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�
Abstract


For PCS operators  the microwave/coordination issue presents an array of pitfalls and potholes, some of which are hidden. 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.  One key to identifying and avoiding hazards associated with microwave coordination and relocation is the aggressive and effective execution of the PCS deployment process, particularly as it pertains to microwave coordination/relocation.  This paper describes a deployment process that allows PCS operators to cover a particular market, while avoiding potential interference cases and minimizing the number of incumbent microwave licensees that require relocation. We demonstrate the close interrelationship between PCS system design, PCS-Microwave interference analysis and coordination, and microwave relocation. We also show that the ability to analyze interference, in a precise and frequency selective manner is essential to any coordination/relocation process.  This paper presents the framework for such an analysis and show how operators can employ such an interference analysis to work around interference cases in their respective


Introduction


Perhaps the most risky and challenging issue for PCS operators is the microwave coordination/relocation issue. 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 ([1]), 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 PCS operators 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 the development of a comprehensive PCS deployment process that integrates PCS-microwave interference analysis, microwave coordination and microwave relocation.





This paper discusses the microwave coordination and relocation portion of the PCS deployment process from the implementation and execution perspective.  We divide this paper into three sections with this section as an introduction. Section 2 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 � REF _Ref350307261 \n �2� 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 � REF _Ref350307285 \n �3� summarizes the paper.


The PCS Deployment Process


PCS operators will likely roll out their respective systems in various phases. The first phase of the deployment will likely consist of small trial systems that use small clusters of cells to exercise and validate system equipment, internal interfaces, external interfaces (e.g., to PSTN, ISDN, etc.) and the overall system design.  Subsequent phases may initiate more small systems in different population centers within the market.  These phases may also expand from the original trials until the PCS system covers all the population centers in the given market or the entire market itself.  Regardless of the strategy employed, PCS operators will likely roll out their systems in a phased approach, perhaps on a quarterly or even a monthly basis.  





PCS operators must coordinate each phase of the system deployment with all cochannel and adjacent channel microwave incumbent licensees falling within the FCC prescribed coordination distance.  Further, each deployment phase also necessitates the relocation of additional microwave incumbents and the designing around those incumbent licensees whose relocation cannot be expedited.  The remainder of this paper describes those actions required for the successful deployment of a particular phase of the PCS system roll-out (e.g., the deployment of the initial trial system, or the initial deployment in a population center).





� REF _Ref347823139 \* MERGEFORMAT �Figure 1� depicts a generalized flow diagram for a given system deployment phase, showing the major activities required for PCS system deployment and microwave coordination.  More specific flow diagrams are possible.  However, such flows will vary from operator to operator depending on their business culture, market, PCS technology, strategy, etc.  Note that PCS operators derive each phase (or each deployment) directly from the PCS Deployment Strategy and indirectly from the Microwave Relocation Plan.  Hence, each PCS deployment follows the operator’s overall PCS system deployment strategy.  The placement of arrows between the two plans illustrates the interrelated nature of the above plans, which we discussed in some detail above.  





� REF _Ref347823139 \* MERGEFORMAT �Figure 1� shows that one can partition the deployment process into five consecutive tasks and one concurrent task.  The consecutive tasks are 


RF Design and Analysis


Interference Analysis


Coordination/Relocation Decision Making


Prior Coordination and Response


Microwave Relocation


The concurrent task is the Negations and Technical Discussions task.  We now discuss each of these tasks in more detail, starting with the concurrent task.





Negotiation and Technical Discussions


The concurrent task, Negotiations and Technical Discussion, is an ongoing activity that begins immediately after the completion of the microwave relocation plan, which we discuss in a companion paper, [2].  This task continues until the PCS system reaches full maturity and all microwave licensees requiring relocation are moved to other microwave bands or transmission media.  Although the Negotiation and Technical Discussions task does not directly drive the deployment process, it provides information vital to that process.  
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Figure � SEQ Figure \* ARABIC �1�.   Task Flow Diagram for a specific system deployment from a microwave relocation perspective.  Note that the overall process is partitioned into six tasks:  Five consecutive tasks and one concurrent task.


