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1. Introduction
The purpose of this contribution is to summarize the requirements relevant for RAN4 that are specified by Federal Communications Commission (FCC) for RF equipment to be utilized for commercial shared use of 150 MHz of spectrum in the 3550-3700 MHz (3.5 GHz) band.
2. Background

3.5 GHz band is governed by new Part 96 of electronic Code of Federal Regulations (eCFR) [1] recently amended according to FCC R&O FCC-16 55A1 [2], containing rules to create a three-tiered commercial radio service called Citizens Broadband Radio Service (CBRS). Both licensed and unlicensed use of the 3.5 GHz band is allowed for a wide variety of services that will share spectrum with incumbent federal and non-federal users under Spectrum Access System (SAS) control. 

More specifically the first and highest tier includes existing primary operations (incumbent users): authorized federal users, Fixed Satellite Service (FSS) earth stations, and Wireless Broadband  Licensee authorized to operate  in 3650-3700 MHz band; the second tier includes Priority Access (PA) licensees holding one or more authorization to use an unpaired 10 MHz channel in the 3550-3650 MHz range in a given geographic service area for a single three year period; the third tier includes General Authorized Access (GAA) users having general FCC license qualifications, which may operate in 3550-3700 MHz frequency range on a shared basis without an individual license (they may use PAL frequencies outside the PAL protection areas).
The Incumbent users are entitled to interference protection from the two lower CBRS tiers. In order to protect federal incumbents, the FCC will implement Environmental Sensing Capability (ESC) systems for detecting and communicating to the SAS the presence of a signal from a federal system, and will define Exclusion and Protection Zones. Priority Access Licensees are entitled to protection from GAA users and other Priority Access Licensees.  
3.  Radio Requirements
The FCC has defined very specific requirements for RF equipment that will be utilized for commercial use in the 3.5 GHz band. Base Stations (BSs), called Citizens Broadband Service Devices (CBSDs), are classified as in the following:

· Category A:  lower power CBSDs limited to a maximum EIRP of 30 dBm in 10MHz and a maximum power spectral density (PSD) of 20 dBm/MHz; they can operate either indoor or outdoor, with antennas for outdoor deployments not exceeding 6 meters height above average terrain;
· Category B: higher power CBSDs (with 47 dBm/10MHz EIRP limit and 37 dBm/MHz PSD limit), which may only be used outdoor, must be professionally installed, and, in 3550-3650 MHz, are authorized for use only after an ESC is approved and commercially deployed. 
All CBSDs must operate at or below the maximum power level authorized by the SAS, in locations and on the channels or frequencies authorized by the SAS. They must support power control and be able to cease transmission, move to another frequency range, or change their power level within 60 seconds as instructed by the SAS. They must be capable of two-way communications on any authorized frequency.
To avoid that excessive peak power levels cause transient interference in other systems, the Peak to average Power Ratio (PAPR) of any CBSD transmitter output power must not exceed 13dB.  PAPR measurements may be performed using Complementary Cumulative Distribution Function (CCDF) based procedure or another Commission approved procedure. 

End User devices have a 23dBm/10MHz EIRP limit, shall support transmit power control capability and must be able to change their operational power level, change frequencies or discontinue operations within 10 seconds as instructed by their associated CBSDs. 
Table 1 summarizes the abovementioned UE and BS output power limits.

Table 1 – BS and UE TX Power Limits
	
	Cat A CBSD (BS)
	Cat B CBSD (BS)
	End User Device (UE)

	Maximum EIRP (dBm/10MHz)
	30
	47
	23

	Maximum PSD (dBm/MHz)
	20
	37
	n/a

	Maximum PAPR (dB)
	13
	n/a


In order to mitigate possibility of interference between different users, CBSDs and UEs are subject to the emissions and interference limits reported below and illustrated in Figure 1:
· The conducted power of any emission outside the fundamental emission (whether in or outside of the authorized band) shall not exceed−13 dBm/MHz within 0-10 MHz outside the edge of the assigned channel or of the combined contiguous assigned channels. 
· The conducted power of any emission shall not exceed −25 dBm/MHz at frequencies greater than 10 MHz from the assigned channel or combined contiguous channels’ edges down to 3530 MHz and up to 3720 MHz; and −40dBm/MHz below 3530 MHz or above 3720 MHz. 
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Figure 1 – Emission Limits (dBm/MHz)
Anyway, when an emission outside of the authorized bandwidth causes harmful interference, the Commission may, at its discretion, require greater attenuation than specified before.
Emission power measurements may be performed using either RMS-detection or peak-detection.  Measurement instrumentation shall employ a resolution bandwidth of 1 MHz or greater, except in the 1 MHz bands immediately outside and adjacent to the assigned channel, where it may be no less than 1% of the fundamental emission bandwidth (defined as the bandwidth outside which all emissions are attenuated at least 26dB below the transmitter power).  
To protect a PA licensee, the SAS will not authorize other PA or GAA CBSDs on the same channel, in geographical areas, and at maximum power level that will cause aggregate interference higher than an rms level of -80dBm/10MHz at or within the PAL protection area, with the measurement antenna placed at 1.5 meter height above ground level.  The affected PAL licensees can agree an alternative limit and communicate it to the SAS.

(The PAL protection area is evaluated by the SAS determining the default protection contour around each CBSD of the PAL licensee corresponding to -96dBm/10MHz signal strength. A PAL can choose to adopt a smaller protection contour than the default one and communicate it to the SAS.)
Priority Access Licensees must accept adjacent channel and in-band blocking interference (emissions from other authorized Priority Access or GAA CBSDs) up to a PSD level not exceeding −40 dBm/10MHz with greater than 99% probability, with the measurement antenna placed at 1.5 meter height above ground level.  The affected Priority Access Licensees can agree an alternative limit and inform the SAS.
3. Conclusions
Unpaired channels allocation makes TDD the preferred solution for CBRS 3.5GHz spectrum.  Requirements on transmit power target medium range and smaller cells scenarios. More stringent emission limits require the definition of a new band for CBRS in US with UE and BS requirements compliant with FFC specifications. 
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