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�
Abstract


Addressing the microwave/coordination issue is much like opening Pandora’s box.  No other issue in the PCS industry has as much potential to delay system deployment and overrun deployment budgets.  Perhaps the greatest risk stems from the fact that the PCS industry is the first to confront such an issue.  As a consequence, many operators have experienced difficulties anticipating and developing work-arounds to obstacles and pitfalls associated with the coordination/relocation issue.





However, operators can minimize these difficulties by using proactive management and innovative engineering techniques.  In this paper, we present a microwave coordination and relocation program that helps operators identify and work-around the pitfalls associated with this issue.  One key to identifying the perils associated with microwave coordination/relocation is understanding the scope of the problem in the particular market of interest. In this paper, we present an approach that allows operators to identify all microwave stations that require coordination and/or relocation in a given market. We then show how operators can use this information to develop a relocation budget and schedule, identify problem incumbent licensees, and modify the PCS deployment strategy to avoid these problem licensees.  This information about the microwave environment, along with specific procedures for negotiating and coordinating with incumbent licensees, comprise the microwave coordination/relocation plan.





The other key to identifying and avoiding hazards associated with microwave coordination and relocation is the aggressive and effective implementation of the microwave coordination/relocation plan during the actual deployment process.  From a microwave coordination and relocation perspective, this paper describes the deployment process and the six tasks associated with that process.  As in the planning process, we show that there exists a close relationship between microwave coordination/relocation and PCS system design.  We also show that early discussions with incumbent licensees and the ability to analyze interference, in a precise and frequency selective way is essential to any coordination/relocation process.  This paper presents such an analysis procedure.  In particular, we show how operators can effectively employ such an interference analysis to work around interference cases in a given deployment.


Introduction


For PCS operators, addressing the microwave coordination/relocation issue is similar to opening Pandora’s box.  Not only does microwave relocation represent one of three largest capital investments for PCS operators, but it may represent a major obstacle to any PCS deployment schedule.  To make matters worse, the issues associated with PCS-microwave coordination and relocation are not well understood.  It has never been done before!  Not even cellular operators addressed such issues.  These three factors (financial burden, the potential schedule risks, and unfamiliarity) combine to make microwave coordination/relocation the riskiest issue for PCS operators.





The need for coordination and relocation is driven by the regulatory requirements imposed by the Federal Communications Commission (FCC).  In Title 47, Part 24 of the Code of Federal Regulations, the FCC requires that PCS operators protect incumbent microwave licensees from harmful interference emanating from its PCS systems.  Specifically, before initiating operations from the PCS system, the FCC requires the operator to identify those incumbent microwave licensees that are subject to excessive interference from signals emanating from their PCS system and to negotiate with those licensees, in good faith, to resolve the interference case.  In most situations the operators will resolve these interference cases by relocating the affected incumbent licensee to other fixed microwave bands or other communication media at a cost agreeable to the microwave licensee and the PCS operator.  The financial responsibility for relocation rests on the PCS operator or is shared between a number of PCS operators in accordance with cost sharing regulations� proposed to the FCC or other agreements between various operators.





The costs associated with relocating these microwave systems are staggering!  For example, a typical Major Trading Area (e.g., the Baltimore Washington MTA) may contain as many as 36 incumbent microwave links whose channel allocation is either within or adjacent to a given PCS Block (e.g., Block C).  Further, an additional 30 incumbent microwave links may reside near this typical MTA.  Eventually, as the market’s PCS system matures, the operator will find it necessary to relocate the entire microwave systems associated with these 66 links.  This comes to a total of approximately 281 links for this particular example!  With the expected average relocation cost of $250,000 per link, the long-term cost for relocation, barring any savings from cost sharing, will exceed $70,000,000!  Hence, microwave relocation is a major financial burden associated with PCS deployment.  





The costs associated with license acquisition, infrastructure development, and microwave relocation are the three major financial obstacles associated with PCS deployment.  However, unlike the cost of license acquisition, operators can spread the costs associated with microwave relocation over time, thus minimizing the capital investment required for initial deployments and offsetting relocation costs with revenue from these deployments.  Furthermore, operators can minimize the microwave coordination/relocation issue’s budgetary and schedule impact on PCS deployment by (1) the early development of a microwave relocation strategy that is integrated into the overall PCS design process, and (2) the development of accurate, interference analysis and coordination procedures.





This paper discusses the microwave coordination and relocation issue from both the planning and implementation perspective.  We divide this paper into four sections with this section as an introduction. Section 2 covers topics associated with planning for the microwave coordination/relocation issue.  In this section we stress that an effective microwave coordination/relocation plan must be an integral part of the overall business strategy and the PCS deployment strategy.  Further, operators must understand that the PCS deployment strategy does not drive the microwave coordination/relocation plan. Rather, both plans are mutually dependent:  outputs from the relocation planning process affect the deployment plan and vice versa.  Operators who fail to recognize this critical mutual dependency will ultimately find their initial deployment efforts hampered by cost overruns and delays in getting their particular system to market.  





