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ABSTRACT 

 

Spectrum sharing between Federal and commercial users is a technique proposed by the FCC 

and NTIA to open up the 3.5 GHz band for wireless broadband use and  small cell technology is 

one of the candidates for its’ realization. The traffic on small cells is temporal and their chances 

of interfering with other services in shared spectrum are limited. DoD has a documented 

requirement of 865 MHz by 2025 to support telemetry but only 445 MHz is presently available. 

DoD is conducting researches to realize test and evaluation spectrum efficient technology with 

the aim to develop, demonstrate, and evaluate technology components required to enable flight 

and ground test telemetry operations. This paper will provide an overview on spectrum sharing 

using small cell technology for LTE-Advanced and dynamic spectrum access would be briefly 

described. Research challenges for protocols and algorithms would be addressed for future 

studies.  

Keywords: spectrum sharing, small cell, aeronautical mobile telemetry, spectrum access system, 

dynamic spectrum access. 

 

1. INTRODUCTION 

 

The demand for wireless spectrum, particularly wireless and mobile broadband services is 

growing everyday because of the increasing mobile connectivity. This growth represents a 

significant economic opportunity but also presents a challenge, as increased usage strains the 

capacity of the airwaves. Unfortunately, this growing demand is not limited to commercial users 

alone. Government departments such as the (Department of Defense) DoD as a result of 

increased test system complexity and data rates to meet up with the development and deployment 

of modern weapons, has a documented requirement of 865 MHz in the near future to support 

telemetry but only 445 MHz is presently available [1]. 
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Spectrum by itself is non-depletable resources but limited in some constraint i.e. the same 

frequency, same technique cannot be used at the same time and same area. Securing additional 

spectrum has been difficult, partly because spectrum usable by today's mobile broadband 

technologies is currently designated for a variety of other uses [2].  

Since spectrum is a finite resource, allocating more spectrum for some services inevitably 

requires consideration of re-allocation of spectrum from other uses, which can cause disruption 

and cost whilst spectrum is re-configured. As a result of this, the (Federal Communication 

Commission) FCC and the (National Telecommunications and Information Administration) 

NTIA are placing much greater emphasis on the efficiency with which spectrum is used [3]. 

Presently, consideration is being given to far more innovative ways to use radio spectrum that 

has traditionally been considered – making available un-used gaps in spectrum [3].  

To alleviate these challenges, efforts have turned to include spectrum sharing with incumbent 

users. One user may have priority over the other, but generally all users assigned to those 

frequencies can use them.  

 

This way, more spectrums can be made available to those who need it faster than it would 

normally be possible. Spectrum sharing technologies hold great promise and can lead to 

maximize the use of spectrum by allowing users as much as possible while the interference are 

manageable. 

Spectrum sharing between Federal and commercial users is a technique proposed by the FCC 

and NTIA to open up the 3.5 GHz band for wireless broadband use. The 3500-3650 MHz band is 

one of the candidate bands identified and recommended by the NTIA for reallocating 100 MHz 

of its 3550 – 3650 MHz for wireless broadband use within the shortest possible time [3, 4]. 

  

The band was selected by NTIA because WiMAX equipment has already been developed. NTIA 

understood this band to be used primarily for high power ship borne radars designed to operate in 

the 3500-3650 MHz band due to specific propagation and atmospheric conditions unique to this 

frequency range [5]. It is also used for communications with missile systems for data updates to 

the missile while in flight to its target.  

 

The radars in this band represent significant investment on the part of DoD and many are 

incorporated into ship and aircraft design. Redesigning for other frequency ranges to make this 

spectrum available for wireless broadband may require new technology, and significant redesign 

of their associated platforms. 

 

The remaining part of the paper is organized as follows. Section 2 introduces spectrum sharing, 

small cells and spectrum access systems. Section 3 provides the possibility for adaptation of 

aeronautical mobile telemetry in the 3.5 GHz band. In Section 4, research challenges are 

discussed from both the protocol and algorithm perspective, while section 5 concludes the paper. 
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2. TECHNOLOGIES 

 

 

The FCC in a bid to actualize spectrum sharing between different players in the 3500-3650 MHz 

band organized a workshop. The workshop explored small cell innovation as well as database 

management system, the spectrum access system (SAS) sharing technologies that could be 

deployed to manage access to the band [6].  

Small cells are low-power radio access nodes that provide a resourceful network solution for 

coverage, capacity, and quality. They are typically used to extend wireless coverage to areas 

where macro cell signals are weak or to provide additional data capacity in areas where existing 

macro cells are overloaded [7].  

The signal propagation at 3.5 GHz is still viable for non-line-of-site use, allowing for flexible 

network topologies [7]; hence, given the characteristics of the band, the 3.5 GHz Band appears to 

be a good candidate for small cell uses.  

In spectrum sharing, interference events from both the incumbent and the secondary users are 

inevitable therefore, the FCC/NTIA and the Commerce Spectrum Management Advisory 

Committee (CSMAC) proposed the creation of exclusion or protection zones [4, 10]. It was 

reported in the Fast Track Report modeling that the largest exclusion zone distances are in 

protecting wireless broadband systems operating in the most populated areas from interference 

from high-power Navy radars with the largest over-land protection zone distance from the 

shoreline. Averagely, the distance is approximately 450 km and according to estimate, the worst 

case distance would cover approximately 1/3 of the Continental U.S. landmass. This would 

prevent approximately 190 million people or nearly 60 percent of the U.S. population from 

having access to small cell technology in the 3.5 GHz band [7, 8].  

