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FCC 3650-3700 MHz Memorandum Opinion and Order FCC 05-56

http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-05-56A1.pdf
P68 Statement of Commissioner Michael J. Copps, second para

Unlike the unlicensed bands, however, we allow higher power use and establish tools by which licenses can avoid or correct interference. First, each licensee must include technology within its network that is designed to avoid interference. This, we hope, will avoid much of the interference possible when multiple high power systems operate along side one another. Second, each licensee will know the location of each other licensee because of the registration system, reducing the costs associated with identifying potential interference sources and allowing better initial system designs. 

Therefore, while there is no first-in-time interference protection, licensees can engineer their systems to avoid mutually destructive interference between new and existing systems. Additionally, every licensee has the responsibility, when contacted by another licensee asserting that they are suffering interference, to work with them in good faith to resolve the interference. If a licensee believes another licensee is intentionally interfering or breaching this good faith responsibility, they can come to the FCC.

Section 31  Licensed on Co-primary basis, no priority for first-in users, and footnote 55 - there is no specified spectrum utilization plan

Sections 49, 56-58

49. We will leave it up to the industry to determine flexible and efficient methods for meeting the technical requirements we adopt herein. In particular, the industry will need to address issues such as contention-based protocols and base-station enabled mobile operations.
56. We believe the best way of preventing the second form of interference from occurring is to require systems operating in the 3650-3700 MHz band to incorporate a contention-based protocol. Such protocols can be characterized by having the following properties: procedures for initiating new transmissions, procedures for determining the state of the channel (available or unavailable), and procedures for managing retransmissions in the event of a busy channel.

57. Systems using a contention-based protocol have been common for quite some time for both licensed and unlicensed systems. For example, licensees operating in the private land mobile radio bands under Part 90 of our rules have employed contention based systems in its simplest form. That is, prior to transmitting, an operator would listen to the traffic on the radio and wait until the channel was free before transmitting (i.e, listen before talk).116 More complex schemes also exist, such as that used by unlicensed Wi-Fi devices (also know as IEEE 802.11). Wi-Fi uses a contention-based protocol known as Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA). This protocol, like the simple Part 90 model, also uses a listen before talk scheme. This means that a station wishing to transmit must first sense the radio channel to determine if another station is transmitting. If the channel is not busy, the transmission may proceed. The CSMA/CA protocol avoids collisions among stations sharing the medium by utilizing a random backoff time if the station senses a busy channel. This process is repeated until the station is allowed to transmit. Such a scheme ensures channel sharing while avoiding collisions. Because such a scheme inherently incorporates unpredictable delay as the transmitter waits until the channel is idle, it is often not the best choice for time sensitive applications such as voice communications. 

58. Because we are not according terrestrial licensees exclusive use of the spectrum in any area and because we wish to provide for widespread deployment of equipment, we believe that a contention-based protocol is a reasonable, cost effective method for ensuring the ability of any user to access the spectrum. A contention based protocol also will have to ensure that all users will have a reasonable opportunity to operate, so that no operator can block others’ access to the spectrum.117 Accordingly, we will require fixed, base and mobile equipment designed for use in the 3650 MHz band to incorporate some type of contention based protocol.118 As has been our practice, we will not specify a specific protocol, but leave it to the industry and standards bodies to determine appropriate protocols. The incorporation of such a protocol will be a requirement of the equipment certification process, and equipment that appears to be designed to preclude others from using this spectrum will not be approved.

In monitoring the use of this spectrum, the Commission remains free to modify the rules if there appears to be significant problems in this regard. We also will add the following definition of contention-based protocol into the rules:

Contention based protocol: A protocol that allows multiple users to share the same spectrum by defining the events that must occur when two or more transmitters attempt to simultaneously access the same channel and establishing rules by which a transmitter provides reasonable opportunities for other transmitters to operate. Such a protocol may consist of procedures for initiating new transmissions, procedures for determining the state of the channel (available or unavailable), and procedures for managing retransmissions in the event of a busy channel.
-----------------------------------------------------

116 Because we expect data communications in this band, a simple listen before talk approach relying on aural sensing would not be appropriate here.

117 We also note that each licensee has an obligation to act in good faith to help eliminate interference, as discussed above.