The Negotiation and Technical Discussions task provides operators with an assessment of the relocation potential for each incumbent licensee. By starting negotiations and technical discussions immediately after the strategic planning process, the task continually assesses the relocatibility� of each licensee according its cost, lead time, and its responsive/progressive nature in negotiations.  In essence, this task continuously evaluates each incumbent licensee according to the ease or difficulty of relocation.  Operators may use this information to design their PCS deployments around incumbent licensees whose relocation potential is low.





RF Design and Analysis


We define RF Engineering and Analysis as the process of designing a PCS system layout for a given deployment, and analyzing that layout to ensure compliance with the deployment design criteria (e.g., coverage, capacity, etc.).  The RF Engineering and Analysis Task contains two subordinate tasks: the PCS System Layout Task and the System Analysis Task.  In the PCS System Layout Task, PCS engineers design a system configuration that meets the coverage, capacity, and budgetary requirements established in the PCS Development Strategy.  The System Analysis Task then evaluates this configuration to ensure that it complies with the above requirements.  For cases where the system configuration does not satisfy the above requirements, the system layout is returned to the PCS System Layout Task for redesign (note the feedback path in � REF _Ref347823139 \* MERGEFORMAT �Figure 1�).





Clearly, the PCS Development Strategy drives the RF Engineering and Analysis Task.  As an input to this task, the PCS Development Strategy provides a desired coverage area, capacity requirements, and budgetary requirements.  However, the Negotiation and Technical Discussions Task also provides some input to the RF Engineering and Analysis Task. One product of the Negotiation and Technical Discussions Task is a relocation potential assessment for each microwave licensee, which identifies problem licensees that the operator should avoid  in the deployment.  This valuable information allows RF engineers to design a PCS system layout that (1) complies with the specified design requirements and (2) avoids interference cases with potential licensees (if possible).





Finally, � REF _Ref347823139 \* MERGEFORMAT �Figure 1� shows that the RF Engineering and Analysis Task receives input from the Coordination/Relocation Decision Making Task as recommend PCS design changes.  These recommended changes consist of any reasonable alteration to the current design that may reduce or avoid an interference case.  These recommendations generally take two forms: recommended changes to the system configuration and a list of available frequencies.  





Recommended changes to system configuration usually include modifications to antenna pointing azimuth, antenna tilt, antenna heights, and EIRP.  RF engineers must evaluate these recommended changes to ensure that the modified system still meets the coverage criteria.  For example, suppose that engineers can avoid several interference cases by increasing the down tilt in each sector antenna by 1o.  Such a down tilt decreases the amount of energy radiated to the fringes of each PCS cell.  Hence, the RF Engineer must analyze the PCS configuration with this additional degree of tilt to ensure compliance with the specified coverage criterion.





The list of available frequencies consists of a list of PCS channels that do not interfere with incumbent licensees.  The RF Design and Analysis Task then evaluates both the system configuration and the available frequency list against a number of system criteria, including the required system capacity and the required system Carrier to Interference (C/I) Ratio.





The output of the RF Design and Analysis Task is an accurate, detailed description of the PCS system layout.  This description includes site locations, sectorization, EIRP, antenna heights, antenna gain patterns, antenna pointing angles, and antenna tilt angles.  The PCS system layout description is then used in the Interference Analysis Task to identify situations of PCS to microwave interference.  Finally, the RF Design and Analysis Task may provide a frequency plan as part of the PCS system layout.  This plan is based on the available frequency list from the Interference Analysis Task, which we discuss in the next section.


Detailed Interference Analysis


After designing and analyzing the PCS deployment via the RF Engineering and Design Task, engineers must then conduct an interference analysis to identify interference cases with incumbent microwave licensees and to determine the nature of those cases.  An effective interference analysis is accurate and flexible. It is also frequency selective.  Specifically, it determines and identifies interference cases as a function of the PCS channel structure.  





