” policy. The device that has a big stick, or transmits relatively at a higher power, will not only get its signal through, but in doing so will kill all the others. 

Currently there are two main standards in the 2.4 GHz band: Bluetooth (802.15.1) for WPANs and 802.11 for WLANs. However, more wireless systems are expected to be developed in this band, and for example, there is a Study Group within 802.15, for High-Rate WPANs. All this will further exacerbate the problem.  

Clearly this situation is deplorable and steps should be taken to remedy it. In this document a proposal is made to ensure coexistence among different wireless standards. The proposal has the following characteristics:

1) The proposal replaces the big stick policy with the good citizen policy

2)  Coexistence is ensured for current and future wireless systems 

3) The proposed change does not violate FCC requirements

4) The proposed change can be implemented quickly. Products under development require only a firmware upgrade and major schedules will not be affected.       
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