118 The requirement for the use of contention protocol for the terrestrial services is unrelated to the potential use of contention protocols by the earth stations in the FSS. Very small aperture (VSAT) network operators in the FSS may use contention protocols to manage the traffic within their VSAT networks. In that context, there is an increase in power levels and an increased potential for harmful interference during collisions. Petition of Spacenet, Inc. for a Declaratory Ruling that Section 25.134 of the Commission's Rules Permits VSAT Remote Stations in the Fixed Satellite Service to Use Network Access Schemes that Allow Statistically Infrequent Overlapping Transmissions of Short Duration, or, in the Alternative, For Rulemaking to Amend that Section, Order, 15 FCC Rcd 23712 (Int'l Bur., 2000) (Spacenet Order). Accordingly, the Commission has proposed rules to limit VSAT network power levels during collisions, most recently in an NPRM adopted concurrently with this Order. See 2000 Biennial Regulatory Review -- Streamlining and Other Revisions of Part 25 of the Commission’s Rules Governing the Licensing of, and Spectrum Usage by, Satellite Network Earth Stations and Space Stations, Notice of Proposed Rulemaking, IB Docket No. 00-248, FCC 05-xxx (adopted Mar. 10, 2005) (Part 25 Streamlining Third Further Notice). We conclude that, in the context of terrestrial operations in the 3650-3700 MHz band, the requirements we adopt in Section 90.1321(b) as set forth in Appendix A are adequate to prevent harmful interference.

§ 90.1319 Policies governing the use of the 3650-3700 MHz band.

(a) Channels in this band are available on a shared basis only and will not be assigned for the exclusive use of any licensee

(b) Any base, fixed, or mobile station operating in the band must employ a contention-based protocol.

(c) All applicants and licensees shall cooperate in the selection and use of frequencies in the 3650-3700

MHz band in order to minimize the potential for interference and make the most effective use of the authorized facilities. A database identifying the locations of registered stations will be available at

<http://wireless.fcc.gov/uls>. Licensees should examine this database before seeking station authorization, and make every effort to ensure that their fixed and base stations operate at a location, and with technical parameters, that will minimize the potential to cause and receive interference. Licensees of stations suffering or causing harmful interference are expected to cooperate and resolve this problem by mutually satisfactory arrangements.
§ 90.1321 Power and antenna limits.

(a) Base and fixed stations are limited to 25 watts/25 MHz equivalent isotropically radiated power (EIRP). In any event, the peak EIRP power density shall not exceed 1 Watt in any one-megahertz slice of spectrum.

(b) In addition to the provisions in paragraph (a) of this section, transmitters operating in the 3650-3700

MHz band that emit multiple directional beams, simultaneously or sequentially, for the purpose of directing signals to individual receivers or to groups of receivers provided the emissions comply with the following:

(1) Different information must be transmitted to each receiver.

(2) If the transmitter employs an antenna system that emits multiple directional beams but does not emit multiple directional beams simultaneously, the total output power conducted to the array or arrays that comprise the device, i.e., the sum of the power supplied to all antennas, antenna elements, staves, etc. and summed across all carriers or frequency channels, shall not exceed the limit specified in paragraph (a) of this section, as applicable. The directional antenna gain shall be computed as follows:

(i) The directional gain, in dBi, shall be calculated as the sum of 10 log (number of array elements or staves) plus the directional gain, in dBi, of the individual element or stave having the highest gain.

(ii) A lower value for the directional gain than that calculated in paragraph (b)(2)(i) of this section will be accepted if sufficient evidence is presented, e.g., due to shading of the array or coherence loss in the beam-forming.

(3) If a transmitter employs an antenna that operates simultaneously on multiple directional beams using the same or different frequency channels and if transmitted beams overlap, the power shall be reduced to ensure that the aggregate power from the overlapping beams does not exceed the limit specified in paragraph (b)(2) of this section. In addition, the aggregate power transmitted simultaneously on all beams shall not exceed the limit specified in paragraph (b)(2) of this section by more than 8 dB.

(4) Transmitters that emit a single directional beam shall operate under the provisions of paragraph (b)(2) of this section.

(c) Mobile and portable stations are limited to 1 watt/25 MHz EIRP. In any event, the peak EIRP density shall not exceed 40 milliwatts in any one-megahertz slice of spectrum.
FCC Cognitive Radio Report and Order FCC 05-57

http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-05-57A1.pdf 

Clause 11

As radios become more intelligent, they gain greater flexibility and are able to adapt their RF behavior to identify and use spectrum that otherwise would not be available for fear of causing interference. Features that cognitive radios can incorporate to allow for more efficient, flexible spectrum use include:

• Frequency Agility - the ability of a radio to change its operating frequency to optimize use under certain conditions

• Dynamic Frequency Selection (DFS) – the ability to sense signals from other nearby transmitters in an effort to choose an optimum operating environment

• Adaptive Modulation – the ability to modify transmission characteristics and waveforms to exploit opportunities to use spectrum.

