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[bookmark: dbreak][bookmark: _Toc269125070]AGENDA ITEM 1.8
(Res. 731 (WRC-2000): WP 5C / WP 7C, WP 7D, (WP 1A), (WP 4A))
(Res. 732 (WRC-2000): WP 5C / WP 7B, (WP 1A), (WP 4A))
1.8	to consider the progress of ITU‑R studies concerning the technical and regulatory issues relative to the fixed service in the bands between 71 GHz and 238 GHz, taking into account Resolutions 731 (WRC‑2000) and 732 (WRC‑2000);
Resolution 731 (WRC‑2000): Consideration by a future competent world radiocommunication conference of issues dealing with sharing and adjacent-band compatibility between passive and active services above 71 GHz
Resolution 732 (WRC‑2000): Consideration by a future competent world radiocommunication conference of issues dealing with sharing between active services above 71 GHz
[bookmark: _Toc269125071]3/1.8/1	Executive summary
WRC-12 Agenda item 1.8 deals with the review of technical and regulatory issues relative to the FS in bands above 71 GHz to address the increasing interest and emerging technology requirements with a view to ensuring that a suitable regulatory environment exists for the advancement (development/deployment) of fixed wireless technology into these higher bands, taking into account existing services and in accordance with Resolutions 731 and 732 (WRC-2000).
Studies within ITU-R have been focused on gathering the characteristics/deployment scenarios and future trends and requirements of FS systems in bands above 71 GHz. From these studies it can be established that there is an increasing move towards very wide band, high capacity fixed wireless systems (>10 Gbit/s) which may require further consideration on the most appropriate approach to achieve a suitable regulatory framework that will allow the introduction of these very high capacity systems in these bands. The technical characteristics of one high capacity FSS network filed in the 71-76 / 81-86 GHz bands were provided during the study period. However, no detailed sharing studies between FS and FSS have been undertaken to date. ITU-R has initiated in band sharing and adjacent band compatibility studies between FS in the 71‑76/81‑86 GHz bands and radioastronomy in the 81-86 GHz, 76-77.5 GHz, 79-81 GHz and 86‑92 GHz bands and EESS in the 86-92 GHz band.
Further studies are required and ongoing in ITU-R which may require regulatory action by this and/or a future World Radiocommunication Conference as appropriate.
Two methods are proposed to satisfy this Agenda item:
MethodA consists of no change to the Radio Regulations at this time but with two approaches(Approach A1 – NOC Resolutions 731 and 732 (WRC-2000); Approach A2 – SUP Resolutions 731 and 732 (WRC‑2000) and develop new Resolutions as appropriate in the future) to allow continuation of technical and operational considerations related to FS between 71-238 GHz to be addressed in ITU‑R Reports and Recommendations as appropriate. Regulatory action can then be taken based on these ITU-R documents by a future World Radiocommunication Conference as appropriate.
MethodB consists of introducing unwanted emission power masks on the FS through footnotes in RR Article 5 attached to the FS allocations in the bands 81-86 GHz and 92-95 GHz to protect the EESS in the adjacent band 86-92 GHz, with two approaches. Approach B1 proposesmandatory masks. This approach implies some limitations on the FS. Approach B2 proposes recommended masksthat may constrain the FS in countries implementing the mask and may constrain the EESS in countries that are not implementing the mask.
[bookmark: _Toc269125072]3/1.8/2	Background
WRC-2000 made allocations to both active and passive services in bands above 71 GHz based on what was known at the time about these services. The requirements of passive services were well known as they depend on physical phenomena but little was known at the time about the requirements and technical characteristics of the active services that might wish to exploit these higher bands. Therefore, Resolutions 731(WRC-2000) and 732 (WRC-2000) were adopted during WRC-2000 as a placeholder, setting out the studies required, to address future work in bands above 71 GHz “at a future competent conference”.
Although Resolutions 731 and 732 were adopted at WRC-2000 to address all radio services, WRC‑07 adopted Agenda item 1.8, which limits the studies with respect to Resolutions 731(WRC‑2000) and 732 (WRC-2000) to the FS related issues, and to an upper frequency of 238 GHz.
Since then millimetre wave spectrum above 71 GHz has become the subject of increasing interest for fixed wireless systems (FWS) use due to its propagation characteristics and the wide bandwidth available for carrying communications traffic. New technologies are now emerging that offer the possibility of using these higher bands for fixed wireless applications, taking advantage of the wide bandwidths available to support applications such as high speed data transmission (e.g. in the range 1 Gbit/s to 10 Gbit/s) for short hop (1-2 km) communication. There is also potential for even higher data rates systems (up to 100 Gbit/s) provided that sufficient bandwidth is available, in particular in contiguous spectrum blocks. International markets are being established and several administrations have now opened or are in the process of opening these bands for terrestrial fixed wireless applications.
Therefore it is important that appropriate international regulatory environment exists to foster these developments and address the emerging FWS requirements taking into account the requirements of other services in the bands above 71 GHz.
[bookmark: _Toc269125073]3/1.8/3	Summary of technical and operational studies and relevant ITU-R Recommendations
List of relevant ITU-R Recommendations and Reports: Recommendation ITU-R RA.1031; Reports ITU-R F.2107, F.[PASSIVE 71-81 GHz]
3/1.8/3.1	Characteristics and applications of fixed wireless systems
