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Abstract

This paper has three objectives. The first objective is to review recent changes in the debates on spectrum management regimes by performing an extensive literature survey. The second objective is to discuss why the coexistence of the two regimes will be the norm rather than an exception in the future. The third objective is to discuss economic implications of owning versus renting in spectrum use. Heterogeneity of communication services is a source of convexity in spectrum use. Different services can be better accommodated by different spectrum access regimes, so a mix of two spectrum management regime will be a norm rather than an exception. Current spectrum lease system is more like contract than conveyance.
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1 Introduction
The prolonged hot debates on spectrum management paradigms—property right or open access (including commons)—seem to be subsiding and converging to the conclusion that a priori we do not know which view is better than the other.
 Therefore, we need to experiment, wait and see which one turns out to be better for economic wellbeing of society.
 The Federal Communications Commission (FCC) has been following this practical approach and implementing both property right and open access regimes since 1990s. On one hand, the FCC has enhanced the flexibility of spectrum use by adopting a usage free band like the band for advanced wireless service (AWS) and streamlined the process of spectrum lease system; on the other hand, it also allocated a band for the use of unlicensed national information infrastructure (U-NII) and adopted ultra-wide band (UWB) spectrum policy in 2002.
Even though two conflicting views on spectrum management schemes are lasting, scholars supporting property right approach to spectrum band are suggesting an argument that property right approach can subsume open access regime rather than exclude or replace it as Lueck and Miceli (2006) posit open access as an extreme case of property rights models. Lueck and Miceli (2006) define open access as “a complete lack of property rights.” Its opposite case is private property rights, whose owner can use and transfer a property to best serve one’s own utility. Common property rights and state property rights are the other two basic forms of ownership models that Lueck and Miceli (2006) added to the two ownership models.
 Adopting Lueck and Miceli’s perspective, Hazlet (2006a, b) separates access rules from ownership rules and argues that property right regime can accommodate all types of accesses to the wireless network including exclusive, shared and open access. In contrast to Hazlet (2006a, b), Werbach (2003-2004) asserted that open access should be the basis of spectrum management and it could accommodate in part private property regime because property right regime is more rigid than universal open access (what he calls supercommons) regime in adopting new technologies.
Observing these recent trends and developments in the research on spectrum management policy, this paper pursues three objectives. The first objective is to review recent changes in the debates on spectrum management regimes by performing an extensive literature survey. The second objective is to discuss why the coexistence of the two regimes will be the norm rather than an exception in the future. The third objective is to discuss economic implications of owning versus renting in spectrum use and define the nature of spectrum lease system.
Next section reviews recent developments in the debates on spectrum management policy. Section 3 discusses why a mix of two regimes will be preferred to one system and Section 4 compares owning with leasing in spectrum use and discusses the nature of spectrum lease. Section 5 concludes the paper.
2 Recent developments in spectrum management policy debate
As the “great spectrum debate” termed by Leibovitz (2003-2004) began cooling down recently, research questions are migrating from abstract and ideological topics to more specific and practical ones such as positive, constructive roles of regulator (government) in spectrum management (Goodman 2004; Baumol and Robyn 2006), adaptive and flexible spectrum management regime (Baumol and Robyn 2006; Hazlett and Bazelon 2007; Benjamin 2007; Faulhaber 2005; Werbach 2003-2004), and interference dispute resolution process (Goodman 2004).