We also stress that one cannot develop an effective coordination/relocation plan without quantifying the microwave coordination/relocation problem.  This task involves identifying those incumbent licensees that require coordination and identifying those microwave links (or systems) that will ultimately require relocation.  Section 2 provides a number of alternative approaches that operators may use to quantify the microwave environment for their particular market.





Section 3 discusses topics associated with implementing the coordination/relocation plan for each PCS deployment.  Specifically, this section discusses the PCS deployment process and the role that microwave coordination/relocation plays in this process.  Note that in this context, a PCS deployment is the construction and initial operation of a set of base stations in a given location (e.g., a metropolitan area, county, etc.) at a given time.�





From a microwave coordination perspective, one may partition the deployment process into five consecutive tasks and one concurrent task.  In Section 3 we stress that, from a coordination/relocation point-of-view, the success of any deployment hinges on early and effective planning; a clear understanding of the deployment’s design requirements; and the capability to analyze inference in accurate, flexible, and frequency selective manner.  The latter is especially important because it provides engineers with the flexibility to design around otherwise unavoidable interference cases that could hinder PCS deployments.  Section 4 summarizes the paper.








Planning for Microwave Coordination and Relocation


Unlike the cost of license acquisition, the costs associated with microwave coordination and relocation need not be an up-front investment.  Indeed, through early and effective management and engineering techniques, PCS operators can minimize the initial investment for microwave relocation and spread the total cost across the PCS system evolution timeline.  Effective management and engineering techniques will allow PCS operators to initially deploy and operate small systems at minimal cost (microwave relocation cost), thus generating an initial revenue stream that operators can use to offset future relocation costs as the system evolves.  This section presents a method for quantifying the microwave problem and the elements of a successful microwave relocation plan.


Quantify the Problem


Prior to planning and managing a microwave coordination and relocation effort, the operator must determine the scope of the problem.  This involves identifying those incumbent licensees requiring coordination for that particular market and conducting a preliminary analysis to determine which of these licensees will likely require relocation.





§24.237 of the FCC's Rules and Regulations governs the identification of those incumbent licensees.  The FCC also requires that PCS operators not interfere with any existing incumbent licensees within a coordination distance.  This distance is specifically defined Table 2 in §24.237.  PCS operators can use this coordination distance to identify those incumbent licensees that are likely to require coordination.  The following is an example of how an operator can initially estimate the number of incumbent licensees that require coordination.
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Figure � SEQ Figure \* ARABIC �1�.  Incumbent microwave licensees that require coordination with the Atlantic City BTA.  This is based on the "C" Block and an expected coordination distance of 317 km.


The FCC’s coordination distance is a function of base station antenna height (above average terrain) and Effective Radiated Power relative to an Isotropic antenna (EIRP).  For example, suppose that the operator knows that all the base stations in his/her market will not exceed a Height Above Average Terrain (HAAT) of 100 meters and not exceed a maximum EIRP of 200 Watts.  Then, according to Table 2 in §24.237, the corresponding coordination distance is 317 kilometers.  Therefore, an operator can determine an upper bound on the incumbent microwave licensees requiring coordination by dilating the given market boundary by 317 kilometers and identifying licensees that are cochannel and adjacent channel� to the operator’s PCS block (figure 1).�





Identifying incumbent licensees requires the use of a database that contains a listing of all microwave incumbent licensees (in the general area) in the 1850 to 1990 MHz band and location of their respective stations.  A number of privately owned databases currently contain this information.  Unfortunately, access to these databases is rather expensive.  As an alternative, operators may find this information in an FCC maintained database, which is free and available to the public.  Interested parties may download this information from the Internet via an anonymous ftp to ftp.fcc.gov.





A preliminary interference analysis allows the operator to identify those incumbent licensees that will ultimately require relocation.  Clearly, all incumbent licensees in the market area (i.e., MTA or BTA) will ultimately require relocation as the PCS system matures.  On the other hand, the situation outside the market boundary is different.  PCS operators cannot clearly identify those incumbent licensees residing outside the market that require relocation without conducting a preliminary interference analysis.





There are a number of approaches for conducting this preliminary analysis.  The following example is one possible approach.  We base this approach on two assumptions.  First, we assume that the PCS operator conducts the analysis very early in the design process, before the consideration of any market-wide PCS design.  Secondly, we assume that the analysis will only focus on interference into and from incumbent licensees that reside outside the market area (i.e., MTA or BTA).
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Figure � SEQ Figure \* ARABIC �2�.  A hypothetical example of a postulated PCS design for the Atlantic City Basic Trading Area (BTA).  For situations where a PCS design is not available (e.g., very early in the design process), such a design allows operators to identify interference cases with microwave licensees that reside outside the market boundary.


