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WhiteSpace Coexistence Use Cases
Richard H. Paine/Alex Reznik/Mark Cummings
1.  Whitespace Coexistence Use Cases
The Whitespace FCC Report and Order enabled a number of users to seriously evaluate the potential of using the Whitespace frequencies for use in their products.  Users who have the most stake in the Whitespace game are those who have worked on the potential protocols and implementations that will profit their companies and their products.  The selection of the Whitespace providers in this paper, take into account which of the existing and future equipment and providers could potentially (and quite easily) take advantage of the Whitespace frequencies.  So, the scenarios envisioned are those that use both licensed and unlicensed frequencies to provide their services.   
To properly understand the impact that various technologies operating in the white space spectrum have on each other as well as the kind of coexistence approach which may be utilized it is necessary to consider the situations in which the white space spectrum is being utilized and understand the factors involved in creating a coexistence problem (and the coexistence solutions).  In this contribution we propose two use cases which show off the co-existence scenarios – 1.  a campus deployment, such as a university campus or a suburban mall and 2. an apartment complex deployment.    A home use case is also considered.  
The coexistence scenarios include Whitespace providers such as existing cellular providers (AT&T, Verizon, T-Mobile, Sprint, etc) who want spread their products services to other markets via the Whitespace frequencies, such as rural and suburban.  Some providers also enable some extensions into WiFi-based femtocell-like services (like T-Mobile) that will be abled to make the connections from a rural setting to a central Internet hub with regularity and coverage via wireless broadband connections. They also include the WiFi Hotspot providers who already use unlicensed frequencies and have equipment easily able to adapt to the <40mW unlicensed use case to support their hotspots.  The Whitespace local TV use case is included in the macro scenario because it might be the major coexistence component of the Whitespace providers since it would for sure use the 4W to broadcast TV.   The use of those 4W licensed frequencies for TV services could be run over other than IEEE protocols and therefore is treated as an unknown coexistence protocol input.
The coexistence scenario of the congested apartment complex is a scenario that was missing from the campus or suburban mall use cases.  This scenario illustrates a factor largely missing in the prior presentations on the use cases – the “network operator.”  Indeed, the deployment and usage of the whitespace spectrum may be similar in the congested apartment use case and the mall/campus use case, in that both include a potentially dense deployment of 40 mW and 100 mW devices.  However, in the apartment case, the deployment is operated by a large number of operators of small networks of one or very few access points, while the mall/campus deployment is largely under control of a single operator/owner. 

The scenario of the home is the one in which the <40mW unlicensed use is a probability as well as the receptor of the 4W Internet services from a Whitespace services provider and the sender of 4W or 100mW signals to send the Internet traffic back to the Internet.   There is a scenario in which the Whitespace use might be by protocols other than those of the IEEE and therefore are a separate and substantial coexistence threat to the existing IEEE 802 technologies and protocols.  In addition to the 4W use case to and from the home, a user may use the unlicensed Whitespace frequencies for WiFi, a Personal Area Network, Body Area NetworkThere are some additional things to consider in the discussion about coexistence strategies under a central control and those which are not.  For example, in the home one needs to consider strategies that are under a central control.  The central control may come from middleware in the femtocells and could address multiple coexistence scenarios in the home.  Whereas, applying this strategy in an apartment building, for example, would probably not be an appropriate approach.

2. Whitespace Coexistence Scenarios

2.1 Campus and Shopping Mall Whitespace Services
It is worthwhile to consider what services are provided by each of the Whitespace provider users of frequencies and therefore the following sections allocate some thought space to these topics.  There is definitely a lot of overlap of services in the campus and shopping mall macro scenarios, so they will be covered together.  
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2.1.1 Cellular
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By the term “cellular provider” we mean any provider providing a cellular-type of service.  The technology utilized may be Mobile WiMaX or other nn-802 cellular technologies, most notably3GPP and 3GPP2.  