The debates on spectrum management paradigms, in particular on the superiorities of two regimes, seem to be converging to the conclusion that a priori we do not know which approach is better than the other and one cannot eliminate the other completely.
 Recent research by Baumol and Robyn (2006), Lueck and Miceli (2006), Cave (2006), Faulhaber (2005), Goodman (2004), Werbach(2003-2004), and reports by the OECD (2005), confirm that the “spectrum version” of an old adage—one spectrum management regime does not fit all situations—is right, at least considering current technological and economic environments of wireless communications industry. Lueck and Miceli (2006) point out that in other areas, such as land use, a mix of property right regimes exists. For example, in ownership dimension land is owned by the state as well as individuals, whereas in the access dimension, open, shared and exclusive access are coexisting without regard to the ownership style. Cave (2006) also supports this view: “it is unlikely that there will be a corner solution, with the same regime optimal in all frequencies.” Goodman (2004) similarly indicates that spectrum with both characteristics of land and air will be managed by private property rights and commons approaches in the future.
It is not difficult to see that even advocates of commons regime acknowledge explicitly or implicitly that various mixes of property rights systems exist in real world. Actually, what commons advocates worry about is complete privatization of spectrum resources, which indirectly means that they prefer a mix of property right regime and commons regime to a pure property rights system.
 Buck (2002), advocating commons regime, points out that a lot of property rights system mixing private property and commons exist in the real world in an attempt to rebut the pervasive use of spectrum auctions. Werbach (2003-2004) suggests that a mix of spectrum management regimes where commons, encompassing property rights regime, should play a primary role in spectrum use.
In sum, it seems to be a valid proposition that a mixed regime of the two will be the norm in both spectrum use and ownership structure as we can observe the same phenomenon in land use and ownership. Now, it is time to turn our attention to the question that “why a mixed [regime] should dominate either of the two extremes (Epstein 1994, p.20).”
3 Mix of spectrum management regimes as a norm
3.1 Criterion that classifies spectrum into two regimes: access dimension
Before discussing why a mixed regime dominate the pure ones, one thing made clear is to make an operational definition of property rights because, as is well known, property rights are composed of many “distinctive rights” (Robinson 1998). Ownership of spectrum channels is still denied officially in the United States (47 U.S.C. § 301) and in many countries, but firms with spectrum license enjoy various levels of de facto property rights—exclusivity, transferability, and ability to subdivide and lease spectrum channels within constraints set by the regulatory authority. In addition, high possibility of license renewal provides quasi-ownership with wireless communication firms. If we interpret property rights as complete one, there are no property rights in the United States and in most countries because ownership over spectrum is not allowed by statutes. However, if we understand property right concept not as an absolute one but as a relative one, firms with spectrum license for exclusive use can be seen as ones with private property rights over the spectrum assigned to them. 
Current spectrum management system is quite similar to the land management system of China where land use rights is separated from ownership (Zhang and Pearlman 2004). That is, private land ownership is not allowed but individuals and firms can use land for residential or business purposes within the constraints set by the government. Spectrum for exclusive commercial uses such as broadcasting and cell phone services can be seen as a resource leased to firms without regard to spectrum fee payments for lease. This paper takes the relative concept of property rights because most scholars admit that wireless communication firms including broadcasters have been enjoying a high level of de facto property rights, and this allows us to analyze the mix of two regimes.
Then, which spectrum bands can be classified as belonging to property right regime? , This paper focuses on exclusive usability of spectrum in classifying spectrum bands into two regimes because it is not only a major feature of property rights but also an opposite concept of commons (open) access. Therefore, mixing property right regime and commons regime in this paper means mixing exclusive use and commons use. This eventually indicates that this paper pays attention to access dimension of spectrum, not its ownership dimension. A little bit differently speaking, the feature of exclusive use of spectrum is used as a proxy for property right regime.
Since this paper focuses on the mix of access regimes to spectrum, the command and control regime, which has traditionally been considered as one of tripartite spectrum management regimes, is ignored in this paper. This is because the major concern of this paper is not who owns and controls spectrum but how it is used. China’s recent economic growth testifies that private ownership of an economic resource may not be a necessary condition for the efficient use of that resource as long as other features of private property rights like transferability, divisibility, changeability of use, and so on are allowed. In other words, ownership dimension of a resource can be separable from access dimension without reducing economic efficiency in the use of that resource, which means that whether private ownership is better than public ownership in facilitating efficient use of a resource is another problem separable from the problem of how to use it.
3.2 Evolution of the mix of two regimes and its current status

It was not until Heinrich Hertz demonstrated wireless communication technology in 1888 that spectrum began to be recognized as a useful resource (Aitken 1994). After the invention of wireless communication technology, spectrum was initially abundant open access resource, but it began to be considered as a scarce economic resource with the advent of radio broadcasting industry, the first commercial use of spectrum on a large scale (Minasian 1969). Spectrum had been an open access resource in the United States until the enactment of the Radio Act of 1927 that denied the ownership of spectrum channels and any further rights beyond those specified in each license. In other words, channels of spectrum were assigned basically following the first possession rule which was a traditional rule of allocating open access resources.
Considering that the Radio Act of 1927 was a watershed that changed spectrum from pure open access resource to exclusive access resource with some used later for shared use, it can be said that open access to spectrum was a norm until 1927 in the United States. After 1927, exclusive use had been a norm until unlicensed use of spectrum began from 1938 even though, in between the years, commons use had not been completely obliterated.
 In other words, focusing on access dimension, it can be said that two regimes of spectrum management have coexisted since 1938 even though it is fair to say that exclusive use have dominated commons use.

In the United States, as of 2006, 753 MHz is allocated for exclusive licensed use and 129.5 MHz is allocated for unlicensed use among available spectrum below 3 GHz (Snider 2006). Snider (2006) asserts that current unbalance of spectrum allocation between licensed and unlicensed uses be adjusted properly without mentioning what level of mix is appropriate.
3.3 Convexity in spectrum use: why is a mix of two regimes a norm?

