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1 Introduction
United States Federal Communications Commission (FCC) issued a Report and Order (R&O) [1], adopting rules for commercial use of 150 MHz of spectrum in the 3550-3700 MHz band (3.5 GHz Band). The R&O establishes a roadmap for making the whole 150 MHz available for commercial under the Citizen Broadband Radio Service (CBRS). The 3550-3650 MHz band segment is currently allocated for use by US Department of Defense (DoD) radar systems. In 2010, the National Telecommunications and Information Administration (NTIA) proposed making the band available for shared use with commercial systems though large exclusion zone to protect DoD radar systems. In 2015, however, NTIA recommended the reduction of the geographic area of the zones by approximately 77 percent. Moreover, NTIA recommended the use of sensor technology to permit commercial use inside the zones, providing a roadmap to full nationwide commercial use of the band. Provisions were also included for Fixed Satellite Services (FSS) and grandfathered terrestrial fixed wireless services (such as fixed WiMAX) deployed locally in some areas in United States. 
FCC framework for 3.5 GHz shared spectrum is radio technology-agnostic. However, since LTE is a potential radio technology to be used in this framework, this paper provides a brief summary of CBRS structure at 3.5 GHz band, and FCC requirements that might be relevant to 3GPP. As relevant to this paper, FCC report [1] uses the term “Citizen Broadband Radio Service Device (CBSD)” to refer to category A and category B LTE eNBs, including macro-cell, micro-cell, pico-cell, and home eNBs with maximum power defined in the report, and explained in this paper afterwards. 
2 CBRS Framework
FCC suggested three-tiered sharing framework enabled by a Spectrum Access System (SAS), a centralized management system for spectrum that leverages sensor technologies. The DoD radar system along with FSS at 3625-3650 MHz, and, for a finite period, grandfathered terrestrial wireless operations in the 3650-3700 MHz portion compose the highest tier of the sharing framework entitled “Incumbent” users. An area of radius 80 km around federal incumbents are considered as exclusion zone, where nobody else can operate. Upon deployment of authorized sensors, the exclusion zones are converted to protection zone, where the users of other tiers (2nd and 3rd) can operate provided that they protect the incumbents according to FCC defined rules. The second and third tiers encompass commercial services, and are titled Priority Access Licenses (PAL) and General Authorized Access (GAA), respectively. The incumbents must be protected from anybody else using the band. The SAS authorizes certain frequencies in any given location by the PAL or GAA. Figure 1 depicts the 3.5 GHz spectrum structure, and allowed spectrum location for PAL and GAA. The shared spectrum in United coincides with portions of 3GPP LTE bands 42 (from 3400 to 3600 MHz) and 43 (from 3600 to 3800 MHz), as depicted in Figure 1.
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Figure 3.1: Spectrum Shared 3.5 GHz spectrum structure mapped over bands 42 and 43

2.1 PAL
PAL is authorized through auction performed by FCC and has three components: 

a) License term (Time), defined as a three-year period by FCC. The PAL would terminate automatically at the end of three-year term. The process of re-application is determined by FCC

b) Geographic area (Location): The PAL authorization is provided by a census tract, a statistical subdivision of a county or equivalent entity, updated prior to each 10-years census in united states. The current census tract definition is based on 2010 United States census.

c) Channel (Frequency): A PAL is defined as 10 MHz channel selected from the range of 3550-3650 MHz. A maximum of seven (7) PALs can be assigned at each licensed area, at any given time. A single licensee can obtain and possibly aggregate no more than four (4) channels at any given time.

The geographic area, and multiple channels assigned to a PAL licensee at any time must be contiguous to the extent possible.

PAL users must provide no interference to incumbents, and protect other PAL users operating in adjacent areas. The PAL users deployed in the protection zone shall assume interference from incumbents. However, PAL users are not necessarily expected to provide protection for GAA users. The PAL users must be protected by GAA users, as well as by other PAL users deployed in the area.
The channels assigned to PAL users can be re-assigned to GAA users, if they are not used by the PAL licensee. The duration of criteria of determining “used” channels are decided by the SAS. 

According to FCC R & O [1], all CBSDs used by PAL users must be registered and authenticated at the SAS.