The cellular provider use of Whitespace frequencies includes voice, Internet, and VOIP.  
The cellular providers will probably want to provide all their existing services, plus video and some other services that are enabled by either more bandwidth or by more frequencies to provide more services.  By voice is meant the traditional voice calls made between individuals or at teleconferences.  By femtocell is meant the use of the Whitespace frequencies to fill dead spots in the cellular coverage.  For example, the cellular companies are attempting two different kinds of femtocells for the home.  One type of femtocell uses the licensed frequencies or Whitespace frequencies to provide the bandwidth for interfacing the existing cellular telephone with a home or non-home femtocell to the existing cellular network.  Another type of femtocell uses the wireless LANs (802.11 WLANs) found in most homes to connect the cellular phone (with WiFi included) to provide the femtocell services for the cellular company.  The Internet services offered by cellular companies are melding into just Internet services.  The cellular companies went to extreme lengths to force the Internet service through their cellular offerings.  There are more and more ways around cellular offerings of Internet service.  For instance, Skype is now being offered by application providers to be loaded on Smartphones.  The use of Skype, in the areas where a WiFi network is available, is becoming the norm.  This negates the required use of cellular frequencies when using voice or personal video on a cellular phone.  These circumstances are going to persist and more of the cellular voice and VOIP service will be moved to the WiFi and Skype capabilities on the Smartphones.
2.1.2 WiFi
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The WiFi provider of Whitespace services  may be operating in the 100 mW range; but it also may be using the <40mW unlicensed part of the Whitespace regulations.  In a campus, the WiFi is generally provided by an enterprise on an enterprise campus or by the educational institution if it is an educational entity.  In the shopping mall, the WiFi is used sometimes by the mall as an attraction for people to hang out at the mall and at other times by the individual stores to service themselves or themselves and their customers.  Internet access is transparent in the WiFi provider use in that the primary use of WiFi is for straight Internet access.  When a user has straightforward use of the Internet, there is a lot of flexibility in how they might connect to their other providers and their social connections.
2.1.3 Fixed Wide-area WAN
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A fixed WWAN provider (most notably fixed WiMAX) provider use of Whitespace is a mix of the cellular model and the WiFi model.    The entry point for WiMAX is that it can cover third world, suburban, and rural markets that the traditional cellular services have not been able to provide (and most probably will not be able to provide).  

2.1.4 Microphone  non-802
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There is a surprising amount of conflict around the microphone use of Whitespace.  This use is definitely non-802.11 and there is a well funded and celebrity-braced movement to make sure that the microphones can use the TV Whitespace frequencies and not be interfered with.  However, the microphones are, in general, dumb devices and presently seem to have no capability to discern others or be able to use the FCC’s concept of a TV Whitespace database.  Hence, there has been an inordinate emphasis on sensing of microphones and what users will need to sense and what to do about it when they are sensed.  The focus of the reconsideration of the FCC Whitespace R&O has been on the impossibility of the sensing requirements and that they should be removed from the R&O.
All these providers and services from those providers will be used in the macro scenario where there is a suburban or urban campus or shopping mall.  College plays and presentations will require wireless microphones and shopping mall concerts will also require those same kind of microphone usage as is referenced in this section.  

2.1.5 Whitespace 802.22

The use of 802.22 4W Whitespace licensed frequencies for a campus or shopping mall scenario do not seem as feasible as the suburban or rural instance in which there is a long distance requirement for broadband Internet connectivity.
2.1.6 Local TV Whitespace non-802.22
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The use of non-802.22 4W Whitespace licensed frequencies for local TV broadcast on a campus or shopping mall scenario does seem feasible to provide educational media or advertisement is a mall and may be used through other protocols than IEEE 802 to meet communications requirements.
2.1.7 Control of operations in the Campus/Mall use case

A key feature of the campus/mall use case is a presence of a single entity which is either the direct operator of many of the services listed above, or can exercise significant control over individual operators of such services.    For example, in the case of a university campus, the university is likely the operator of most of the WiFi networks and it can impose restrictions on others (those deployed by students in the dorms or in the labs, for example).  It is also like the operator of a Fixed WWAN if one exists, it controls the local TV broadcast.  Moreover, through established contracts it may gain significant control over the installed cellular femto-cells and/or outsource the operation of some or all of the wireless campus network to a cellular operator.  
In the case of a mall, the mall owner is likely to exercise significant control over the WiFi and femto-cell based networks installed in the mall.  Any Fixed WWAN covering the mall would likely be operated either by the mall owner or an wireless service operator under a lease from the mall owner.  The same operator may then be providing coordination services for other wireless LANs in the mall.  
2.2 Congested Apartment Whitespace Services