Most scholars and researchers agree that two regimes of spectrum management will coexist in the future even though there are still a few scholars arguing that either one of the two regime is not needed. Those who support the coexistence of the two regimes insist that spectrum management system be flexible to accommodate new technologies and market uncertainties. Baumol and Robyn (2006) basically prefer property right regime and emphasize that regulation authority should implement a spectrum management policy which does not create any vested interests because they might block future evolution of spectrum use following changing environments. Werbach (2003-2004) also points out the importance of flexibility in spectrum management even though he believes that property right regime is more rigid than universal open access regime in adopting new technologies. Noam (1998) and Benkler (2003) seem to foresee the convergence toward open access regime even though at present they agree on mixing both regimes. In short, even those who take rather balanced position have their strong preference over either one of two regimes.
To the best of our knowledge, so far no literature has dealt with why a mix of two regimes, commons and private property, should or would be a norm. Epstein (1994) is the only exception, but it is not about spectrum but resources in general. Since spectrum is one of economic resources, Epstein’s basic ideas can also be applied to spectrum. Epstein (1994) focuses on the fact that two systems have different strengths and weaknesses. One’s strengths are the other’s weaknesses, and vise versa. According to Epstein (1994), commons, open to everyone, entail coordination costs and may weaken “the incentives for production and trade.”
 Private property system, closed to everyone except the owner, brings forth exclusion costs, which means the utilities of those excluded from use, but it generates positive externalities like fostering trade and business. Epstein sees the tradeoff between the two systems as a reason for the dominance of mixed regime over either extreme pure system. He argues that the optimal mix will be attained in a society that tries to maximize value from resource in the process of balancing costs of coordination and exclusion. 
When Epstein’s intuition is applied to spectrum use, it can be said that a mix of two regimes, rather than a pure one, is a norm in spectrum use. Put this using an economics jargon, there should be at least a factor that results in the convexity in spectrum use. Convexity in spectrum use means that a linear combination of two regimes results in higher efficiency in producing the same combinations of outputs, Q, than either one of them. This concept is illustrated in Figure 1, where x-axis measures the amount of spectrum allocated for open access (unlicensed use) and y-axis measures that allocated for exclusive use (licensed use).
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Figure 1: Convexity in spectrum use
A and B, producing Q0 level of output, represent the extreme choice of two regimes, i.e., a society chooses exclusive use or open access. However, a mix of the two regimes generates greater production of a mix of services as presented by C and D, matched with Q1 level of production.