The FCC places particular importance on the identification of PCS to microwave interference cases.  The Commission requires each PCS licensee to coordinate with all cochannel and adjacent channel licensees within a prescribed coordination distance.  In particular §24.237(d) states that, prior to commencing system operation, all PCS licensees, 


“…must perform an engineering analysis to assure that the proposed facilities will not cause interference to existing OFS� stations… .”


The FCC requires PCS licensees to coordinate with microwave licensees in accordance with the procedures set forth in Appendix E of the Memorandum Opinion and Order, GEN Docket No. 90-314, FCC 94-144; or TIA TSB 10-F ([3]); or any alternate procedure agreed to by both parties.  However, since the Telecommunication Industry Association has accepted TIA TSB 10F as its industry standard for coordination and interference analysis, the Bulletin has become the preferred coordination procedure for both PCS licensees and microwave incumbents.





We recommend the use of TIA TSB 10F for the entire interference analysis problem.  The Bulletin contains detailed procedures for computing interference from PCS systems into microwave systems.  The bulletin also contains detailed procedures for computing interference objectives of analog and digital receivers.  PCS operators can use these procedures to obtain a  precise estimate of the total interference situation on a frequency selective basis.





For simplicity, we partition the Interference Analysis task into four subordinate tasks:  Microwave Identification, Compute Interference, Compute Interference Objective, and Identify Interference Cases.  We discuss each of these tasks below in some detail.  


Microwave Identification


The Microwave Identification Task identifies all incumbent licensees that require coordination for a given PCS deployment.  To identify these incumbents, this task first computes the coordination distance and identifies all cochannel and adjacent channel microwave stations whose distance to the outermost PCS transmitter is within the coordination distance.  Table 2 in §24.237 of the FCC Rules and Regulations provides a straightforward requirement for the computation of the coordination distance based on PCS antenna height and EIRP.  





After computing this distance, engineers must then identify those cochannel and adjacent channel incumbent licensees whose distance from the nearest PCS transmitter is less than the coordination distance.  This process generally requires the use of a database that contains the location, operating frequency, and bandwith of all fixed microwave licensees in the 1850 to 1990  MHz band.  A number of privately owned databases currently contain this information.  Unfortunately, access to these databases is rather expensive.  However, operators may also find this information in an FCC maintained database, which is free and available to the public.  Interested parties can download this information from the Internet via an anonymous ftp to ftp.fcc.gov.


Compute Interference


The Compute Interference Task estimates the interference from each PCS transmitter into each microwave system identified in the previous task.  TIA TSB 10F, the industry accepted procedure for analyzing interference into microwave systems, contains specific procedures for computing interference from PCS transmitters to incumbent microwave receivers.  The Bulletin also contains aggregation procedures for the mobile and portable transmitters.





The Bulletin’s interference computation procedures require knowledge of the microwave receivers' location, antenna height, and antenna gain pattern.  Again, one may obtain this information by purchasing a privately maintained database.  As an alternative, interested parties may download this information from the FCC maintained database.  Further, both the FCC and NSMA maintain pattern data for 2 GHz microwave antennas at ftp.fcc.gov.  Interested parties may download this data from this location via anonymous ftp.  However, as an alternative we recommend the use of the FCC B Antenna Standard found in §94.75 of the FCC Rules and Regulations as an upper bound.





For propagation loss prediction, three alternative propagation models are available.  The first is the free space loss model.  Clearly, the free space model is the most conservative, but it is hardly realistic in that it grossly underestimates the propagation loss.  The second alternative is a combination of a suburban Hata model (for within the horizon cases) and a CCIR tropospheric scatter loss model (for beyond the horizon cases).  The Bulletin recommends the use of this combination model.   The Hata/CCIR model accounts for clutter in and around the PCS transmitter and the microwave receiver.  The model also requires the use of terrain data, which operators can download from the USGS, free of charge.  Unfortunately, the Hata/CCIR model uses the terrain profile data only to compute the average terrain height, which in turn is used to compute the antenna height above average terrain.