With small cell technology, even if the exclusion zone distance is reduced, the potential 

interference from high-power Navy radar systems to the wireless broadband systems may not be 

completely addressed [7]. In the same vein, the power levels transmitted by Citizens Broadband 

Service users must be limited in a manner to protect against harmful interference with the high-

power Navy radar systems [7].  

However, it is important to find out if 3.5 GHz Band could be shared using low power devices 

and what power levels are appropriate to minimize or avoid interference with the incumbent 

users [8, 9]. Transmit and received power, requirement for antenna gain, elevation and azimuth 

gain patterns for the antenna must be properly modeled for indoor and outdoor coverage. These 

challenges therefore call for standardized designs of small cell technology that will be applicable 

for use in the LTE-Advanced spectrum sharing technology [7, 9].   

To protect the primary user, a spectrum access system (SAS), a geo-location database system 

with capability of dynamically managing the relationships among three proposed tiers of users at 

3.5 GHz: federal and nonfederal incumbents, Priority Access Licensees and General Authorized 

Access users will be deployed [10]. Devices that want to use shared spectrum must geo-locate 

themselves and consult a database to determine what spectrum is available with the expectation 

that each players will abide by the rules and regulations in order to eliminate or minimize 

avoidable interference.  
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3. TELEMETRY 

 

The Department of Defense currently use 1435 – 1525 MHz band for Aeronautical Mobile 

Telemetry (AMT) because the band is noise-limited and is ideal in terms of its propagation 

characteristics [11]. The 3.5 GHz band can also be used for AMT under the spectrum sharing 

arrangement to reduce spectrum shortages as envisaged by DoD [1].  

What is mostly important is a study on how to deal with interference from AMT aircraft 

transmitters to eNodeB LTE- Advanced base stations [11] taking into consideration the AMT 

ground station specifications, aircraft transmitters and antennas and the aircraft to ground 

propagation characteristics? Also, the LTE-Advanced characteristics, handsets/UEs, eNodeB 

base stations and ground to ground propagation characteristics. 

The database system that manages the shared spectrum for AMT and other players must be 

dynamic and the response time must also be very fast in order to reflect the different operational 

dynamics of the aircraft with respect to Navy radar, eNodeB LTE- Advanced base stations and 

user equipment (UE). Dynamic spectrum access is then necessary in order to allocate the 

available bandwidth in an efficient and effective manner. 

 

4. RESEARCH CHALLENGES 

 

Several research challenges on protocol and algorithms, guidelines for future researches is 

provided in this final section. 

 

 

4.1 CHALLENGES ON PROTOCOLS AND ALGORITHMS 

 

In the proposed SAS/DSA design, collision avoidance must be of high priority especially with 

the primary user. The SAS/DSA protocols need to avoid collisions among different users through 

efficient coordination of their spectrum access. This could be implemented by imposing stringent 

interference power constraints.  

The protocols should contain spectrum sensing decisions: when to sense shared available 

spectrum, which channel to sense, and how many channels should be sensed [12]. The SAS/DSA 

protocols design should include spectrum sensing scheduling to enhance efficient performance 

and improved network.  
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Power control mechanism can be designed in a way to reduce mutual interferences among 

neighbor nodes (LTE – Advanced and small cells) and could improve the spatial reuse efficiency 

and significantly increase the network throughput. This is therefore is a critically important 

component for the SAS/DSA protocols. Designing efficient power control mechanism could be a 

complex and challenging task for spectrum sharing. 

The design of control channel for sharing regime is very important because the status of multiple 

sharing decisions needs to be exchanged between the various users. It is therefore necessary to 

design efficient control channels to transmit large amount of control information. This implies 

larger overhead. However, larger overhead of control channels means it is possible to transmit 

the information of only a part of spectrum bands and could mean sub-optimal performance. This 

design therefore requires tradeoff between performance and system complexity.  

It is important to consider a handover protocol in the design between the nodes of LTE-

Advanced and small cells so as to consider the potential access capability of target cells because 

the target cell tries to find out whether the available resource is enough. The gain of resource re-

allocation should be considered during the handover process.  

Mobility is an important issue that needs serious consideration since Navy radar system is not 

stationary. For spectrum sharing DSA protocol design, the DSA protocols would rely on time or 

frequency synchronization for better spectrum access coordination and probably stringent 

network-wide synchronization, like the time slotted protocols. However, mobility of Navy radar, 

eNodeB LTE- Advanced base stations and user equipment (UE) nodes may cause the drift of the 

reference clock, which will significantly degrade system performance.  

Between the LTE-Advanced and small cells, because the signals of different frequencies have 

different propagation properties, the user at the edge of cells should have access to their 

respective network. Some spectrum bands may not reach the edge of cells and this post 

challenges when scheduling. The spectrum bands with lower frequency should be allocated to 

the users at the cell edges with high priority. The fairness is also a new issue for the users at the 

edge of cells.  

 

 

5 CONCLUSIONS 

 

This paper provided the overview and challenges of spectrum sharing. The proposed innovations 

were discussed and the applications to telemetry. We conclude the research progress on spectrum 

sharing for adaptation of small cell technology/LTE-advanced system and spectrum access 

system cases respectively. The technique challenges are discussed on both protocols and 

algorithms. These discussions will hopefully serve as guidelines of further research studies on 

the proposed spectrum sharing in the 3.5 GHz band.  
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