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1. Introduction

One of the key remaining subjects to resolve in the definition of the performance requirements for Band 26 is the coexistence with adjacent services.  It is well known [1] that there are adjacent services both above and below Band 26, and in some cases, overlapping with portions of the Band 26 frequency range.  There have been a number of proposals [2]-[6] offered for the coexistence emission requirements to protect neighboring services, but none have yet been agreed.  In this contribution, we propose a methodology to reach closure on this key issue.
2. Discussion

One of the appeals of Band 26 is its potential to serve as a global band.  The benefits of harmonization of frequency bands are well understood.  However, the endeavor for global harmonization also brings along with it a number of challenges.  In particular, coexistence with nearby services must now be considered for multiple regions worldwide to the extent practical.  These nearby services are listed below.

Coexistence above Band 26

1. Public safety downlink (Plan 1):  851-861

2. Public safety downlink (Plan 2):  851 – 858.5

3. Band 27 downlink: 851 – 869

Coexistence below Band 26

1. Public safety uplink (Plan 1):  806 – 816

2. Public safety uplink (Plan 2):  806 – 813.5

3. APAC700 uplink/downlink:  703 – 803

Although the public safety allocation listed above is derived from FCC in the US, it is assumed that other regions have similar if not identical public safety frequency allocations for services including PPDR/TETRA, etc.  Also, it is assumed that there is a frequency offset (guard band) between the edge of an LTE carrier deployed in Band 26 and the frequency range over which emission protection is required for the Plan 2 configuration.  In [5], this offset was reported to be 3 MHz, but in [3], the offset is reported to be 1 MHz.  This discrepancy requires clarification.
2.1. How to establish coexistence emission limits

Knowing the existence of these neighboring services, it remains to be defined the conditions required to protect operation in these services.  From the perspective of the UE, two aspects should be considered.  The spurious emissions of the aggressor UE degrade the inband noise of the victim UE, so should be controlled to a minimum acceptable level to minimize the interference.  Secondly, the blocking impact of the aggressor UE onto the victim UE should also be considered since this can also impair the ability of the victim UE to operate in its network.  In order to establish the conditions to mitigate these two effects, it is necessary to assess and estimate the impact to both the victim and aggressor networks.  Coexistence is necessarily a balance between these two systems.  On one hand, it is necessary that the aggressor be contained in such a manner that the victim network is able to function at a defined minimum level of performance.  On the other hand, it is necessary that the restrictions placed on the aggressor network are not so onerous that it is still able to function at a defined minimum level of performance.
To find this right balance, we propose the following approach

1. Perform system level simulations of the aggressor and victims system to understand the tolerance of victim to interference.  The output of such simulations should be an emission limit target and a target limit on the maximum output power of the Band 26 aggressor to achieve the coexistence goals addressed above.

2. Determine the required power backoff, guard band, bandwidth restriction, or other provision to meet the targets defined in step 1.  The resultant impact to the Band 26 network should be considered.

3. Iterate steps 1 and 2 if necessary.

2.2. System simulations

Perhaps the most challenging aspect of this problem is to define the appropriate system simulation.  The number of possible deployment scenarios is nearly unbounded; for example, the public safety deployment of one network in any particular jurisdiction may be quite different from a different public safety deployment in a different jurisdiction.  In turn, these may be quite different from a PPDR deployment in a different region of the world.  Since it is not practical to account for all possible deployments of systems worldwide, we propose that a limited number of scenarios is modeled.    