As a third alternative, the FCC recommends the use of the Irregular Terrain Model (ITM) version 1.2.2, based on the National Bureau Standards, Technical Note 101 (Revised). The ITM was developed by the Institute for Telecommunication Sciences and is publicly available from their office in Boulder, Colorado.  The ITM is perhaps the most accurate of the three models.  This model uses terrain information to determine the horizons of both the transmitter and receiver.  The model also uses terrain information to compute effective antenna heights, terrain roughness, and propagation mode: either line of sight, rough earth diffraction, or tropospheric scatter.  For line of sight propagation, the ITM uses a two ray, geometric optics formulation.  For rough earth diffraction, the model uses a combination of knife edge diffraction and smooth earth diffraction.  Finally, for tropospheric scatter, the model uses a formulation similar to that used in the CCIR model mentioned above.





We recommend the used of the ITM model especially for situations where the propagation from the PCS transmitter is beyond the horizon.  For close in propagation, the use of the Hata/CCIR model is an acceptable alternative.  However, due to its detailed use of terrain, we feel that the  ITM model provides the most accurate results, especially for long path lengths.





Compute Interference Objective


A receiver’s interference objective defines the maximum power level from a particular interfering signal that the receiver can tolerate without adversely affecting its performance.  Interference objectives depend on the receiver design (its modulation, bandwidth, selectivity, sensitivity, etc.), the spectral characteristics of the interfering signal, and the frequency separation between the receiver and the interference.  





Microwave engineers express interference objectives as either a minimum allowable Carrier to Interference Ratio (C/I) or as a maximum allowable interference.  For example, engineers generally express the baseband noise interference objective for analog FDM/FM receivers in terms of a minimum allowable C/I (� REF _Ref347824246 \* MERGEFORMAT �Figure 2�).  On the other hand, Section 2.5.5 of [3] shows that for digital microwave receivers, engineers usually express the threshold degradation interference objective as a maximum allowable interference level (� REF _Ref347824258 \* MERGEFORMAT �Figure 3�).





TIA TSB 10F defines two interference objectives for analog, FDM-FM receivers:  the baseband noise objective and the threshold degradation objective.  The baseband noise objective defines the maximum amount of interference the receiver can tolerate without exceeding its minimum baseband signal-to-interference objective.  If the actual baseband signal-to-interference ratio fell below this objective, then at least one of the baseband channels would contain excessive noise, similar to the noise found on a poor quality telephone line.  The Bulletin defines the baseband noise objective in terms of a C/I ratio for the given interfering signal.  The threshold degradation objective protects the FDM-FM receiver for cases where the received signal is attenuated due to fading. The threshold degradation objective defines the maximum amount of interference the receiver can tolerate without compromising the system’s availability requirements (i.e., without causing an excessive outage when the received signal fades)�.  The Bulletin defines the threshold degradation objective as a maximum allowable interference level for the given interfering signal.


�


Figure � SEQ Figure \* ARABIC �2�.  Typical Carrier to Interference Objective for a 600 channel, 10 MHz FDM-FM receiver.





�


Figure � SEQ Figure \* ARABIC �3�.  Interference Objective for a typical 10 MHz Digital Receiver using the FCC mask as prescribed by TIA TSB 10F.


For digital microwave receivers, TIA TSB 10F defines only one interference objective, namely the threshold degradation objective.  This objective defines the maximum amount of interference the victim receiver can tolerate without degrading its static threshold by 1 dB.  The Bulletin defines a digital receiver’s static threshold as the received carrier level that produces a Bit Error Rate (BER) of 10-6.  TIA TSB 10F’s procedure allows for the definition of a different threshold degradation objective for each digital receiver and each different interfering signal structure.