The macro scenario where there are primarily high density living spaces like apartments is one in which the predominant uses would be of small cells, either WiFi or Femtocells.  These WiFi or femtocells would operate in the presence of many of the same macro services as in the previous use case – namely cellular and local TV  In the following discussion, we only point to the differences between the two use cases.  
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2.2.1 Cellular

The presence of a large number of femtocell-using cellular users in a congested apartment scenario imply that the density requires enough cellular channels to support the apartment density.  The use of whitespace frequencies enables more and multiple channels to support the cellular voice to a femtocell access point in the individual apartments of a dense apartment complex. 
2.2.2 WiFi

Lots of WiFi users in a congested apartment scenario implies that the density requires changes in the power levels and channels in order to work together effectively.  The use of whitespace frequencies enables an expansion of the available unlicensed frequencies for such use, i.e. 2.4 and 5.15GHz.  

2.2.3 Control of operation

In the case of apartment building, each individual apartment dweller is a fully independent operator of its own small wireless network.  Whether this operator relies on WiFi or a femtocell ased network  (or both), each acts independently.  Moreover, the following factors need to be considered: 

· Each apartment dweller may utlize different broadband service providers (in large cities it is not uncommon for 3-4 different cable/fiber providers to service the same building).  Consequently, different ISPs are likely to be used as well.  Each apartment dweller  utilized its own independently selected cellular service provider.

It should be clear that in this case coordination of white space usage through a single point of contact for the building as a whole is not likely.   
2.3 Home Coexistence Scenario

The existing providers of home equipment and services are intent on seeing if they can use Whitespace frequencies to extend and multiply their products and services through a new source of both licensed and unlicensed frequencies.  These will all be addressed separately.
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2.3.1 Home Cellular

The cellular providers would like to have Whitespace extensions of the cellular frequencies in the form of video or services channels in the 4W Database space in addition to the use of unlicensed Whitespace femtocells in the home.  The cellular provider use of Whitespace frequencies includes voice, Internet, and VOIP.  The cellular providers will probably want to provide all their existing services, plus video and some other services that are enabled by either more bandwidth or by more frequencies to provide more services.  By voice is meant the traditional voice calls made between individuals or at teleconferences.  By femtocell is meant the use of the Whitespace frequencies to fill dead spots in the cellular coverage.  For example, the cellular companies are attempting two different kinds of femtocells for the home.  One type of femtocell uses the licensed frequencies or Whitespace frequencies to provide the bandwidth for interfacing the existing cellular telephone with a home or non-home femtocell to the existing cellular network.  Another type of femtocell uses the wireless LANs (802.11 WLANs) found in most homes to connect the cellular phone (with WiFi included) to provide the femtocell services for the cellular company.  The Internet services offered by cellular companies are melding into just Internet services.  The cellular companies went to extreme lengths to force the Internet service through their cellular offerings.  There are more and more ways around cellular offerings of Internet service.  For instance, Skype is now being offered by application providers to be loaded on Smartphones.  The use of Skype, in the areas where a WiFi network is available, is becoming the norm.  This negates the required use of cellular frequencies when using voice or personal video on a cellular phone.  These circumstances are going to persist and more of the cellular voice and VOIP service will be moved to the WiFi and Skype capabilities on the Smartphones.
2.3.2 Home WiFi (IEEE 802.11)

The WiFi providers can presently reach the kinds of distances discussed in 4W Whitespace Database specifications using 1W unlicensed frequencies in the 2.4 and 5GHz bands.  There surely will be instances of the WiFi providers wanting to use 4W Whitespace using the database for access to longer distance customers of their provider services.