• Transmit Power Control (TPC) – to permit transmission at full power limits when necessary, but constrain the transmitter power to a lower level to allow greater sharing of spectrum when higher power operation is not necessary.

• Location Awareness - the ability for a device to determine its location and the location of other transmitters, and first determine whether it is permissible to transmit at all, then to select the appropriate operating parameters such as the power and frequency allowed at its location.

• Negotiated Use - a cognitive radio could incorporate a mechanism that would enable sharing of spectrum under the terms of a prearranged agreement between a licensee and a third party. Cognitive radios may eventually enable parties to negotiate for spectrum use on an ad hoc or real-time basis, without the need for prior agreements between all parties.

Clause 17

On December 17, 2003, we adopted a Notice of Proposed Rule Making and Order (“Notice”) in this proceeding to explore the uses of cognitive radio technology to facilitate improved spectrum access.21 The Notice addressed: 1) the capabilities of cognitive radios, 2) permitting higher power by unlicensed devices in rural or other areas of limited spectrum use, 3) enabling the development of secondary markets in spectrum use, including interruptible spectrum leasing, 4) applications of cognitive radio technology to dynamically coordinated spectrum sharing, and 5) software defined radio and cognitive radio equipment authorization rule changes. A total of 56 parties filed comments and 14 parties filed reply comments in response to the Notice.

FCC Cognitive Radio NPRM  FCC 03-322

http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-03-322A1.pdf

NTIA comments on CR NPRM 

http://www.ntia.doc.gov/ntiahome/fccfilings/2005/cogradio/ETDocket03-108_02152005.doc

Especially Section XVI, pages E-39 to E-41:

However, when detecting signals in bands where the characteristics of the licensed service vary over a wide range or can change because of future system developments, the detection should be based solely on received power level exceeding a specified threshold.  The actual detection threshold will vary depending on the characteristics of the licensed radio service and the unlicensed device application as well as the operational scenario.  The compliance measurements must verify that the signal detection is based on received power level in these situations.   

NTIA Technical characteristics of Radars in 3.1-3.7 GHz

http://www.ntia.doc.gov/osmhome/reports/ntia99-361/ntia99-361.pdf

Especially Figures 1 and 2 showing naval and military radars in use in 3.1-3.7 GHz bands 

Contention – examples of law DFS and U-PCS

FCC Part 15  Radio Frequency Devices

http://www.access.gpo.gov/nara/cfr/waisidx_04/47cfr15_04.html

 §15.407(h)

http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr15.407.pdf

47 C.F.R. §15.407(h) (to avoid interference to Federal Government operations)

(h) Transmit Power Control (TPC) and Dynamic Frequency Selection (DFS).

(1) Transmit power control (TPC). U-NII devices operating in the 5.25-5.35 GHz band and the 5.47-5.725 GHz band shall employ a TPC mechanism. The U-NII device is required to have the capability to operate at least 6 dB below the mean EIRP value of 30 dBm. A TPC mechanism is not required for systems with an e.i.r.p. of less than 500 mW.

(2) Radar Detection Function of Dynamic Frequency Selection (DFS). U-NII devices operating in the 5.25-5.35 GHz and 5.47-5.725 GHz bands shall employ a DFS radar detection mechanism to detect the presence of radar systems and to avoid co-channel operation with radar systems.

The minimum DFS detection threshold for devices with a maximum e.i.r.p. of 200 mW to 1 W is -64 dBm. For devices that operate with less than 200 mW e.i.r.p. the minimum detection threshold is -62 dBm. The detection threshold is the received power averaged over 1 microsecond referenced to a 0 dBi antenna. The DFS process shall be required to provide a uniform spreading of the loading over all the available channels.

(i) Operational Modes. The DFS requirement applies to the following operational modes:

(A) The requirement for channel availability check time applies in the master operational mode.

(B) The requirement for channel move time applies in both the master and slave operational modes.

(ii) Channel Availability Check Time. A U-NII device shall check if there is a radar system already operating on the channel before it can initiate a transmission on a channel and when it has to move to a new channel. The U-NII device may start using the channel if no radar signal with a power level greater than the interference threshold values listed above is detected within 60 seconds.

(iii) Channel Move Time. After a radar’s presence is detected, all transmissions shall cease on the operating channel within 10 seconds. Transmissions during this period shall consist of normal traffic for a maximum of 200 ms after detection of the radar signal. In addition, intermittent management and control signals can be sent during the remaining time to facilitate vacating the operating channel.

(iv) Non-occupancy Period. A channel that has been flagged as containing a radar system, either by a channel availability check or in-service monitoring, is subject to a non-occupancy period of at least 30 minutes. The non-occupancy period starts at the time when the radar system is detected.