2.2 GAA
GAA users can use any channel in the whole 150 MHz spectrum provided that: 

d) By using the channel, the GAA user does not provide any interference to the incumbents

e) The channel is not assigned to any PAL licensee, or if assigned to a PAL licensee, it is determined “unused” by the PAL user. The duration of criteria of determining “used” channels are decided by the SAS. 

f) The frequencies available for GAA use must be used in a shared basis.

GAA users must protect both PAL and incumbent users, but will receive no interference protection from other users in the band. Specifically, GAA users must not expect any interference protection from other GAA users. FCC report [1] does not explicitly define the criteria by which the channels are assigned to GAA users, whether they are fully managed or fully unmanaged by the SAS, but the category B CBSDs used by GAA users must make every effort to cooperate in the selection and use of available frequencies by SAS to minimize the potential interference to other users. 
According to FCC R & O [1], all CBSDs used by PAL users must be registered and authenticated at the SAS.

2.3 SAS
FCC has envisioned a central spectrum management entity called Spectrum Access System (SAS), augmented by a network of Environment Sensing Capability (ESC) components to sense every channel in the range 3.55-3.7 GHz for incumbent users, and manage the spectrum allocation and assignment of PAL and GAA users.

In addition to interacting with the sensors to sense the band for incumbent users, and managing the spectrum allocation for PAL and GAA users, SAS must register and authenticate all CBSDs used by PAL and GAA users, and determine and provide the maximum permissible transmission power by those CBSDs. 

SAS is also responsible for retaining information exclusion and protection zone and enforce the rules and protection criteria to incumbents by all users. The information regarding exclusion and protection zone is retained by initially communicating with the sensors (ESC) to obtain information about federal Incumbent User transmissions. Upon sensing incumbents in any area, SAS must instruct CBSDs to move to another frequency range or terminate their operation at the channel.

SAS also ensures that the CBSDs operate in the designated geographic areas and within the maximum power levels required to protect federal and non-federal Incumbent Users from harmful interference.

The protection of a PAL licensee by other PAL or GAA user are also managed by the SAS. Moreover, the coordination between GAA users operating Category B CBSDs, are performed by the SAS. Any conflict in the use of the band is resolved by the SAS, while maintaining a stable radio frequency environment.

SAS must ensure security for incumbents required by federal entities, and also enforce a secure and reliable transmission of information between the SAS and CBSDs.

3 CBRS Architecture

Figure 2 depicts the system architecture governing the CBRS system, as suggested by [1]. The heart of this system is the central spectrum manager and scheduler called the Spectrum Access System (SAS). The architecture includes an incumbent detection capabilities provided by ESCs. The information from ESCs and FCC channel databases enable the SAS to effectively provide dynamic channel allocation to different users, and ensure the Quality of Service (QoS) for different tiers, and enforce the protection requirements set by FCC R&O. The Citizen Broadband Radio Service Devices (CBSDs) can use the spectrum in this band, only if they are authorized by SAS to operate. Each CBSD has to register and authenticate with the SAS before being able to operate in this band. 

As depicted in Figure 2, the CBSDs could either communicate with the SAS directly, or through a Proxy. 
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Figure 2: CBRS System Architecture as proposed by FCC [1]
A Proxy is a managing intermediary, which could perform bulk registration, authentication, and directive processing on behalf of all CBSDs in a certain operator network, or enterprise. At the same time, it can receive channel allocation from SAS and performs channel assignment and configurations for all connected CBSDs. It can perform bidirectional information processing, reporting, and routing such as interference reporting, power configuration, etc. Proxy could directly communicate with the CBSDs or optionally through the operators existing Network Management Systems (NMS) or Element Management Systems (EMS). In operator networks, EMS or NMS is responsible for configuring the CBSDs’ spectrum, power and other configurable parameters. In this case, proxy could report the channel assignments performed by EMS back to the SAS. 

Different SASs operating in this band could communicate with each other through the SAS-SAS interface. This interface allows sharing the databases, channel allocation, load balancing interference management of CBRS to enable each SAS to perform its management functionalities more efficiently. 

