Attachment 6

Draft CEPT Brief on Agenda Item 1.6
1.6:
 to review No. 5.565 of the Radio Regulations in order to update the spectrum use by the passive services between 275 GHz and 3 000 GHz, in accordance with Resolution 950 (Rev.WRC‑07), and to consider possible procedures for free-space optical-links, taking into account the results of ITU‑R studies, in accordance with Resolution 955 (WRC‑07);
Issue

The general field of agenda item 1.6 is to consider frequency bands above 275 GHz, noting that they are not allocated in the RR Article 5 Table of Frequency allocations.
Specifically, it consists of two distinct issues :

1) Passive services (i.e. Earth Exploration Satellite, Radioastronomy and Space Research services) between 275 and 3000 GHz for which Resolution 950 (Rev.WRC‑07) calls for studies with a view of updating passive services use in this frequency range and consistently review No. 5.565 of the Radio Regulations
2) Free-space optical-links above 3000 GHz for which Resolution 955 (WRC‑07) asks to consider possible procedures if allocations to various services in the Radio Regulations above 3 000 GHz are considered feasible
Preliminary CEPT position

1. CEPT supports the review of No. 5.565 considering in particular new technological advancements and planned applications for passive services (EESS, RAS and Space Research) to allow early assessment of scientific and meteorological next generation equipments.
CEPT is of the view that such review should not lead to monopolising spectrum for passive services and, considering in particular attenuation conditions related to the 275-3000 GHz frequency range :
CEPT recognizes that an identification of possible use of certain bands for passive services should not automatically preclude future consideration of these bands for active services. 
However, CEPT is also of the view that the identification of bands for passive service should not be conditioned by identification for use by other services. 
To this respect, CEPT supports on-going work within WP 7C and 7D on detailed definition of passive services requirements. 

CEPT believes that, considering specificities of different passive services/applications under consideration and the need to consider detailed requirements, this agenda item should lead to a revision of N° 5.565 that would refer to 3 different Resolutions, respectively addressing EESS, Radioastronomy and Aeronomy. In particular, the case of aeronomy applications that is not obviously falling within a radio service would have to be specifically studied.
2.
CEPT will consider any proposal for regulations for terrestrial free-space optical links, noting that such regulations should not constrain satellite optical applications. CEPT considers that for such satellite optical applications, neither regulations nor procedures are necessary
Background

With regards the 275-3000 GHz range and as an outcome of WRC-03, the preliminary agenda for WRC-2011 was including a possible agenda item to consider frequency allocations between 275 and 3000 GHz. WRC-07 considered that the lack of use of bands above 275 GHz by active services would have made premature any general consideration of frequency allocations between 275 and 3000 GHz but that, on the other hand, there was an obvious need to consider the use of this frequency range by passive services. 

Indeed, some new technological advancements have enabled the implementation of passive measurements in the range 275- 3000 GHz of chemical and physical parameters of high interest of climatological and meteorological purposes and the whole scientific community is currently performing detailed studies to determine the adequate frequency bands above 275 GHz to be used by radio astronomy, Earth exploration-satellite service (EESS) and Space Research Service and related sensors characteristics as well as performance and protection criteria. 
WRC-07 recognised that an early assessment of bands of interest above 275 GHz could help the scientific and meteorological communities to prepare next generation passive sensors and instruments and hence agreed to consider at WRC-11 a review of RR No. 5.565 :

5.565
  The frequency band 275-1 000 GHz may be used by administrations for experimentation with, and development of, various active and passive services. In this band a need has been identified for the following spectral line measurements for passive services:


–
radio astronomy service: 275-323 GHz, 327-371 GHz, 388-424 GHz, 426-442 GHz, 453-510 GHz, 623-711 GHz, 795-909 GHz and 926-945 GHz;


–
Earth exploration-satellite service (passive) and space research service (passive): 275-277 GHz, 294-306 GHz, 316-334 GHz, 342-349 GHz, 363-365 GHz, 371-389 GHz, 416-434 GHz, 442-444  GHz, 496-506 GHz, 546-568 GHz, 624-629 GHz, 634-654 GHz, 659-661 GHz, 684-692 GHz, 730-732 GHz, 851-853 GHz and 951-956 GHz.