ITU-R has revised Report ITU-R F.2107 to extend the applicable frequency range up to 130 GHz. Report ITU-R F.2107 provides propagation aspects, system design parameters, possible applications and other technical/operational characteristics, which are required for the implementation of FWS in the frequency ranges 57 to 130 GHz. From these studies it can be established that there is an increasing move towards very wide band, high capacity FWS in bands above 71 GHz. There is already evidence of experimental radio systems in existence capable of data rates of over 10 Gbit/s using simple modulation over 17 GHz bandwidth in bands around 120 GHzbetween 116.5 GHz and 133.5 GHz. Applications of these radio systems amongst others include last mile applications including extension of fibre network. It should however be noted that the FWS described in the 120 GHz range are not covered by sufficient FS allocation in the radio regulations and have provisionally used spectrum allocated to passive services.
Therefore interest in these higher millimetre-wave bands appears to be the potential for even higher data rate transmissions provided that very wide bandwidths can be made available. In the wired world, standards already exist for 40 Gbit/s transmission, and 100 Gbit/s draft standards are in existence. To support and complement such data rates wirelessly, larger channel bandwidths than those currently available at the lower frequencies are likely to be required. Only at the higher millimetre-wavelengths can such bandwidths be made available.
3/1.8/3.2	Sharing studies between the fixed service and other co-primary services
The characteristics/deployment scenarios of FS systems and the technical characteristics of one high capacity FSS network filed in the 71-76 / 81-86 GHz bands were provided during the study period. However, no detailed sharing studies between FS and FSS have been undertaken to date. Future studies may be required.
ITU-R has initiated studies in band sharing and adjacent band compatibility between FS in the 71-76/81-86 GHz bands and radioastronomy in the 81-86 GHz, 76-77.5 GHz, 79-81 GHz and 86-92 GHz bands and EESS in the 86-92 GHz band.However, there were concerns expressed over the content of these technical studies. Therefore, further studies may be required in order to complete the current work. These studies are still ongoing in ITU-R.
[bookmark: _Toc269125074]3/1.8/4	Analysis of the results of studies
3/1.8/4.1	Characteristics, applications and future trends of fixed wireless systems
Very wide bandwidth high capacity FWS systems (>10 Gbit/s), which in their early lifecycle stage use basic modulation schemes, are expected to migrate to higher modulation schemes as the technology develops. This approach strikes a balance between the technical challenges in bands above 71 GHz and an early introduction of these systems, to foster future development and enhancement. To achieve such a balance between the technical challenges and to avoid regulatory hindrance to an early introduction of these systems, contiguous spectrum blocks of ≥ 10 GHz may be required to achieve very high capacity systems (possibly up to 100 Gbit/s). Such bandwidths are difficult to make available in lower bandsand currently do not exist in most parts of the spectrum between 71 and 238 GHz. Therefore, this requires further consideration on the most appropriate approach to achieve a suitable regulatory framework in bands above 71 GHz that will allow the introduction of very high capacity systems. It is recognized that the sharing amongst FWS and FWS with other services, especially active services, is generally easier due to highly directional antennas used by FWS and the propagation conditions in bands above 71 GHz. 
3/1.8/4.2	Sharing studies between the fixed service and other co-primary services
No sharing studies between the FS and other co-primary active services, such as FSS and BSS, were undertaken during the study cycle since both FSS and BSS were in the developmental stage and no commercial satellite system characteristics were available at the time.
It appears from the studies that the protection of the RAS from interference in bands adjacent to the FS operating in the bands 71-76 and 81-86 GHz is a national issue which does not require any additional regulatory provision in RR Article 5. 
The protection of radio astronomy stations operating in the band 81-86 GHz from interference from FS stations in the same band may require the establishment of exclusion or coordination area around a radio astronomy station, to be determined on a case-by-case basis taking into account specificities such as terrain elevation and additional clutter. Recommendation ITU-R RA.1031 may be used to calculate those distances. The same would apply for sharing in the bands 92-94 GHz, 94.1-95 GHz and 111.8-114.25 GHz. The regulatory provisions are already contained in RR No. 29.9 and no additional regulatory provisions are required.
3/1.8/4.3	Compatibility studies being carried out in the ITU-R
Some administrations believe that the protection of the EESS operating in the band 86-92 GHz from interference from unwanted emissions from FS stations operating in the adjacent band 81-86 GHz may be achieved by an unwanted emission power mask in the band 86-92 GHz starting with ‑41 dBW/100 MHz at 86 GHz and decaying to –55 dBW/100MHz at 87 GHz[footnoteRef:2]. Report ITU-R F.[FS/PASSIVE 71-81 GHz] contains the results of these studies and also describes some means to design and deploy FS in order to meet the adjacent band unwanted emission limits. Some administrations proposed to apply the same kind of mask (based on a “mirror approach”) for the protection of EESS(passive) in the band 86-92 GHz from interference from the FS in the band 92-95 GHz. Concerns were expressed over the restrictions imposed on the FS by the proposed masks. Further concerns were raised about these ITU-R studies for the unwanted emission mask for fixed services in the band 92-95 GHz.  [2: 	It could be noted that FS equipment have recently been standardised in the 81-86 GHz band in Europe and that already takes into account the above-mentioned emission power mask.] 