Winn Forum Spectrum Sharing Committee (WinnF SSC) [2] has studied mechanisms to evolve this structure in the following three optional areas a) separating the Proxy (or domain proxy) and Network Manager (or EMS) to provide more deployment flexibility, and b) employing the CBSD sensing to enhance SAS’s capability in retaining and updating the environment map, and c) enabling SAS to communicate with ESCs (as non-informant incumbents) and “informing incumbents” (incumbent driven by notification), as proposed by CTIA [3].

4 3GPP Relevant CBRS Requirements

FCC Report [1] has defined several requirements for operation of spectrum sharing architecture in 3.5 GHz band. Here, we list some of those requirements that could be relevant to 3GPP. It is important to mention that some of the industry players have commented or filed some request for reconsideration to United States FCC. FCC’s response those petitions for reconsideration.is remained to be seen. 
4.1 CBSD and UE Requirements
FCC Report [1] has defined the following requirements for CBSDs and UEs operating in this band, that might be relevant to 3GPP. In cases where the requirement is applicable to CBSDs or UEs only, they are explicitly pointed out.
a) Positioning: All CBSDs must be able to determine their geographic coordinates to an accuracy of ±50m horizontal and ±3m of elevation, and reported to SAS.

b) Registration and Authentication: All CBSDs must register and authenticate with an SAS prior to initial service transmission. During registration, the CBSDs must provide several information to SAS including its geographic location, some antenna related information, CBSD power class (Category A/Category B), requested authorization status (PAL or GAA), air interface technology, sensing capabilities (if supported), etc. 
c) Max Power and Frequency Operation: The CBSDs must operate at frequency channels authorized by SAS, and comply with the maximum transmit power limitation as defined by FCC report [1], and repeated in Table 1, and maximum power levels as authorized by SAS. They have to comply with dynamic power and frequency setting by SAS. The adjustment must happen below sixty (60) seconds from the time it receives the command from the SAS.
Table 1: FCC Conducted and EIRP power limits
	Device
	Geographic Area
	Max Conducted Output Power in 10 MHz Channel (dBm / 10MHz)
	Max EIRP in 10 MHz Channel (dBm / 10MHz)
	Max Conducted PSD in 10 MHz Channel (dBm / 10MHz)

	End User
	All
	N/A
	23
	N/A

	Category A CBSD
	All
	24
	30
	14

	Category B CBSD
	Non-Rural
	24
	40
	14

	Category B CBSD
	Rural
	30
	47
	20


d) Signal Level Reporting: All CBSD must report their or their associate UEs received signal strength in its occupied frequencies and adjacent frequencies, received packet error rates or other interference metrics of interference. 
e) Received Signal Strength Limits: The aggregated received signals from all PAL or GAA CBSDs and users at the boundary of their Service Area (could be one or multiple contiguous census tracts) must stay below -80 dBm per 10 MHz rms value, in any direction with the measurement antenna placed at a height of 1.5m above ground level.
f) Out of Band Emission (OOBE): As depicted in Figure 3, the OOBE outside the fundamental emission must be below or equal to -13 dBm/MHz within 0-10 MHz from the edges of SAS-assigned channel (or contiguous channels). The same emission must be below or equal to below -25 dBm/MHz beyond 10 MHz from the channel edges of SAS assigned channel (or contiguous channels). Moreover, the power of any emissions below 3530 MHz or above 3720 MHz shall not exceed -40dBm/MHz. 
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Figure 3: Out of Band Emission Requirements

g) Measurement Resolution Bandwidth: The resolution bandwidth must be 1 MHz or greater. However, in the bands immediately outside and adjacent to the licensee's authorized frequency channel, a resolution bandwidth of no less than one percent of the fundamental emission bandwidth may be employed. 

h) Receiver/Blocking Requirements: PAL CBSDs and UEs must accept adjacent channel and in-band blocking interference (emissions from other authorized Priority Access or GAA CBSDs transmitting between 3550 and 3700 MHz) up to a maximum level -40 dBm per 10 MHz channel in any direction with greater than 99% probability. The measurement antenna is placed at a height of 1.5 meters above ground level.

i) Category B CBSDs are limited to outdoor operations.
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