Since we assume that no PCS design exists for the market as of yet, we must postulate a fictitious PCS design.  This postulated design should conform to established operator parameters (e.g., base station antenna height, EIRP, sectorization, etc.) and regulatory requirements such as those found in §24.236� of the FCC Rules and Regulations.  Because we are only concerned with incumbent licensees that exist outside the market boundary, the PCS design need only be postulated around the market edge.  Figure �2 provides an example of a postulated PCS design for a particular BTA.  Once this postulated design is developed, one can then analyze the interference into the incumbent microwave systems, thereby allowing the operator to identify those incumbent licensees, residing outside the market area, that will ultimately require relocation.





Operators should conduct the actual analysis via one of the procedures endorsed by the FCC.  These include those specified in Telecommunication Industry Association Technical Systems Bulletin (TIA TSB) 10F or those specified in Appendix E of the Memorandum Opinion and Order, GEN Docket No. 90-314, FCC 94-144.  We recommend the use of TIA TSB 10-F because its techniques are accepted by the telecommunications industry.  We present details of this interference analysis technique later in this paper.





After completing  this analysis, the operator will have an accurate  assessment of the scope of the microwave coordination/relocation problem.  At this juncture, the operator can identify those microwave licensees that will require coordination at some time during the PCS system evolution.  The operator can also identify those microwave licensees, both in-market and out-of-market, that require relocation.  With such information, the relocation manager can then determine a budget, develop a relocation strategy, and begin discussions with those incumbent licensees requiring relocation.





Finally, the above preliminary interference analysis provides an effective technique for playing high-level, what-if games with various PCS design parameters, thus providing input into the PCS design process.  For example, two important parameters (in a gross sense) are maximum EIRP and antenna height.  One could conduct the above interference analysis for the postulated PCS design for various antenna heights and EIRPs.  This exercise allows the operator to assess how the microwave coordination/relocation issue changes when these two parameters are manipulated.  The resultant information allows engineers and management to make more intelligent trade offs and decisions regarding these and other parameters.





Microwave Relocation Plan


Effective management of the microwave coordination/relocation issue begins with the development of a microwave relocation plan, which should become an integral part of any PCS business plan.  The relocation plan provides a PCS operator with a means to bound and track the microwave coordination/relocation program.  In particular, with this plan, the operator can determine and track


The number of microwaves that must be relocated


The cost to relocate each microwave


The time required to relocate each microwave


The relocation date required to maintain the PCS deployment schedule


Any problems associated with the relocation of a particular microwave


Further, the relocation plan contains procedural information pertaining to interactions with PCS design engineers, equipment vendors, etc. The relocation plan also includes procedures for negotiating with incumbent licensees requiring relocation, as well as procedures for coordinating with incumbent licensees not requiring relocation.





Management must take care to ensure that the relocation plan is consistent with the PCS deployment strategy.  Clearly, it makes no sense to relocate all microwave licensees in and around Baltimore if the initial PCS deployment is to take place in Charlottesville.  Rather, the relocation plan should specifically address those licensees that affect the initial deployment and those licensees that may affect the PCS system as the deployment evolves. 





On the other hand, management must not allow the PCS deployment strategy to completely drive the microwave relocation plan.  This is particularly critical in the selection of sites for the initial deployment.  Although many licensees will be willing to relocate their systems quickly, a few licensees will be unable or unwilling to relocate in the short term.  Microwave licensees for public safety are a prime example. Consequently, operators will find that a number of locations are not suitable for PCS deployment simply because any PCS transmitters in that location will interfere with the un-movable microwave licensee.  The PCS design plan should (or should be modified to) identify those locations where deployments are not feasible.  This plan should also provide an estimated (required) date for when the locations could (should) become available.  Clearly, deployment in these location(s) will become possible when the incumbent link is relocated.  The microwave coordination/relocation plan should contain and track the expected relocation dates for these links. This is one case where microwave coordination/relocation planning drives PCS design planning.





The microwave relocation plan should state the scope of the relocation problem.  Specifically, the plan should identify all incumbent licensees that will ultimately require coordination with the final, mature PCS deployment. The plan should further identify those licensees that require immediate relocation.  Operators should base this identification on the above preliminary interference analysis.  The relocation plan should also rate each licensee according to their expected difficulty in coordination and relocation negotiations. This rating permits operators to identify problem links, thus allowing PCS engineers to design their systems around those links.





The plan should also contain a relocation schedule.  Clearly, all incumbent microwave links will not require immediate relocation.  Rather, the relocation of these links can occur over time as the PCS system evolves.  Microwave coordination engineers can predict the necessary relocation date by conducting a preliminary interference analysis for each phase of the PCS deployment plan.  The relocation schedule should identify the required relocation date for each given licensee.  This schedule might also contain negotiation milestones (e.g., the date when negotiations should commence, the date when negotiations must be completed, equipment purchase milestones, equipment installation milestones, inspection dates, operation dates, etc.).