In microeconomics, the convex preference in consumption stems from the law of diminishing marginal utility and the convex isoquant is caused by the law of diminishing returns. Then, what brings forth convexity in spectrum use? One possible explanation of convexity in spectrum use comes from heterogeneity of communications services. Different services can be better accommodated by different spectrum access regimes, which are mirror images of different spectrum management regimes. For example, some telecommunications services for financial transactions, health care, business transactions, and multimedia streaming are likely to require higher level of service quality than others for emailing, chatting, and blog accessing. Telecommunications firms with exclusive property rights can guarantee a certain level of quality and meet consumer needs more flexibly at a lower cost than those without them because they are better positioned in controlling traffics and interference than those providing services on shared spectrum channels. 
The statement that different services can be better accommodated by different spectrum access regimes means that a sort of the law of diminishing returns is working in spectrum use. Coordinate A exemplifies a case where all service providers using spectrum are required to obtain license for exclusive use of a spectrum band. In other words, auto manufactures needs to purchase a certain band of spectrum to sell keyless door operators and tire pressure monitoring system, which are functions currently provided through unlicensed bands. Requiring all services provided on unlicensed bands to be provided through separate exclusive spectrum bands will create great inefficiencies in spectrum use. Under this situation if a band of spectrum is allowed for unlicensed use, the efficiency in spectrum use will increase greatly but, as more bands are added to unlicensed use, the efficiency gain will diminish. It is a fair say that a sort of the law of diminishing returns exists in spectrum use.
In short, it can be said that interior solution dominates corner solution in spectrum use, i.e. a mix of two regimes is a norm, as long as there exists heterogeneity of wireless communications services in terms of spectrum use.
4 Spectrum use: owning versus renting
In most countries private ownership of spectrum channels is not allowed by statutes; only spectrum use (or access) rights with various limits attached to them are granted to telecommunications service providers and users. Therefore, officially spectrum ownership is denied, but it is also well acknowledged that spectrum users with exclusive use rights enjoy de facto quasi property, not ownership, rights. Spectrum use rights can be transferred only under the permission of regulators, the FCC in the United States (47 C.F.R §1.948). Therefore, current spectrum use can be considered as rental (lease) use. Then, what are the economic implications of denied ownership of spectrum? In order to answer to this question we need to compare behaviors of firms with ownership and those without. 
What if ownership is allowed in spectrum use? As is well known in finance, firms are indifferent at equilibrium between owning and renting under the assumption that capital markets are perfect. Major exogenous variables that affect firms’ choices between them are nonfinancial costs such as costs for acquisition, maintenance and repair, and disposal (Miller and Upton 1976). High nonfinancial costs of ownership tend to create a business strategy, called contracting out including leasing, which is also known outsourcing strategy that has been popular for the last two decades. Without ownership, in contrast, firms or individuals face only rental use opportunity and nonfinancial costs of owning do not play any role in the choice between owning and renting. This means that economic opportunities, which would have improved efficiency if owning of spectrum had allowed, cannot be realized in society.
If spectrum is privatized as those who support property rights system insist, ceteris paribus, the economic efficiency in spectrum use will increase in society since prospective spectrum users face a new choice between owning and renting. Introduction of property rights system is not sufficient for efficient use of spectrum and it should be complemented by the abolition of usage control. If a band of spectrum is tied with a specific usage as it is now, transferability of spectrum is greatly reduced because spectrum markets are to be segmented by spectrum usages. In other words, under current spectrum allocation system, even though property rights are allowed, many small spectrum markets, divided by usages, will exist. In order to create one large spectrum market, it is necessary to abolish control on usage of spectrum.
Lueck and Miceli (2006) indicate that there are two types of leasing practice: conveyance and contract. Conveyance was used to preserve lessee’s incentive to invest in resource and had been used for the rental of agricultural land. In case of agricultural land, lessee’s incentive to improve the quality of land is important in terms of owner as well as society. Under conveyance more protection over the use of leased resources are provided to lessee in order to boost lessee’s efforts to improve quality of land. In contrast, under contract owners have stronger rights than under conveyance, but instead they have to provide more services to lessee, e.g., in housing rental owners have to keep housing units in habitable situation. Otherwise, the lessee can reject paying rental fees. If a lessee does not pay rental fees without valid reasons, owner can evict the lessee, while owner can initiate only a law suit for rental fee payment without eviction under conveyance. 
Then, is current leasing system in spectrum use a conveyance or a contract? It is more like contract than conveyance because of couple of reasons. First, government sets parameters not to create inference in using spectrum channels and keeps a band of spectrum usable by protecting the band from interference. Spectrum users ask government to clear interference whenever they identify it. Second, spectrum license terminates when users do not meet the conditions set by government (47 C.F.R. §1.955). In addition, auction winner receives license only after it pays full payment of winning bid (47 C.F.R. §1.2109) even though installment is allowed in some cases. Third, spectrum is also more like land for residential use than land for agricultural use because location matters but quality of soil does not. Spectrum channels are simply empty pathways and there is no reason to protect lessee’s rights strongly in order to induce lessees to improve quality of spectrum channels. 
In sum, adopting property rights system in spectrum management is likely to improve efficiency in spectrum use by providing users an additional dimension of choice—owning versus renting, but it also looks fine for government to keep ownership for spectrum re-farming or reclaiming considering that technology for spectrum use is on the verge of revolutionary change. As long as spectrum license period is long enough for users to recoup returns from their investments and its renewal is reasonably foreseeable, the efficiency loss from a less complete property rights granted on spectrum licensee seems not that serious. 
5 Conclusion
According to recent discussions on spectrum management regimes, a mix of property rights regime and open access regime continue to exist even though the mix can vary with changing economic environments and technology. This paper identifies heterogeneity of communication services as a source of convexity in spectrum use and tries to define the nature of spectrum lease. Different services can be better accommodated by different spectrum access regimes, which results in the convexity in spectrum use. Allowing full property rights to users is likely to improve economic efficiency in spectrum use by letting users have an additional dimension of choice. Current spectrum lease is more like contract than conveyance. 
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� Open access and commons are different in that commons is open to closed members, while open access is open to all. However, this paper uses them interchangeably. 


� Especially those who support open access regime favor this policy stance. Refer to Benkler (2002) and Noam (1998) for the details of their arguments.


� Common property rights mean “exclusive ownership by a group” and state property rights mean property rights owned by state (Lueck and Miceli, 2006).


� There are still scholars like Hazlett (2006a, b) who strongly support complete privatization of spectrum. Hazlett and Bazelon (2007) indicate that the FCC’s spectrum allocation for unlicensed use is simply an example of traditional command and control approach that the government regulates access to spectrum.


� Benkler (2002) and Noam (1998) argue that the government should increase spectrum for commons or open access and experiment, wait, and see which regime is better for the economic wellbeing of society. 


� Amateur radio communications, a form of open access (shared use), were allowed even after 1927.


� The first unlicensed device was authorized by the FCC in 1938 (Carter et al. 2003).


� One example of coordination problem is who is going to use a better quality band. 
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