Some administrations believe that further work is needed to address the protection of EESS (passive) in the bands 109.5-111.8 GHz and 114.25-122.25 GHz.
[bookmark: _Toc269125075]3/1.8/5	Methods to satisfy the agenda item
3/1.8/5.1	Method A
Taking into account the following:
–	technological developments in the active services are still at an early product lifecycle or development stage;
–	some administrations have not opened the 70/80/90 GHz band for licensing yet;
–	spectrum reuse in the 70/80 GHz band is based on a “pencil beam” concept; i.e. there is very high angle discrimination between nearby links ensuring the isolation of signals from mutual interference.Hence, the primary source of interference for narrow-beam 70/80 GHz links would have to be from line-of-sight power directed into the main lobe or a side lobe of a victim receive antenna;
–	the use of low-level modulation in first generation 70/80 GHz transceivers has the advantage that less transmitter power is required for a desired level of performance. Consequently, less interference is likely to becreated to surrounding links and other terrestrialservices; and
–	other effects such as multipath and atmospheric stratification are not significant for operation in this band due to the extremely narrow beams in which the radiation propagates.
Therefore, under Method A it is considered that no change to the Radio Regulations is required at the current time. This method can be achieved through two different approaches (Approach A1 and Approach A2).
Approach A1 foresees maintaining Resolutions 731(WRC-2000) and 732(WRC-2000) asking for future studies.
Approach A2 proposes suppression of these Resolutions with, studies in these bands continuing under the usual ITU-R procedures and new Resolution(s) can be developed as necessary.
Under Method A, technical and operational considerations related to FS between 71‑238 GHz would continue to be addressed in ITU-R Reports and Recommendations as appropriate. Regulatory action can then be taken based on these ITU-R documents by a future World Radiocommunication Conference as appropriate.
Approach A1 advantages
–	Allows administrations to facilitate implementation of FS systems between 71-238 GHz.
–	Allows administrations more time to continue studies in these bands as technology develops and as more information becomes available.
–	Avoids making regulatory provisions that are based on limited knowledge and information.
Approach A1 disadvantages
–	It may be difficult to ensure the protection of EESS from unregulatedFSunwanted emissions.
–	After WRC-12, if FS deployment becomes mature with a high number of FS links, it will become very difficult if not impossible to impose any new regulation, if necessary.
–	In case interference occurs to EESS sensors, there will be very low technical and regulatory possibilities to solve these problems.
–	Would not provide in the longterm a clear regulatory situation for both the FS and EESS to secure their future developments in these bands.
Approach A2 advantages
–	Same as A1 above.
Approach A2 disadvantages
–	Suppression of regulatory placeholder regarding the future requirements for the studies referred to in Resolutions 731 and 732 (WRC-2000). For Approach A2 see Section 3/1.8/6.2.
–	It may be difficult to ensure the protection of EESS from unregulatedFSunwanted emissions.
–	After WRC-12, if FS deployment becomes mature with a high number of FS links, it will become very difficult if not impossible to impose any new regulation, if necessary.
–	In case interference occurs to EESS sensors, there will be a very low technical and regulatory possibilities to solve these problems.
–	Would not provide in the longterm a clear regulatory situation for both the FS and EESS to secure their future developments in these bands.
3/1.8/5.2	Method B
Taking into account the following:
–	EESS sensors in the 86-92 GHz band are already in operation and deployment of FS in the 81-86 GHz band and probably the 92-94 GHz band is at an early stage worldwide; therefore WRC-12 will be the relevant timing to setup a regulation ensuring compatibility between the two services.
–	Leaving administrations opening the 80 and 90 GHz bands without a clear picture of the necessary compatibility conditions could lead to a potential future risk on 86-92 GHz passive band. Indeed, when FS deployment is mature, it will become very difficult if not impossible to impose any new regulation.