Before system simulations can be undertaken, it is first important to establish and agree upon the system assumptions and parameters so that multiple companies can provide results that can be meaningfully compared and consolidated for agreement.  Obviously, in any such simulation, the number of system parameters can be very large making for very complex simulations.  It is therefore necessary to apply simplifications to be able to manage the task, but it is important that all companies providing simulation results agree to the same simplifications.  The assumptions and simplifications can be revisited after the first round of simulations if necessary.
A proposal for a system level simulation can be found in [7].
2.3. Band 26 restrictions
The output of the system simulations described above should be a definition of target emission limits and target maximum output power of the Band 26 UE.  The maximum output power cap, if one is needed, may be a function of the frequency offset since it is dependent upon the victim UE’s Rx filter shape.  The target emission limits can be measured, simulated, and/or calculated by factoring spectral regrowth as well as narrowband spurious products and their intermodulation terms.  
The output of this step would be the required power backoff (A-MPR), guard band, and/or bandwidth restriction required of the Band 26 UE.  This must be done for both LTE as well as UMTS.  Conventionally, power backoff has been the solution for LTE and it has been agreed [8] that a guard band approach is the solution for UMTS.

2.4. The number of NS values

The number of NS values, where each NS value defines an emission limit requirement (which may be a single value or more likely a table of values) and an associated A-MPR, has also been discussed extensively.  The reason for multiple NS values is for increased flexibility to accommodate multiple deployment scenarios.  While it may be appealing to define a large number of NS values to allow for the greatest flexibility, there are motivations for keeping the set as small as possible.  Each NS value represents additional testing and verification effort.  In particular, if the A-MPR table is large, the testing and verification effort can be significant.  Additional testing and verification increases the cost of devices for all users of this band since all NS values and conditions must be satisfied by the UE, regardless of whether those apply for the intended region of operation.  The UE vendor does not have the option to test against and comply with only a subset of the defined NS values for the band since they are all required.  

On the other hand, a small set of available NS values for the band limits the flexibility of the specification to optimize for particular deployment scenarios and regional requirements.  The network in any particular deployment must choose from this set to determine which NS value to signal in order to meet its regional requirements with knowledge of neighboring systems.  If the set of NS values from which it can choose is not well matched to its regional requirements, it is possible that the emission limits imposed will be more stringent than necessary sacrificing performance in its own network.  

We propose to limit the number of NS values above and below the band to account for the majority of identified coexistence scenarios as well as to minimize the complexity of the specification for this band and to minimize device costs.   
We also note that UMTS does not support the concept of NS values.  Therefore, for UMTS, the worst case coexistence condition should be used as its requirement.
2.5. Implication to UE implementation
There are clear benefits to band harmonization for the UE in being able to more easily support roaming and to simplify the implementation by leveraging the same components and design across multiple operators and markets.  However, in order to achieve this, it is necessary for the UE to meet the union of all requirements across all of these operators and markets.  That is, the UE must be able to meet the worst case or most stringent requirement.  Although there may be multiple NS values defined for the band to meet regional or deployment specific conditions, and although these may have differing degrees of challenge to the design, the UE must meet all of them.  For example, suppose that two operators A and B share Band 26 in different markets with different requirements, possibly distinguished by different NS values.  Further, suppose that operator A is subjected to more stringent requirements than operator B due to the existence of a neighboring system requiring coexistence protection.  The UE must be designed to meet the requirements of operator A, even if the device is intended to be used only in operator B’s network.  Therefore, if a larger PA or greater linearity is required to meet the more challenging requirement of operator A, the additional burden of cost, heat, size, current consumption is applied universally to the device and is levied upon all operators, A and B, who use the band.  Therefore, it is critical for all interested parties and potential adoptees of this band to comprehend all of the requirements of the band, regardless of whether they are directly applicable to the particular deployment at hand.
Furthermore, in particular for this band, there is potential overlap with existing Band 5/V which has been widely deployed for 2G and 3G technologies and is being considered for future 4G deployment.  There may be some leverage to be gained by taking advantage of this commonality between Band 26 and the legacy band.  However, if there are markedly more stringent requirements imposed on a Band 26 UE, then the commonality is lost and the two must be treated independently from one another.
3. Conclusion

In this contribution, we have proposed a methodology to define the appropriate specifications for coexistence in Band 26.  We propose a systematic and objective method that can hopefully be agreed by all interested companies so that the specifications can be completed.
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