Future research in this largely unexplored spectral region may yield additional spectral lines and continuum bands of interest to the passive services. Administrations are urged to take all practicable steps to protect these passive services from harmful interference until the date when the allocation Table is established in the above-mentioned frequency band.     (WRC‑2000)
In any case, should any allocations of spectrum be considered in the future, reasonable steps would have to be taken in order to ensure that appropriate studies between different services would have to be made. The consideration of optical-links above 3000 GHz in WRC-11 agenda builds upon previous work within ITU-R that led to the adoption of a number Recommendations and Resolution 118 (Marrakesh, 2002) of the Plenipotentiary Conference. Indeed, provision 1005 of the Annex of the ITU Convention limits the “radiocommunications” considered in the RR at frequencies below 3000 GHz and, to this respect, Resolution 118 (Marrakesh, 2002) instructs the Director of the BR to report to world radiocommunication conferences on the progress of ITU‑R studies concerning the use of frequencies above 3 000 GHz and resolves that such issues can be now considered by WRC’s. Despite lack of evidence of a need for any regulations related to these optical-links nor large consensus during WRC-07, a compromise was found to study this issue not only considering fixed optical links but all types of applications that are currently using or planning to use these optical  frequencies. 

Summary of technical and operational studies and relevant ITU-R Recommendations
· EESS

March/April 2008 WP7C has developed a working document (7C/TEMP/10) providing initial guidelines and information.

At first, WP7C considered the need to ensure coordination among all potential users stressing in particular some of the important international bodies that could be consulted (SFCG, IEEE-IGARSS and ITWG) and proposed the following guidelines :

1
For each frequency band the specific spectral line(s) and reference windows should be identified (atmospheric component and spectral line frequency or central frequency for reference windows). 
2
The required bandwidth should be minimized and technically consistent with the required resolution of the measurement.
3
In case of atmospheric components that can be measured at different frequencies, technical/scientific reasons justifying each of the options should be given.

Subsequently, based on a detailed work performed within the Space-Frequency Coordination Group (SFCG) on the basis of inputs from number of space agencies, October 08 WP7C agreed on a Preliminary Draft New Report (Annex 5 to 7C/66) on “passive bands of interest to EESS from 275 GHz to 3000 GHz”. Although preliminary and recognised as requiring further work, it was agreed that this document represents a quite mature status for the range 275 GHz to 1 THz and that the current list of frequency bands of interest in that range is likely to be up-to-date, considering in particular passive remote sensing systems that either use or plan to use frequency bands in this frequency range, such as MLS, MASTER,  MWI GEM, GOMAS, CLOUDS, ODIN, SOPRANO or SMILES.
This report also develops on the two primary EESS measurement “classes”, namely meteorology/climatology and atmospheric chemistry and provides relevant explanation information on specific requirement related to meteorology/climatology for “wings” and “windows” concepts.

Concerning the frequency bands, it is agreed that further work will be required for bands above 1000 GHz for chemistry applications, since it is already agreed that water vapour and oxygen resonance lines above 1 000 GHz are not expected to be of interest for meteorological/climatological investigations.
For bands between 275 and 1000 GHz, this report makes a specific point on the cloud ice and water vapour measurements that are both not sufficiently measured currently, although being two components of the hydrological cycle in the upper troposphere which is the most important subsystem of the climate system for life on the planet and its understanding is of the utmost importance. Current frequency bands considered in the 275-3000 GHz range are given in Annex 1.

Annex 2 also addresses ground and balloon based remote sensing (aeronomy) although currently poorly documented and more than likely requiring additional work. 
· Radioastronomy

The understanding of molecules states requires the detection of multiple line transitions that are very numerous at frequencies above 275 GHz. It can be stressed that known molecular transitions observed in the atmospheric windows between 275 and 3000 GHz already produces a list of 2441 molecular transitions for more than 220 molecules. As such, and noting further that this list will be evolving with time with developments of processes understanding or sensitivity improvements, it appears impossible to identify bands for each of these molecular transitions or to shorten the complete list of molecules to those most important.
In addition, Doppler shift and in particular so-called redshift (i.e. Doppler downward shift due to the recessional velocity of distant galaxies) plays and will play an increasing role in molecular studies since current and future studies with new generation instruments such as APEX and ALMA will concentrate on extragalactic studies of powerful high redshift galaxies and quasars.
In Europe, it is expected that only the “Plateau de Bure” and “Pico Vileta” radio astronomy sites could support such measurements but important European interests on most of future generation instruments/stations, even located outside Europe such as the Atacama Large Millimeter/submillimeter Array (ALMA) in Chile are to be stressed.