The most accurate method for determining interference objectives is from laboratory experiments and measurements.  Unfortunately, such experiments are impractical because of the hardware and time required to conduct these experiments and measure the objective curves.  Furthermore, one must conduct these experiments for a number of different receivers and for a number of different interfering signal structures�.  As an alternative, TIA TSB 10F recommends calculating these objectives in accordance with the procedures set forth in the Bulletin.  By comparing computed objectives with various measured data, we have found that these procedures result in an accurate estimate of the actual interference objective for various digital receivers.





The Compute Interference Objectives Task determines the interference objective for each microwave receiver identified in the above Compute Coordination Distance Task.  TIA TSB 10F provides specific procedures for calculating these objectives for both analog and digital microwave receivers.  After determining these objectives, PCS Engineers can then identify interference cases in the next task.  


Identify Interference Cases


The Identify Interference Cases Task uses the output from the above two tasks to identify occurrences of excessive interference.  For each PCS transmitter and microwave receiver pair, this task compares the computed interference level with the computed interference objective (or C/I objective). We define those cases where the computed interference exceeds the interference objective as interference cases.  Engineers must resolve these interference cases by re-tooling the PCS layout, by using other PCS channels (which may not have an interference case), or by relocating the microwave licensee.





Note that interference cases are frequency selective.  In particular, for a given microwave receiver pair, the interference case is a function of the magnitude and the shape of the total interfering power spectral density across the receiver channel allocation and its adjacent channels.  Specifically, the objective criteria are a direct function of the microwave receiver's frequency selectivity filter and the shape of the interfering signals’ power spectral density.  Hence the receiver’s objective is a function of frequency.  





For the given deployment, the Interference Analysis Task provides three outputs:  


A Microwave Coordination List


Interference Cases Data Sheet


Spectral (PCS channel) Availability


The microwave coordination list is nothing more than a list of those incumbent microwave licensees that require coordination in accordance with the FCC Rules and Regulations but produce no interference cases.  We define these licensees as clear microwave licensees.  The Interference Cases Data Sheet is a multidimensional table of all transmitter-receiver combinations that produce interference cases and the frequencies at which these cases occur.  





The Interference Analysis Task uses the Interference Cases Data Sheet to produce the final output, the Spectral Availability Table.  This table provides a relationship between the availability of PCS channels and the specific microwave licensees that require relocation in order to achieve that availability. Operators should identify these specific licensees via traditional optimization methods.  Specifically, one should assign a cost of relocation to each incumbent licensee and  determine the set of licensees that satisfies the channel availability and minimizes the total cost.  This table provides PCS operators with a clear trade off between PCS spectrum availability and the microwave relocation required to achieve that availability. The Spectral Availability Table provides a valuable source of information for those decision makers addressing the Coordination/Relocation Decisions Task.


Coordination/Relocation Decisions


As its name suggests, the Coordination/Relocation Decisions Task makes all of the major decisions pertaining to the disposition of incumbent microwave licensees in the PCS deployment’s coordination region (the region within the coordination distance).  Specifically, this task assesses the output from the Interference Analysis Task and decides which microwave licensees require relocation and which licensees require coordination via the PCN process.  This task may also  recommend various modifications to the PCS system layout, aimed at avoiding interference cases with some of the licensees.  Note that such modifications result in the feedback path to the RF Design and Analysis Task (� REF _Ref347823139 \* MERGEFORMAT �Figure 1�).  We divide the Coordination/Relocation Decisions Task into three subordinate tasks.  We summarize each of these tasks below.


Select Microwaves for Relocation


Using the output from the Interference Analysis Task as a guide, PCS decision makers determine which microwave licensees require relocation in order to achieve the desired amount of spectral availability.  Clearly, the Spectral Availability Table makes this a straight forward process.  Once identified, the PCS operator should expedite and complete relocation negotiations with these licensees and execute the relocation contract.  We discuss these activities in the section covering the Microwave Relocation Task.





