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Introduction
Much of the current market activity and application for IEEE 802.16 products falls in the area of vertical markets – electric utilities (Smart Grid), oil, gas, aviation, etc. There is a broad need for high performance field area networks to support operations in these markets. The lack of suitable licensed spectrum at affordable prices is a significant issue that impedes the deployment of these private field area networks. Companies in these markets discover that they have very limited choices when seeking to acquire licensed spectrum suitable for their needs. 

The current IEEE 802.16 and 802.16.1 standards, and the commonly used profiles specified by the WiMAX Forum, support a minimum channel bandwidth of 1.75 or 5 MHz.
Particularly in the United States, and potentially in other areas of the world, smaller allocations of spectrum at various frequencies are more readily available. This is a result of those frequencies being the “leftovers” that are not as attractive to wireless carriers for various reasons. Thus their value is reduced, making them potentially available at affordable prices to utilities and similar entities. 
Summary of equipment providers in the IEEE 802.16 market
Wireless infrastructure for vertical market field area networks is currently offered by a relatively small group of vendors – approximately 10 companies offer base stations targeting these vertical markets.  These can be divided in to two broad groups:

1) Companies providing products for the 3.65 GHz band, the 5.8 GHz unlicensed band, and a few other “specialty” licensed bands in or near bands that have historically been used by wireless carriers.
2) Companies offering “niche” products that are similar to 802.16, and may follow some aspects of the standard. These companies cater to the needs of utilities and other vertical markets with unique spectrum requirements. They set themselves apart by offering support for much narrower channel widths and lower frequency bands (down to VHF) than the first group. Although products from these vendors have similar capabilities, they are not interoperable. 

Proposal for discussion
If an 802.16 amendment were created to specify operation at lower frequencies and much narrower channel widths, a broader product ecosystem could potentially be created, by combining both of the previous groups of companies.  Utilities are hesitant to deploy networks based on a single-vendor solution, for a variety of valid reasons.  A utility might decide to deploy a network at 3.65 GHz, even though required number of base stations would be higher (compared to VHF or UHF bands), in order to have multiple sources of supply. The “niche” vendors realize this, and may be willing to embrace some level of standardization and interoperability in order to grow the market opportunity.  The first group of companies could add support a broader range of frequencies in a standardized way into their next generation products as well.
The following objectives (scope) could be considered for an amendment: 

1) Changes necessary to allow operation on arbitrary frequencies down to the VHF range (50 MHz for example).
a. It is TBD whether an amendment would consider adding support for operation under TV White Space rules in the US or elsewhere. 

2) Changes necessary to allow operation with arbitrary channel widths.  It is TBD what the minimum useful channel width could be. 100 KHz may be a reasonable starting point, but this would need to be verified.

3) Changes to OFDM coding and interleaving, frame structure, and the MAC -- as required to maintain efficiency of system operation when using narrow channels. 

4) Changes to support spectrum aggregation of non-contiguous channels of arbitrary width.  Given that groups of non-contiguous channels are currently owned by utilities or available for purchase, the amendment should enable the full and efficient use of multiple non-contiguous channels concurrently from a single base station. 

a. Spectrum aggregation is already specified in 802.16.1. Possibly these mechanisms could be re-used. Current products are (generally) implementing 802.16-2009. Participants would need to consider whether this amendment would be developed for a baseline of 802.16, 802.16.1, or both. 
b. Technical analysis would be needed to define the practical limits of aggregation, in terms of maximum spacing of channel groups, and aggregation limits per terminal. 

c. Simplifications may be are possible by reducing or eliminating channel aggregation at terminals.

Who would do the work?

This proposal is contingent on identifying and gaining the interest and commitment from a critical mass of vendors that are willing and able to participate in the development of an amendment, and progress it into product development. The existing vendors are familiar with vertical markets, and understand the long term life cycle expectation that comes from utility customers.  The vendors are also dealing with a market transition away from 802.16 chipsets that were designed for mass-market wireless carrier applications. As these sources dwindle, new development will be necessary to continue to provide products into the market. Support for a flexible spectrum utilization amendment could potentially be incorporated into products as they make the transition to next-generation implementations based on technologies with long-term availability.  In an ideal outcome, this development would result in new WiMAX Forum WiGRID Profiles and interoperability certifications, broadening the market and helping utilities and others take full advantage of available, affordable spectrum for their field area networks.
Alternatives

It could be argued that the effort would be better spent on adapting LTE technology to serve these specialized requirements.  LTE is actively developed and has a large market ecosystem, and the technical issues and solutions for flexible spectrum support are likely quite similar. However, it could be quite difficult to accomplish this work in the LTE standards environment. The 3GPP RAN groups are dominated by wireless carriers and their supporting vendors. It would be quite challenging to convince them to spend their time and effort on a market that seems insignificant in potential volume. 
Next steps

There is no immediate action to be taken. This concept needs to be presented to vendors in both groups 1) and 2), to see if there is interest in moving forward. If a critical mass is identified and they are willing to participate in an appropriate amendment project, then the formation of a study group could be considered.