October 08 WP7D further studied the issue and made a separate analysis within the different frequency ranges : 

1) it does not appear opportune to identify individual molecular transitions within the known atmospheric bands for radio astronomy and aeronomy studies for which the access to the whole frequency range 275-1000 GHz is important.

On the other hand, it should be considered that, due to atmospheric conditions, the Earth atmosphere prevents doing Radio Astronomy observations in the frequency range 275 – 3000 GHz except at a small number of high mountain plateaus, hence allowing for a limited required geographical coordination for few sites worldwide, further noting that at these frequencies, the propagation conditions will allow for only operational restrictions in the immediate vicinity of these high observing stations where the population density will also be low.
2) For bands between 1 and 3 THz, WP7D developed a working document towards a PDNR considering the high level of atmospheric attenuation experienced at these frequencies and that currently provide the following elements :

-
suggesting the 1000-1060 GHz, 1 250-1 320 GHz, 1 325-1 385 GHz, 1 445-1 540 GHz, 1 545-1 570 GHz and 1 975-2 000 GHz as minimum bands to be identified for ground based radio astronomy

-
due to excessive atmospheric attenuation even at high and dry ground-based astronomical observing sites, the use of bands above 2 000 GHz for radio astronomy is limited to balloon- and space-based applications.
Finally, the case of aeronomy applications would have to be specifically studied. Indeed, it does not obviously fall within a radio service, although the definition of EESS (1.51) may encompasses such applications and differs from Radioastronomy in that it focuses on terrestrial atmosphere studies from the ground and make use of different types of instruments.
· Optical links above 3000 GHz

No specific elements toward requirement of any allocations to free-space optical links have been currently put forward.
The only elements come from the EESS, Radioastronomy and Space Research communities insisting on their current use of related bands (either for transmissions or observations) and that such use will have to be safeguarded and not constrained should any regulation to various services in the Radio Regulations above 3 000 GHz be considered. CEPT considers that for space applications, neither regulations nor procedures are necessary for free-space optical links Corresponding Liaison Statement have been sent from WP7B and 7C to WP 1A in charge of this issue.
Analysis of the results of studies
October 08 WP7C and WP7D jointly developed a draft CPM Text on this agenda item (Annex 8 of Document 7C/66) that currently only addresses the background section and a general structural outline and leave it to the future meeting to develop further on the analysis of the studies.

One can also note that WP 7C and 7D sent a liaison statement to WP 1A (in charge of finalising the CPM text on agenda item 1.6) providing relevant reference of relevant documents and that, in particular, states that due to the fact that the atmosphere is fairly opaque with respect to microwave emissions in the 275 to 1 000 GHz range and is nearly impenetrable with respect to the 1 000 to 3 000 GHz (exceeding hundreds of dBs per kilometre), sharing between the passive scientific uses of the 275 to 3 000 GHz frequency range and terrestrial transmitters should be feasible, especially in the 1 000 to 3 000 GHz range.
List of relevant documents

7C/TEMP/10 (working document on 275-3000 GHz bands)
PTB(08)22 (EUMETSAT – Planned bands above 275 GHz)

PTB(08)26 (CRAF Radio Astronomy and Aeronomy in the bands 275 -3000 GHz)

7C/TEMP/12 – Liaison Statement to WP1A on optical links
7B/TEMP/7 – Liaison Statement to WP1A on optical links

Document 1A/76 – Liaison statement from WP 7C and 7D
Annex 5 to Document 7C/66 (Report 7C - Passive bands of interest to EESS from 275 to 3 000 GHz)

Annex 8 to Document 7C/66 (Report 7C - Draft CPM Text on agenda item 1.6)

Annex 3 to Document 7D/59 (Report 7D - Preferred frequency bands for radio astronomical 
measurements in the range 1-3 THz)

Actions to be taken

· To continue supporting coordination of scientific community in determining relevant frequency bands for EESS applications between 275 and 3000 GHz

· To consider and study elements from CRAF to indicate the need for protection of certain frequency bands at specific locations, noting that observations may be done over the full  275-3000 GHz range and propose possible related regulatory solutions 

· To study possible proposals for regulations for terrestrial free space optical links
· To consider possible CEPT contributions to relevant ITU-R Working Parties (7B, 7C, 7D and 1A) and in particular, in due time for February 2009 7C and 7D meetings, :
· To propose a new ITU-R question on aeronomy

· To propose a CPM Text revision to include the preferred CEPT option for the “methods to satisfy the agenda” (1 simple footnote 5.565 + 3 resolutions)