==
Sunset for PCS Coordination

http://hraunfoss.fcc.gov/edocs_public/attachmatch/DA-05-1005A1.pdf

 §15.323

http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr15.323.pdf

47 C.F.R. §15.323

Section 15.323 Specific requirements for isochronous devices operating in the 1920-1930 MHz sub-band.

 (a) Operation shall be contained within one of eight 1.25 MHz channels starting with 1920-1921.25 MHz and ending with 1928.75-1930 MHz. Further sub-division of a 1.25 MHz channel is permitted with a reduced power level, as specified in Section 15.319(c), but in no event shall the emission bandwidth be less than 50 kHz.

(b) Intentional radiators with an intended emission bandwidth less than 625 kHz shall start searching for an available time and spectrum window within 3 MHz of the sub-band edge at 1920 MHz and search upward from that point. Devices with an intended emission bandwidth greater than 625 kHz shall start searching for an available time and spectrum window within 3 MHz of the sub-band edge at 1930 MHz and search downward from that point.

(c) Isochronous devices must incorporate a mechanism for monitoring the time and spectrum windows that its transmission is intended to occupy. The following criteria must be met:

(1) Immediately prior to initiating transmission, devices must monitor the combined time and spectrum windows in which they intend to transmit for a period of at least 10 milliseconds for systems designed to use a 10 millisecond or shorter frame period or at least 20 milliseconds for systems designed to use a 20 millisecond frame period.

(2) The monitoring threshold must not be more than 30 dB above the thermal noise power for a bandwidth equivalent to the emission bandwidth of the device.

(3) If no signal above the threshold level is detected, transmission may commence and continue with the same emission bandwidth in the monitored time and spectrum windows without further monitoring. However, occupation of the same combined time and spectrum windows by a device or group of cooperating devices continuously over a period of time longer than 8 hours is not permitted without repeating the access criteria.

(4) Once access to specific combined time and spectrum windows is obtained an acknowledgement from a system participant must be received by the initiating transmitter within one second or transmission must cease. Periodic acknowledgements must be received at least every 30 seconds or transmission must cease. Channels used exclusively for control and signalling information may transmit continuously for 30 seconds without receiving an acknowledgement, at which time the access criteria must be repeated.

(5) If access to spectrum is not available as determined by the above, and a minimum of 40 duplex system access channels are defined for the system, the time and spectrum windows with the lowest power level below a monitoring threshold of 50 dB above the thermal noise power determined for the emission bandwidth may be accessed. A device utilizing the provisions of this paragraph must have monitored all access channels defined for its system within the last 10 seconds and must verify, within the 20 milliseconds (40 milliseconds for devices designed to use a 20 millisecond frame period) immediately preceding actual channel access that the detected power of the selected time and spectrum windows is no higher than the previously detected value. The power measurement resolution for this comparison must be accurate to within 6 dB. No device or group of cooperating devices located within 1 meter of each other shall occupy more than three 1.25 MHz channels during any frame period. Devices in an operational state that are utilizing the provision of this section are not required to use the search provisions of (b) above.

(6) If the selected combined time and spectrum windows are unavailable, the device may either monitor and select different windows or seek to use the same windows after waiting an amount of time, randomly chosen from a uniform random distribution between 10 and 150 milliseconds, commencing when the channel becomes available.

(7) The monitoring system bandwidth must be equal to or greater than the emission bandwidth of the intended transmission and have a maximum reaction time less than 50xSQRT(1.25/emission bandwidth in MHz) microseconds for signals at the applicable threshold level but shall not be required to be less than 50 microseconds. If a signal is detected that is 6 dB or more above the applicable threshold level, the maximum reaction time shall be 35xSQRT(1.25/emission bandwidth in MHz) microseconds but shall not be required to be less than 35 microseconds.

(8) The monitoring system shall use the same antenna used for transmission, or an antenna that yields equivalent reception at that location.

(9) Devices that have a power output lower than the maximum permitted under the rules may increase their monitoring detection threshold by one decibel for each one decibel that the transmitter power is below the maximum permitted.

(10) An initiating device may attempt to establish a duplex connection by monitoring both its intended transmit and receive time and spectrum windows. If both the intended transmit and receive time and spectrum windows meet the access criteria, then the initiating device can initiate a transmission in the intended transmit time and spectrum window. If the power detected by the responding device can be decoded as a duplex connection signal from the initiating device, then the responding device may immediately begin transmitting on the receive time and spectrum window monitored by the initiating device.