The WiFi providers of home equipment would like to use the Whitespace frequencies to extend and expand the use of currently used unlicensed (2.4 and 5GHz) frequencies for WiFi.  The more bandwidth could mean more capable delivery of video or other services over WiFi. 
2.3.3 Home Fixed WWAN (Fixed WiMAX)

The Fixed WWAN providers would like to have Whitespace extensions of the Fixed WWAN  frequencies in the form of video or services channels in the 4W Database space in addition to the use of unlicensed WiMAX Whitespace femtocells in the home.  
The Fixed WWAN providers of home equipment would like to use the Whitespace frequencies to extend, improve and expand the use of those frequencies for Fixed WWAN.  It has become a cause célèbre to exploit the time-based communications PHYs of the Fixed WWAN protocols in an unlicensed environment.  The result, however, is that the use of 802.16 PHYs and MAC protocols is not technically feasible in the same areas  as the power and frequency-based PHYs and MACs of the WiFi protocols.  The conclusion is that the two are incompatible and the one that has the most control in an unlicensed environment is the WiFi protocol set.  This does not cause significant issues for WiFi, but makes the use of unlicensed Fixed WWAN unworkable.   So, the insistence from the non-functioning unlicensed Fixed WWAN technology is that the Whitespace FCC rules should require silence periods or beaconing to facilitate the use of unlicensed Fixed WWAN in the Whitespace frequencies.
2.3.4 Home WS (IEEE 802.22)

The fixed Whitespace 4W IEEE 802.22 services are those that use the database and have the ability to use 4W power settings to provide Whitespace services like Internet access or TV broadcast.
2.3.5 Home WS (non-IEEE 802)

There will assuredly be non-IEEE 802  deployments in the Whitespace frequencies.  Whether they are technically or economically feasible considering the head start of the 802 standards is another question that will be answered by the speed of completion of the technical standards and by the economic feasibility of those products.
2.3.5.1 Microphones

Microphones fit into the home non-802 Whitespace use case as well as in the campus and suburban shopping mall scenarios.  They may also have those same kinds of issues with coexistence although a reduced number of microphones would be expected.
2.3.6 Whitespace TV Providers
The Whitespace TV providers may attempt to rebroadcast content to those customers who do not have access because of distance from the transmission towers.  This content could be provided over the 4W Database rules.
2.3.6.1 Local TV

Another interesting scenario for the home is for the home to have local TV broadcast out to the tractor from the farmhouse, for instance.  Another might be for the Webcam transmitted to neighbor farmers 
2.3.7  Control of operations in the Home use case

It is likely that in this use case the home operator becomes a single point of control for a significant number of use case players, including femtocells, WiFi, smaller non-802 devices (e.g. microphones).   However, other whitespace players (e.g. cellular and whitespace TV) remain outside of the space of control of the home user. 
3.  Coexistence Matrix

The original coexistence matrix was created by Gerald Chouinard, but has been expanded upon and illustrates the coexistence scenarios in graphic form:
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The red entries in this matrix demonstrate that a large number of technologies do not coexist well today.   However, such a conclusion is dependent on the underlying assumption that a passive coexistence mechanism is the only approach that may be used.  In fact, as we have seen, certain key use cases enable a more coordinated approach through the presence of a centralized controlling entity.  The 802 community should exploit whether such a mechanism might make sense.  
Abstract
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WiFi networks (per store, department, etc.)

WiFi hot-spots

Femto-cells

40 mW devices

Microphones

Presence of a single coordinating entity

Campus owner

Mall owner

This entity may

Own and sublease all or part of the network

Impose constraints and requirements on network operations by individual operators
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The Apartment Building Use Case

Key aspects of this Use Case

Presence of macro-coverage

Cellular providers

Fixed WWAN (Wimax)

Potentially high density of 100mW devices

WiFi networks (per store, department, etc.)

WiFi hot-spots

Femto-cells

40 mW devices

Microphones

Each apartment potentially an independent network

May use different broadband/cellular/femto-cell providers

No ability to coordinate WiFi usage (except maybe direct human goodwill)
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Whitespace Microphone

Use Around the Home
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