Relevant information from outside CEPT
European Union
Regional telecommunication organisations

APT (date of proposal)

ATU (date of proposal)

Arab Group (date of proposal)

CITEL (September 08)

Canada:

Canada is of the view that the proposed revisions to No. 5.565 should not claim the whole spectrum between 275 GHz to 3 000 GHz for passive services, but rather list a set of best frequency bands in terms of importance and relevance for use by passive services.
Resolution 955: no position 
RCC (date of proposal)

International organisations

[ITU (date of proposal)]

[ICAO (date of proposal)]

[IMO (date of proposal)]

[NATO (date of proposal)]

SFCG (September 08)

Resolution 950 (WRC-07) : SFCG supports the revision of RR No. 5.565 to include all appropriate frequency bands within the range 275 to 3000 GHz to be used by systems belonging to the Earth exploration-satellite (passive), space research (passive) and radio astronomy services in order to protect these bands for scientific applications now and in the future.  SFCG also supports inclusion of details in the MIFR on any systems of the science services that use these frequency bands and encourages member agencies to submit such information to the ITU-R Radiocommunication Bureau.
Resolution 955 (WRC-07) SFCG supports the protection of existing space science service use of satellite optical links and does not want any undue constraints applied to their use.  Any technical constraints that are applied to terrestrial optical links should not be applied to satellite optical links unless and until tests or analyses show the need for such constraints. Terrestrially-based Earth-to-space optical links could cause at least temporary interference to certain EESS instruments.  Vertically, or near vertically-pointing optical links such as from ground to the top of tall buildings may need studying to ensure that no significant interference to satellites is caused.
WMO (July 08)

WMO confirms the high interest and importance of such bands above 275 GHz for meteorology, climatology and environmental activities and supports such review and update of spectrum use by EESS or aeronomy to allow early assessment of meteorological next generation equipments.

Regional organisations

[ESA (November 08)]

Consistent with SFCG position

EUMETNET (September 08)

Consistent with WMO position
[Eurocontrol (date of proposal)]

[Other relevant information]

Annex 1

Consolidated table of passive bands of interest for EESS

	Frequency band(s) (GHz)
	N° 5.565
	Total Bandwidth required (MHz)
	Spectral line(s) (GHz)
	Measurement
	Typical Scan Mode
	Existing or planned Instrument(s)
	Supporting information

	
	
	
	
	Meteorology – Climatology



	Window
	Chemistry
	
	
	

	275 – 285.4
	275-277
	10400
	276.33 (N2O), 278.6 (ClO), ??(NO)
	 
	276.4-285.4
	N2O, ClO, NO
	Limb
	 
	Chemistry (275 - 279.6), Window (276.4 - 285.4)

	296 – 306
	294-306
	10000
	Window for 325.1, 298.5 (HNO3), 300.22 (HOCl), 301.44 (N2O), 303.57 (O3), 305.2 (HNO3), 304.5 (O17O), ??(NO)
	OXYGEN
	296-306
	OXYGEN, N2O, O3 , O17O, HNO3, HOCl 
	Nadir, Limb
	MASTER
	Window (296-306 GHz), Chemistry (298 - 306)

	312.65 – 355.6
	316-334, 342-349
	42950
	[318.8,  345.8,  344.5] (HNO3), 313.8 (HDO), [321.15, 325.15] (H2O), [321, 345.5, 352.3, 352.6, 352.8] (O3), [322.8, 343.4] (HOCl),  345.8 (CO), [345.0, 345.4] (CH3Cl), 345.0 (O18O), 354.5 (HCN), 349.4 (CH3CN), [315.8, 346.9, 344.5, 352.9] (ClO), 351.67 (N2O), 346 (BrO), 343.8, 344.4
	WATER, CLOUD, OXYGEN
	339.5-348.5
	H2O, CH3Cl, HDO, ClO, O3 , HNO3, HOCl, CO, O18O, HCN, CH3CN, N2O, BrO
	Nadir, Conical, Limb
	PREMIER, CIWSIR, MASTER, Post-EPS, GOMAS, GEM
	Water vapour line at 325.15 (BW: 3 GHz, max. offset: 9.5 GHz), CIWSIR Water line (314.15 - 336.15), MASTER Chemistry (321 - 326), Cloud Measurements [312.65 – 318.65, 331.65 – 337.65, 314.14 - 348, 339 - 348, 314.14 - 317.15, 320.45 - 324.45, 325.85 - 329.85, 333.15 - 336.15, 336 - 344, 339 - 348], Window (339.5 - 348.5), GEM/MASTER Chemistry (342 - 346), PREMIER Chemistry [343.6 - 355.6, 313.5 - 325.5]