There exist a number of cases where management may wish to deviate from the recommendations implied by the table.  Note that the Spectral Analysis Table bases its recommendations on a perceived relocation potential.�  However, the licensee’s perceived relocation potential is dynamic.  For example, a licensee’s bargaining position could dramatically change during the negotiation process.  Also, unforeseen problems may arise during the technical discussions with any of the incumbent licensees.  These problems could include the unavailability of equipment and structures (e.g., towers, platforms).  Any of these situations could quickly change the relocation potential of any licensee.  Therefore, management ought not feel compelled to strictly follow the recommendation implied by the Spectral Availability Table.  Rather, management should include other information, particularly additional data from the Negotiation and Technical Discussion Task, in order to make the most informed decision.


Identify those Microwaves Requiring Coordination


The identification of those microwave licensees requiring coordination is a straight forward process.  All licensees that (1) were identified in the Microwave Identification Task and (2) do not require relocation will require coordination according to the procedure set forth in §21.100 of the FCC Rules and Regulations, [1].  We discuss this coordination process in the section covering the Prior Coordination and Response Task.


Recommend PCS Design Changes


During this phase, PCS engineers and management may learn that subtle modifications to the system design may significantly reduce a number of interference cases with a given licensee (or set of licensees).  Engineers commonly refer to this as designing around a microwave (or interference case).  These recommendations range from modifications in the list of available frequencies to various changes in the actual cell layout.  Note that any such modification requires that the deployment process return to the RF Design and Analysis Task and verify that the deployment’s coverage and capacity criteria, as well as other design criteria, are not compromised.





Clever modification to an existing cell design represents one class of techniques for avoiding interference cases. The reduction of antenna height and  EIRP represents two obvious techniques for reducing interference into microwave systems.  Other, more subtle techniques for reducing interference into incumbent systems include the modification of antenna azimuth and antenna downtilt.  
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Figure � SEQ Figure \* ARABIC �4�.  Many design modifications will result in a re-analysis of PCS coverage and capacity.  However, some modifications can avoid interference cases without needing to reevaluate the design for coverage and capacity.  Rotating the entire base station antenna may be one possible modification.





� REF _Ref347824300 \* MERGEFORMAT �Figure 4� provides an example where a subtle modification to the PCS design removes an interference case. Note that the antenna from sector 1 points directly at a microwave incumbent’s receive antenna, thereby causing an interference case.  We assume that the excessive interference ratio� is no more that 3 dB. � REF _Ref347824300 \* MERGEFORMAT �Figure 4� shows that one can design around this interference case simply by rotating each of the antennas by 60 degrees.  Now, no PCS antenna is pointed at the incumbent receiver.  Moreover, the incumbent receiver now receives interference from the sidelobes of antennas #1 and #3, which significantly reduce the total interference into that receiver, thus removing the interference case. 





Modification of the list of available frequencies is one technique for avoiding interference cases that do not adversely affect PCS system coverage.  However, such a modification directly affects system capacity.  Clearly, even in the most spectrally efficient PCS system, reducing the available frequencies reduces the available capacity.





In early deployments, PCS engineers are concerned that a sufficient number of frequency channels are available for frequency planning.  However, they are not  interested in the assignment of specific frequency channels to specific transmitters. This only becomes important as the system matures and the system’s capacity requirements grow.  Using the Spectral Availability Table, engineers can easily determine the list of available frequencies for these deployments.  Recall that the Spectral Availability Table identifies the number of incumbents that require relocation in order to make a specified number of channels available at minimum cost, based on a prescribed cost function.  Hence, this table provides an effective means for determining or modifying a frequency plan for a given deployment. 





Depending on the PCS cell layout, many clever modifications aimed at reducing interference are possible.  Many modifications become apparent during the interference analysis by playing “what if” games and finding that set of modifications that reduces interference without sacrificing the primary design criteria, (e.g., coverage and capacity).  One may find the results of some of these “what if” games in the Spectral Availability Table. Still, developing clever modifications is a skill engineers can acquire only through practice, imagination, and persistence.