–	Last technical studies in ITU-R have shown that the currently considered emission mask is relevant to the protection of EESS.
–	This mask has been confirmed, even by the FS industry, as not binding the FS operations.
Under this method, no change in the Radio Regulations is required for the protection of the radio astronomy in the bands 76-77.5 GHz and 79-92 GHz. However, forthe protection of the EESS in the band 86-92 GHz, unwanted emissions power masks are added in RR Article 5 to introduce limitations on unwanted emission of the FS through footnotes attached to the adjacent band FS allocations in the bands 81-86 GHz and 92‑95 GHz. This method can be achieved through two different approaches (Approaches B1 and B2). Approach B1 would apply a mandatory unwanted emission mask; Approach B2 would apply a recommended unwanted emission mask.
Approach B1
Approach B1 would apply a mandatory unwanted emission mask to the FS in the bands 81-86 GHz and 92-95 GHz. 
Approach B1 advantages
–	Provides protection from harmful interference to the EESS allocated and used in the band 86-92 GHz for observations essential for climate and meteorology.
–	Clear coexistence conditions would benefit boththe FS industryand the EESS operatorsto secure their futuredevelopments in these bands their equipment.
–	Is already inforce in one Region under a common understanding between FS and EESS communities.
Approach B1 disadvantages
–	The studies for the proposed unwanted emission mask for the 81-86 GHz may not apply to all administrations. Further studies are required.
–	No sStudies have onlybeencarriedrecently been initiated outin ITU-R with respect to unwanted emission mask for the band 92-95 GHz band.
–	Introduces limitations on FS which may limit future technologies/flexibility particularly at this early stage of evolving FS technology.
Approach B2
Approach B2 would apply a recommended unwanted emission mask to the FS in the bands 81-86 GHz and 92-95 GHz.
Approach B2 advantages
–	Only Iif all administrations comply with, the recommended unwanted emission mask, this approach mayprovides protection from harmful interference to the EESS allocated and used in the band 86-92 GHz for observations essential for climate and meteorology.
–	The recommended unwanted emission mask may not impose undue constraint on the FS.
Approach B2 disadvantages
–	Interference may be experienced by EESS sensors from administrations which have decided not to implement this unwanted emission mask. AsSincethe results of measurements performed by such sensors are used in meteorological models which required measurements to be performed worldwide, this may jeopardize the whole meteorological model.
–	The studies for the proposed unwanted emission mask for the 81-86 GHz may not apply to all administrations. Further studies are required.No studies with respect to unwanted emission mask have been carried out in ITU-R for the band 92-95 GHzband.
–	May introduce constrains on FS which may limit future technologies/flexibility particularly at this early stage of evolving FS technology.
[bookmark: _Toc269125076]3/1.8/6	Regulatory and procedural considerations
3/1.8/6.1	Method A - Approach A1
No change (NOC) to the Radio Regulations. As studies still need to be completed under Resolutions 731 and 732 (WRC-2000), these Resolutions should be retained.
NOC
Resolution 731 (WRC-2000)
NOC
Resolution 732 (WRC-2000)
3/1.8/6.2	Method A - Approach A2
No change (NOC) to the Articles of Radio Regulations. Studies can continue within ITU-R and new Resolution(s) can be developed as necessary.
SUP
RESOLUTION  731  (WRC-2000)
Consideration by a future competent world radiocommunication conference of issues dealing with sharing and adjacent-band compatibility between
passive and active services above 71 GHz
SUP
RESOLUTION  732  (WRC-2000)
Consideration by a future competent world radiocommunication
conference of issues dealing with sharing between 
active services above 71 GHz
[bookmark: _Toc266996569][bookmark: _Toc267472642][bookmark: _Toc268030595][bookmark: _Toc268030763]3/1.8/6.3	Method B - Approach B1
ARTICLE  5
Frequency allocations
Section IV – Table of Frequency Allocations
(See No. 2.1)
MOD
81-86 GHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	81-84			FIXED ADD 5.A108
				FIXED-SATELLITE (Earth-to-space)
				MOBILE
				MOBILE-SATELLITE (Earth-to-space)
				RADIO ASTRONOMY
				Space research (space-to-Earth) 
				5.149  5.561A