(11) An initiating device that is prevented from monitoring during its intended transmit window due to monitoring system blocking from the transmissions of a co-located (within one meter) transmitter of the same system, may monitor the portions of the time and spectrum windows in which they intend to receive over a period of at least 10 milliseconds. The monitored time and spectrum window must total at least 50 percent of the 10 millisecond frame interval and the monitored spectrum must be within the 1.25 MHz frequency channel(s) already occupied by that device or co-located co-operating devices. If the access criteria is met for the intended receive time and spectrum window under the above conditions, then transmission in the intended transmit window by the initiating device may commence.

(12) The provisions of (c)(10) or (c)(11) shall not be used to extend the range of spectrum occupied over space or time for the purpose of denying fair access to spectrum to other devices.

(d) Emissions shall be attenuated below a reference power of 112 milliwatts as follows: 30 dB between the channel edges and 1.25 MHz above or below the channel; 50 dB between 1.25 and 2.5 MHz above or below the channel; and 60 dB at 2.5 MHz or greater above or below the channel. Systems that further sub-divide a 1.25 MHz channel into X sub-channels must comply with the following emission mask: In the bands between 1B and 2B measured from the center of the emission bandwidth the total power emitted by the device shall be at least 30 dB below the transmit power permitted for that device; in the bands between 2B and 3B measured from the center of the emission bandwidth the total power emitted by an intentional radiator shall be at least 50 dB below the transmit power permitted for that radiator; in the bands between 3B and the 1.25 MHz channel edge the total power emitted by an intentional radiator in the measurement bandwidth shall be at least 60 dB below the transmit power permitted for that radiator. "B" is defined as the emission bandwidth of the device in hertz. Compliance with the emission limits is based on the use of measurement instrumentation employing a peak detector function with an instrument resolution bandwidth approximately equal to 1.0 percent of the emission bandwidth of the device under measurement.

(e) The frame period (a set of consecutive time slots in which the position of each time slot can be identified by reference to a synchronizing source) of an intentional radiator operating in these subbands shall be 20 milliseconds/X where X is a positive whole number. Each device that implements time division for the purposes of maintaining a duplex connection on a given frequency carrier shall maintain a frame repetition rate with a frequency stability of at least 50 parts per millions (ppm). Each device which further divides access in time in order to support multiple communication links on a given frequency carrier shall maintain a frame repetition rate with a frequency stability of at least 10 ppm. The jitter (time-related, abrupt, spurious variations in the duration of the frame interval) introduced at the two ends of such a communication link shall not exceed 25 microseconds for any two consecutive transmissions. Transmissions shall be continuous in every time and spectrum window during the frame period defined for the device.

(f) The frequency stability of the carrier frequency of the intentional radiator shall be maintained within ± 10 ppm over 1 hour or the interval between channel access monitoring, whichever is shorter. The frequency stability shall be maintained over a temperature variation of -20o to +50o degrees C at normal supply voltage, and over a variation in the primary supply voltage of 85 percent to 115 percent of the rated supply voltage at a temperature of 20o C. For equipment that is capable only of operating from a battery, the frequency stability tests shall be performed using a new battery without any further requirement to vary supply voltage.

Interference Rules and Resolutions

http://wireless.fcc.gov/rules.html
FCC Part 22 Public Mobile Services

 §22.352 Protection from interference

http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr22.352.pdf

 §22.353 Blanketing interference

http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr22.353.pdf

FCC Part 24 Personal Communications Services
http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr24.237.pdf

 §24.237 Interference protection

(a) All licensees are required to coordinate their frequency usage with the co-channel or adjacent channel incumbent fixed microwave licensees in the 1850–1990 MHz band. Coordination must occur before initiating operations from any base station. Problems that arise during the coordination process are to be resolved by the parties to the coordination.

FCC Part 73 Broadcast Radio Services

 §73.318  FM blanketing interference

http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr73.318.pdf

 §73.612  Protection from interference – points out the FCC may grant new licenses whose operation may cause interference

FCC Part 95 Personal Radio Services
 §95.7 Channel sharing

http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr95.7.pdf

FCC Part 97 Amateur Radio Services
 §97.101 General Standards http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr97.101.pdf
FCC Part 101  Fixed Microwave Services

 §101.105 Interference Protection Criteria

http://a257.g.akamaitech.net/7/257/2422/12feb20041500/edocket.access.gpo.gov/cfr_2004/octqtr/pdf/47cfr101.105.pdf
A specific reference to monitor radios at base stations in the NPRM for sharing the TV bands, FCC 04-113,
http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-04-113A1.pdf
Page 10, Section 20 and footnote 34 on the “hidden node problem”
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