Microwave Relocation


The Microwave Relocation Task expedites and completes the negotiation with incumbent licensees selected for relocation in the above task.  After completing negotiations and signing the contract, the operator should execute the relocation contract as early as possible.





Many pitfalls are possible during this task.  Some potential pitfalls include zoning problems, equipment delays, structural problems with towers and buildings, etc.  Even an external interference problem with an existing user in the new microwave band is possible.  However, PCS operators can minimize many (if not all) of these potential risks by (1) planning and (2) starting business and technical negotiations with incumbents as early as possible.  We recommend that PCS operators continually update the relocation plan to reflect changes in the microwave environment and the overall PCS system design.  Such prior planning will minimize potentially disastrous problems that could otherwise go unchecked.





Prior Coordination and Response


In §24.237 of its Rules and Regulation, the FCC requires PCS operators to coordinate with all cochannel and adjacent channel incumbent licensees located inside the deployment’s coordination region.  PCS operators must coordinate with these licensees prior to commencing system operation; hence the name Prior Coordination.  The FCC specifies procedures for prior coordination in §21.100 of the FCC Rules and Regulations.





Prior Coordination involves two elements: notification and response.  In the notification element, PCS operators inform the above incumbent licensees of their deployment.  Although the FCC allows for both written and oral notification, we recommend that operators notify incumbents in writing, via registered mail with a return receipt thereby ensuring confirmation of delivery.  The notification must include all relevant technical details of the proposed deployment.  Unfortunately, the FCC does not specify what details are indeed relevant and technical.  However, Working Group 20 of NSMA recently completed a recommended procedure for PCS to microwave coordination, which includes a list of technical details that operators should include as part of their notification.  We recommend that PCS operators use this procedure as a guide in their coordination process.





The FCC requires that all incumbent licensees respond to this notification as quickly as possible.  In the event that incumbent licensees identify anticipated technical problems, the incumbent and PCS operator must use every reasonable effort to resolve them.  If both parties fail to resolve these technical problems to their mutual satisfaction, then the operator must report the results of the coordination to the FCC, who will then resolve the problem.  





PCS operators cannot commence system operation until the entire prior coordination process, both notification and response, is complete.  Incumbent licensees that receive a notification must respond within thirty days after receipt of the notification.  If an incumbent licensee fails to respond in the thirty day time period, the PCS operator will be deemed to have made reasonable efforts to coordinate and may continue with its deployment and commence system operation, provided that no other incumbent has any technical issue with the proposed deployment.





Commence Operation


Once the Microwave Relocation and Prior Coordination Tasks are successfully completed, the operator is free to commence system operation.  However, the operator must operate the system only within the parameters established in the prior coordination process.  Furthermore, he/she must understand that if any incumbent licensee receives excessive interference from the deployed PCS system, that incumbent has the right file a complaint with the FCC.  Such a complaint will likely force the operator to halt system operation until the FCC resolves the interference case.  However, a prudent  and precise coordination/analysis procedure, such as that presented in this paper, will eradicate the possibility of such a situation.


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 identify and maneuver around many of the pitfalls associated with this complex and unfamiliar issue.  In this paper, we described the PCS deployment and microwave coordination process form an implementation perspective.  A companion paper, [2] discusses this process from a planning and management perspective 





We demonstrated that operators can effectively partition the deployment process into six tasks.  These tasks and their interrelationships are depicted in � REF _Ref347823139 \* MERGEFORMAT �Figure 1�.  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, this allowing 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 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 relocation potential for the microwave link in terms of its relocation cost and earliest possible relocation date.


�Operational Fixed Services (not part of the quotation)


� How easy or difficult it will be to relocate this particular licensee.


�The Excessive Interference Ratio is defined as the ratio of actual interference to the receiver’s interference objective
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