	84-86			FIXEDADD 5.A108
				FIXED-SATELLITE (Earth-to-space)  5.561B
				MOBILE
				RADIO ASTRONOMY
				5.149


ADD
5.A108	Stations in the fixed service shall not exceed the following unwanted emission power limits at the antenna port, where f is the centre frequency of the 100 MHz Earth exploration-satellite service reference bandwidth expressed in GHz:
	–41 – 14(f-86)	dBW/100 MHz 	in the band 86.05-87 GHz;
	–55	dBW/100 MHz	in the band 87-91.95 GHz.

MOD
86-111.8 GHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	...

	92-94			FIXEDADD 5.B108
				MOBILE
				RADIO ASTRONOMY
				RADIOLOCATION
				5.149

	94-94.1		EARTH EXPLORATION-SATELLITE (active)
				RADIOLOCATION
				SPACE RESEARCH (active)
				Radio astronomy
				5.5625.562A

	94.1-95		FIXEDADD 5.B108
				MOBILE
				RADIO ASTRONOMY
				RADIOLOCATION
				5.149

	…


ADD
5.B108	Stations in the fixed service shall not exceed the following unwanted emission power limits at the antenna port, where f is the centre frequency of the 100 MHz Earth exploration-satellite service reference bandwidth expressed in GHz:
	–41 – 14(92-f)	dBW/100 MHz 	in the band 91-91.95 GHz;
	–55	dBW/100 MHz	in the band 86.05-91 GHz.
[bookmark: _Toc266996570][bookmark: _Toc267472643][bookmark: _Toc268030596][bookmark: _Toc268030764]3/1.8/6.4	Method B - Approach B2
ARTICLE  5
Frequency allocations
Section IV – Table of Frequency Allocations
(See No. 2.1)
MOD
81-86 GHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	81-84			FIXED ADD 5.C108
				FIXED-SATELLITE (Earth-to-space)
				MOBILE
				MOBILE-SATELLITE (Earth-to-space)
				RADIO ASTRONOMY
				Space research (space-to-Earth) 
				5.149  5.561A

	84-86			FIXED ADD 5.C108
				FIXED-SATELLITE (Earth-to-space)  5.561B
				MOBILE
				RADIO ASTRONOMY
				5.149


ADD
5.C108	Administrations are encouraged to take all reasonable steps to comply with the following fixed service unwanted emission power limits at the antenna port, where f is the centre frequency of the 100 MHz Earth exploration-satellite service reference bandwidth expressed in GHz:
	–41 – 14(f-86)	dBW/100 MHz 	in the band 86.05-87 GHz;
	–55	dBW/100 MHz	in the band 87-91.95 GHz.


MOD
86-111.8 GHz
	Allocation to services

	Region 1
	Region 2
	Region 3

	...

	92-94			FIXED ADD 5.D108
				MOBILE
				RADIO ASTRONOMY
				RADIOLOCATION
				5.149

	94-94.1		EARTH EXPLORATION-SATELLITE (active)
				RADIOLOCATION
				SPACE RESEARCH (active)
				Radio astronomy
				5.5625.562A

	94.1-95		FIXEDADD 5.D108
				MOBILE
				RADIO ASTRONOMY
				RADIOLOCATION
				5.149

	…


ADD
5.D108	Administrations are encouraged to take all reasonable steps to comply with the following fixed service unwanted emission power limits at the antenna port, where f is the centre frequency of the 100 MHz Earth Exploration-satellite service reference bandwidth expressed in GHz:
	–41 – 14(92-f)	dBW/100 MHz 	in the band 91-91.95 GHz;
	–55	dBW/100 MHz	in the band 86.05-91 GHz.
Modifications of Resolution 731 (WRC-2000) and Resolution 732 (WRC-2000) may be considered.
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