	361 - 365
	363-365
	4000
	364.32 (O3)
	WATER
	 
	O3
	Nadir, Limb
	GOMAS
	GOMAS Water vapour (361 - 363), Chemistry (363 - 365)

	369.2 - 391.2
	371-389
	22000
	380.2 (H2O)
	WATER 
	 
	 
	Nadir, Limb
	GEM, GOMAS
	Water vapour line (369.2 - 391.2, BW: 3 GHz, max. offset: 9.5 GHz), GEM/GOMAS Water vapour sounding (379 - 381), Water vapour profiling (371-389)

	397-399
	 
	2000
	 
	WATER
	 
	 
	 
	GOMAS
	 

	409 – 411
	 
	2000
	 
	Temperature sounding
	 
	 
	Limb
	 
	 

	416 – 433.46
	416-434
	17160
	424.7 (O2)
	OXYGEN, Temperature profiling
	 
	 
	Nadir, Limb
	GEM, GOMAS
	Oxygen line (416.06 - 433.46, BW: 3 GHz, max. offset: 7.2 GHz), GEM/GOMAS Oxygen (416 - 433)

	437.8 - 466.3
	424-444
	28500
	[443.1, 448] (H2O), 443.2 (O3), 442 (HNO3), 442.99 (??), ??(N2O), ??(CO)
	WATER , CLOUD
	458.5-466.3
	O3, HNO3, N2O, CO
	Nadir, Limb, Conical
	Post-EPS, CIWSIR, CLOUDS
	Water line (439.3 - 456.7, BW: 3 GHz, max. offset: 7.2 GHz), Cloud measurements [437.8 – 443.8, 452.2 – 458.2, 439.3 - 442.3, 444 - 447.2, 448.8 - 452, 453.7 - 456.7, 459 - 466], Chemistry (442 - 444), Window (458.5 - 466.3)

	477.75 - 496.75
	 
	19000
	487.25 (O2)
	OXYGEN
	 
	 
	Limb
	ODIN
	Oxygen line (477.75 - 496.75, BW: 3 GHz, max. offset: 8 GHz), ODIN Oxygen (486 - 489)

	497 – 502
	496-506
	5000
	497.9 (N218O), [497.6, 497.9] (BrO), 498.6 (O3), 498.1 (??), 498.2 (??), 498.3 (??), 498.4 (??), 498.5 (??), ??(ClO)
	WATER
	498-502
	O3, CH3Cl, N218O, BrO, ClO
	Limb, Nadir
	SOPRANO, MASTER, ODIN
	Chemistry SOPRANO/ODIN/MASTER (497 - 499), Water window (498 - 502)

	523 – 527
	 
	4000
	Window for 556.9
	WATER
	523-527
	 
	Nadir
	 
	 

	538 – 581
	546-568
	43000
	[541.26, 542.35, 550.90, 556.98] (HNO3), 556.93 (H2O), [544.99, 566.29, 571.0] (O3), 575.4 (ClO)
	WATER
	538-542
	 HNO3, O3, ClO
	Nadir, Limb
	ODIN
	Water window (538 - 542), Chemistry (541 - 558), ODIN water vapour profiling (546 - 568), ODIN water vapour sounding (552 - 562), ODIN Chemistry (563 - 581)

	611.7 - 629.7
	624-629
	18000
	620.7 (H2O), 624.27 (ClO2), [624.34, 624.89, 625.84, 626.17] (SO2), [624.48, 624.78] (HNO3), 624.77 (81BrO), 624.8 (CH3CN), 625.04 (H2O2),  625.37 (O3), 624.98 (H37Cl), 625.92 (H35Cl), 627.18 (CH3Cl), 627.77 (O18O), [625.07, 628.46] (HOCl), 625.66 (HO2)
	WATER, OXYGEN
	 
	OXYGEN, ClO2, SO2, BrO, O3, H35Cl, CH3Cl, O18O, HOCl, HO2, HNO3, CH3CN, H2O2
	Limb
	MLS, SMILES, SOPRANO
	Water line (611.7 - 629.7, BW: 3 GHz, max. offset: 7.5 GHz), MLS/SMILES/SOPRANO Chemistry (624 - 629)

