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Guidance to PHY Band Adaptation 
Submitted to IEEE 802.15.4g 
Interest was expressed at the TG4g meeting in Montreal on taking various bands into consideration when designing the TG4g PHY amendment specification. Such bands could include class license bands that may get allocated for the purpose of Smart Grid communication and any other bands that may open up in the future for such use. This document is aimed at offering guidance on how radio designs and channel plans can be adapted to accommodate the changing band landscape. 

With the advancements in digital communication and the leveraging of modern techniques for baseband processing in communication systems, radio designs are becoming increasingly band agnostic. The process of adapting designs proposed for one band to new bands is becoming increasingly simplified. 
The primary challenge becomes accounting for regulatory requirements in individual bands. In addition, a few band dependent aspects remain for consideration. For example, the choice of band determines the signal carrier frequency which in turn affects the signal propagation characteristics and thus range and coverage capabilities. To deal with loss of range at higher carrier frequencies, one may increase the power as allowed by the regulatory domains, and/or reduce the supported data rate, and/or consider higher density deployment of radio units. 

Regulatory requirements affect both the radio design and channel plan for a given band. Regulatory requirements to consider include maximum transmit power, power spectrum density levels, out of band requirements, the available bandwidth and the channel hopping requirements if any. 
Out of band emission regulatory requirements may lead to guard band allocation on either side of the band. The amount of guard band relates to the carrier transmit power and carrier attenuation from nearby channels. For example, in the detailed NBFH proposal from Atmel, ADI and Silver Spring Networks, about 5 MHz of guard band is allocated near the 2483.5 MHz edge of the unlicensed 2400-2483.5 MHz band to allow the signal to drop by over 70 dBc in the restricted band spanning 2483.5 MHz to 2500 MHz. 

In addition to considerations of compliance with regulatory requirements, the selection of a channel plan needs also carefully consider the placement of channels near the band edges to insure they are not affected by the energy emitted from adjacent bands. A good design rule is to leave about one half of the total channel bandwidth unused at both edges of the band. For example, if the channel bandwidth is 1 MHz and the channel band spans 100 MHz to 200 MHz, the first occupied channel should be centered at 101 MHz, thus spanning the range of 100.5 MHz to 101.5 MHz, and conversely the last channel should be centered at 199 MHz and span 198.5 MHz to 199.5 MHz.       

Let us refer to the total channel bandwidth (or spacing) as C, channel index N, the carrier frequency as a function of the channel index as F(N), the start of the frequency band as S, the width of the available band as W, the maximum allowed transmit power on each channel as M(N), the maximum transmit power in the band as P. Let us refer to the allocated guard bands as GL on the low side of the band and GH on the high side of the band. The channel plan can be expressed with the following equation: 
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Alternatively or in combination with guard band allocation, the power in the channels near the band edges can be lowered to accommodate out of band emission requirements. Let us refer to this as P_lower. The maximum transmit power of a channel is given by: 
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The above analysis applies to frequency bands where channel planning can take place (for example, where W >> C). There may be cases where this constraint is not met, but where one or multiple non-contiguous, narrow pieces of spectrum exist, spread over a larger band. For these special cases, one has to plan each piece of spectrum individually, and then integrate the various spectrum pieces, to create an overall channel planning scheme.

In conclusion, this document provide guidance on mapping TG4g PHY aspects including channel plan, channel transmit power, guard band allocation to frequency bands of interest, subject to regulatory constraints in those bands. 
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