A critical component of the microwave relocation plan is the budget forecast and funding plan.  An effective relocation plan will contain a cost estimate for the relocation of each link.  Such detailed budgetary information will provide the PCS operator with the means to not only estimate the total relocation cost, but also estimate the relocation costs over time as the PCS system evolves.  Such information would be quite useful in the operator’s financial plan.  With this information, the operator can schedule the allocation of capital to the microwave coordination/relocation effort and allow the operator to accurately track both capital outlays and expected income from revenue and investments.





The relocation plan is a living document.  Relocation managers and engineers should update this plan as the microwave coordination/relocation problem evolves and as the PCS system matures.  Clearly, as the PCS system matures and evolves, the list of microwave licensees requiring relocation will also evolve. Relocation managers should update the plan with these changes.  Also, negotiations with incumbent licensees will help to determine the time required to relocate the link, the cost of relocating the link, and any other difficulties associated with the relocation effort for that link. Relocation engineers should update the plan with this information as it becomes available.  Such information is critical to identifying problem areas associated with the relocation budget and the PCS design plan.  For example, if in an initial negotiation, one determines that the cost and time required to relocate a particular licensee is excessive, one can use this information to revise the PCS design plan to avoid interference cases with that link.


Conclusion


The microwave coordination and relocation issue poses a unique challenge to the PCS industry.  With the possible exception of license acquisition and equipment purchases, no other facet of PCS deployment requires such a large capital investment and has the potential to disrupt PCS deployment schedules.  Further, this issue has never before been addressed in the nomadic wireless industries (i.e.,  the PCS and cellular industries).  Indeed, the microwave coordination issue contains many hidden pitfalls that can hinder any PCS deployment effort.





However, through a combination of effective management, methodical engineering, and precise analytical techniques, PCS operators can develop a microwave coordination/relocation program that effectively identifies and avoids many of the pitfalls associated with this complex and unfamiliar issue.  In this paper, we described such a program from both a planning and implementation perspective.  





Quantifying the microwave environment is the key in the effective planning of any microwave coordination and relocation effort. PCS operators can quantify the microwave environment for their markets by identifying those incumbent licensees that require coordination and those incumbent licensees that may require relocation.  This information allows management to establish a preliminary budget.  The information also results in a list of incumbents the will likely require relocation as the PCS deployment evolves.  We showed that operators can use the FCC prescribed coordination distance to identify incumbents requiring coordination.  We also showed that operators can use a preliminary interference analysis to identify incumbents that require relocation.  Furthermore, we demonstrated that complete PCS designs are not necessary to quantify the microwave environment.





We recommend that PCS operators develop a microwave relocation plan.  This particular plan provides the operator with the means to organize and track the coordination/relocation program.  Through this planning process, operators will be able to identify numerous problems and work around those problems.  We stressed that an effective microwave coordination/relocation plan must be an integral part of the overall business strategy and the PCS deployment strategy.  Further, the PCS deployment strategy does not drive the microwave coordination/relocation plan. Rather, both plans are mutually dependent:  outputs from the relocation planning process affect the deployment plan and vice versa.  





Finally, we demonstrated that operators can effectively implement a microwave coordination and relocation program by using a deployment process consisting of six tasks.  These tasks and their interrelationships are depicted in figure 3.  From a microwave coordination and relocation perspective, the detailed interference analysis is the most important element in any deployment process.  In this paper, we show that an effective interference analysis must precisely estimate interference on a frequency selective basis.  We show that such an analysis technique not only accurately identifies interference cases, but also provides sufficient insight to allow engineers to design around these interference cases.  





Thanks to the microwave coordination and relocation issue, the path toward PCS system deployment and operation is riddled with pitfalls, pot-holes, and other obstacles.  However, the road is not unpassable.  By using the management, engineering, and analytical techniques presented in this paper, PCS operators can navigate a smooth course around these obstructions and deploy a PCS system on schedule and within budget.


�The FCC is expected to adopt rule for Cost Sharing: the spreading of the financial responsibility of microwave relocation across those operators that benefit from the relocation


�Hence, using this definition, a small trial system of 5 base stations is a PCS deployment.


�The terms cochannel and adjacent channel are not defined in Part 24 of the FCC Rules and Regulations.  However, Working Group 20 of the National Spectrum Managers Association (NSMA) has a recommended definition for these two terms, which operators may use as a guideline.


�§24.236 states, “The predicted or measured median field strength at any location on the border of the PCS service area shall not exceed 47 dBuV/m unless the parties agree to a higher field strength.”
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