	634 – 654
	634-654
	19000
	635.87 (HOCl), 647.1 (H218O), 649.45 (ClO), 649.24 (SO2), 649.7 (HO2), 650.18 (81BrO), 650.28 (HNO3), 650.73 (O3), 651.77 (NO), 652.83 (N2O), 
	WATER
	634.8-651
	H218O, HOCl, ClO, HO2, BrO, HNO3, O3, NO, N2O, SO2
	Limb, Nadir
	MLS, SMILES
	MLS/SMILES Chemistry (634 - 654), Window (634.8 - 651)

	656 - 692
	659-661, 684-692
	36000
	658 (H2O), 660.49 (HO2), 688.5 (CH3Cl), 691.47 (CO), 687.7  (ClO)
	WATER, CLOUD
	676.5-689.5
	HO2, ClO, CO, CH3Cl 
	Limb, Nadir, Conical
	CIWSIR, Post-EPS, CLOUDS, MLS
	Water line (669.7 - 676.5), Window (658.3 - 669.7), Cloud Measurements [656.8 – 662.8, 665.2 – 671.2, 658.3 - 661.3, 666.7 - 669.7, 677 - 692], MLS Chemistry (659 - 661), Window (676.5 - 689.5), CLOUDS Chemistry (677 - 692)

	713.4 - 717.4
	 
	4000
	715.4 (O2)
	OXYGEN, 
	 
	 
	Limb
	 
	 

	730 – 732
	730-732
	2000
	731 (HNO3), 731.18 (O18O)
	OXYGEN
	 
	O18O, HNO3
	Limb
	 
	 

	750 - 754
	 
	4000
	752 (H2O)
	WATER 
	 
	 
	Limb
	 
	 

	771.8 - 775.8
	 
	4000
	773.8 (O2)
	OXYGEN
	 
	 
	Limb
	 
	 

	823.15 - 845.15
	 
	22000
	834.15 (O2)
	OXYGEN
	 
	 
	 
	 
	Oxygen line (823.15 - 845.15, BW: 3 GHz, max. offset: 9.5 GHz)

	851 – 853
	851-853
	2000
	852 (NO)
	 
	 
	NO
	Limb
	 
	 

	857.9 - 861.9
	 
	4000
	859.9 (H2O)
	WATER 
	 
	 
	Limb
	 
	 

	866 - 882
	 
	15400
	 
	CLOUD, WINDOW
	 
	 
	Conical
	CLOUDS
	Cloud Measurements  [866.5 - 869.5, 868 - 881, 878.5 - 881.5], Window (866.9 - 881.9)

	905.17 - 927.17
	 
	22000
	916.17 (H2O)
	WATER 
	 
	 
	 
	 
	 

	951 – 956
	951-956
	5000
	952 (NO), 955 (O18O)
	OXYGEN
	 
	O18O, NO
	Limb
	SOPRANO
	 

	968.31 - 972.31
	 
	4000
	970.3 (H2O)
	WATER 
	 
	 
	Limb
	 
	 

	985.9 - 989.9
	 
	4000
	987.9 (H2O)
	WATER 
	 
	 
	Limb
	 
	 

	1832 – 1840
	
	8000
	1834.75 (OH), 

1837.82 (OH)
	Hydroxyl
	
	OH
	Limb
	
	

	2500 – 2540
	
	40 000
	2502.32 (OH), 

2509.95 (OH), 

2514.32 (OH)
	Hydroxyl
	
	OH
	Limb
	MLS
	


Annex 2

Consolidated table of passive bands of interest for terrestrial sensors

	Frequency band(s) (GHz)
	Total Bandwidth required (MHz)
	Spectral line(s) (GHz)
	Platform

	275 – 294
	21 000
	275.0: NO2

275.2: SO2

276.3: N2O

278.6: ClO

281.8: HNO3

293.5: O3
	Ground

	624-629
	5 000
	624.3: SO2

624.8: BrO

625.9-625.94: HCl

626.7: O3

627.1: H2O2

627.8: O2

628.5: HOCl
	Balloon

	649-653
	4 000
	649.5: ClO

649.7: HO2

650.3: HNO3

650.7: O3

651.8: NO

652.8: N2O
	Balloon

	2 500-2 600
	100 000
	2502.3: O2

2504.7: CO

2509.6:O3

2510.0: OH

2510.7: NO

2514.3: OH

2516.9: CO

2518.1: O3

2523.5: O3

2526.4: O2

2528.2: CO

2529.3: HDO
	Balloon



