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Working Party 1

APT VIEW AND PRELIMINARY APT COMMON PROPOSAL ON WRC-19 DOCUMENT 550

Studies on WRC-19 Document 550:
[bookmark: _Hlk126575350]The following text set out in the Annex to WRC-19 Document 550 was approved and included in the minutes of the meeting as a decision of the conference (WRC-19 Document 573)
Verification of No. 21.5 for the notification of IMT stations operating in the frequency band 24.45-27.5 GHz which use an antenna
that consists of an array of active elements
ITU‑R is invited to study, as a matter of urgency, the applicability of the limit specified in No. 21.5 of the Radio Regulations to IMT stations, that use an antenna that consists of an array of active elements, with a view to recommend ways for its possible replacement or revision for such stations, as well as any necessary updates to Table 21-2 related to terrestrial and space services sharing frequency bands.
Furthermore, the ITU-R is invited to study, as a matter of urgency, verification of No. 21.5 regarding the notification of IMT stations that use an antenna that consists of an array of active elements, as appropriate. (Responsible Group: WP 5D)

1.	Background
At WRC-19, two contributions (WRC-19 Documents 12!A13, 128) in relation to RR No. 21.5 were submitted. This topic was extensively discussed under WRC-19 agenda item 1.13 and the results of discussions were included in WRC-19 Document 550. The text set out in the annex to the Document 550 was approved as a decision of the conference and included in the minutes of twelfth plenary meeting (WRC-19 Document 573).
This outcome of WRC-19 on RR No. 21.5 was brought to the attention of CPM23-1 that requests study be performed in ITU-R. This does not specifically request action or reporting to WRC-23 so is not included in the topics under WRC-23 agenda item 9.1 in Annex 7 to CA/251. However, ITU-R WP 5D, as the responsible group, is invited to carry out the requested study as a matter of urgency and to report the results of the study to the Director of the Radiocommunication Bureau to be considered as the Director deems appropriate.
The topic of RR No. 21.5 had been extensively discussed in this study cycle in WP 5D. At the 37th WP 5D meeting, the Note from the Chairmen of Study Group 4 and 5 in Document 5D/407 was considered as the guidance of its future work. At its 44th meeting, WP 5D finalized the final note to the Director of the Radiocommunication Bureau. The final note is a very short version which indicates no consensus was reached on several aspects and approaches regarding the studies called for in WRC-19 Document 550 and refers to the Annex 4.5 to the WP 5D Chairman’s Report (Document 5D/1555) which contains a compilation of input documents received.
The studies of the RR No. 21.5 issue is contained in the section 4.3.2 in the Part 1 of Report of the Director on the activities of the Radiocommunication Sector (WRC-23 Document 4).
The objective of Article 21 is to ensure terrestrial and space services sharing frequency bands above 1 GHz to operate in a satisfactory manner. 

2.	Documents
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Input Documents APG23-6/INP-29 (J), INP-76 (SNG), INP-78 (NZL, KOR), INP-80(Rev.1) (AUS), INP-103 (CHN)
· Information Documents APG23-6/INF-02 (WMO), INF-10 (DG Chair), INF-28 (GSOA), INF-40 (GSMA Hong Kong), INF-45 (RCC), INF-46 (CEPT), INF-55 (ATU) 

3.	Summary of discussions
3.1	Summary of APT Members’ views
3.1.1	Australia - Document APG23-6/INP-80(Rev.1)
· For the verification of IMT stations using Active Antenna Systems (AAS) and operating in the 24.25-27.5 GHz band, Australia supports using a total radiated power within a defined reference bandwidth to capture the “power delivered to the antenna of a station” in RR No.21.5. Australia is considering a reference bandwidth of 50 MHz, 100 MHz or 200 MHz.
· Australia does not support change to the Radio Regulations to address WRC-19 Document 550. Australia opposes continuation of this work in the WRC-27 study cycles.
· Australia proposes a Preliminary APT Common Proposal as follows:



3.1.2	China (People’s Republic of) - Document APG23-6/INP-103
· China is of the view that all transmitter units in an AAS of an IMT station shall be treated as “a transmitter” of RR No. 21.5 when these units are operating at same frequency band. These units shall be treated as an independent transmitting antenna in a frequency assignment notification.
· China proposes when notifying a frequency assignment of a mobile service station that uses an antenna which consists of an array of active elements in the frequency range 24.45-29.5 GHz, the Item Identifier 8AA shall be the value of an integrated power delivered by all transmitter units of that antenna (AAS) over the notified necessary bandwidth. Practically, China proposes the “Total Radiated Power (TRP[footnoteRef:1]) of that antenna (AAS) over the notified necessary bandwidth can be used to fill the Item Identifier 8AA. [1: The concept of TRP can be referred to as “the integral of the power transmitted from all antenna elements in different directions over the entire radiation sphere” in Resolution 243 (WRC-19) and Resolution 750 (Rev.WRC-19)] 

· For verification of RR No. 21.5 issue, China proposes that the value filled in Item Identifier 8AA shall directly check against the limits stipulated in the RR No. 21.5.
· For update of Table 21-2 issue, China is of the view that the consistence should be ensured in Radio Regulations when the frequency bands are shared by terrestrial service and satellite service with equal rights.

3.1.3	Japan - Document APG23-6/INP-29
Japan is of the view that:
· For the notification of IMT AAS stations, the total radiated power (TRP) (i.e., the integral of the power transmitted from all antenna elements in different directions over the entire radiation sphere) should be filled in the Item Identifier 8AA in Table 1 of Appendix 4 of RR.
· For the verification of the notified IMT AAS stations, the following equation should be applied when assessing conformity with the “+10 dBW” limit stipulated in RR No. 21.5.

where P is the value of TRP in dBW notified in the Item Identifier 8AA and BW is the necessary bandwidth of the IMT station’s emission in MHz notified in the Item Identifier 7AB in Table 1 of Appendix 4 of RR, respectively. In the above equation, the value of “200” MHz is introduced to avoid a restriction of IMT AAS stations that uses a large channel bandwidth beyond 200 MHz.
· At WRC-23, discussion should focus on the frequency band 24.45-27.5 GHz, and the approach described in the above two bullets should be agreed to address the notification and verification of IMT AAS stations in that frequency band. The agreement should be reflected in the RR, accordingly.
· After the agreement in the frequency band 24.45-27.5 GHz, discussion can be extended to IMT AAS stations using other frequency bands shared with the space services (Earth-to-space).
· Furthermore, considering potential future technology innovation of IMT AAS stations employing beyond +10 dBW per 200 MHz bandwidth, but reduced interference to satellite receivers, an additional measure that allow for notification of such IMT AAS stations should be considered (e.g., EIRP mask as a function of vertical angel above the horizon).

3.1.4	New Zealand and Korea (Republic of) - Document APG23-6/INP-78
· New Zealand and Republic of Korea do not support change to the Radio Regulations to address WRC-19 Document 550 and do not support the continuation of this discussion into the next study cycle or at WRC-27 (e.g. with a new Agenda Item).
· New Zealand and Republic of Korea maintain the view that only the 24.25 – 27.5 GHz is within scope of WRC-19 Document 550 and proposals / solutions should not extend nor address other frequency bands outside of the 24.25 – 27.5 GHz frequency range.
· New Zealand and Republic of Korea are of the view that the sharing and compatibility studies performed for WRC-19 Agenda Item 1.13 should not be revisited nor should those assumptions be used as a basis for the addressing WRC-19 Document 550. All the necessary conditions are within Resolution 242 (WRC-19).
· It is noted that the consigning APT Members also maintain their views and positions previously submitted to APG meetings / and have submitted separate inputs to APG23-6 with their additional views.
· New Zealand and Republic of Korea propose the following Preliminary APT Common Proposal:


· Regarding the way or working in APG23-6, it is suggested that the proposals/views remain in the section 4, “APT View(s)” of the APT OUTPUT, if APG23-6 agree. If APG23-6 does not agree then APT Views should be developed in a way to maximize the commonality among APT member’s view. If some of above views are not included in the section 4, the remaining parts should be included in section 6, “Issue for Consideration Meeting at WRC-23 (if any)” for further consideration during APT Coordination meeting (see also APG23-6/INP-09).

3.1.5	Singapore (Republic of) - Document APG23-6/INP-76
· For the application of No. 21.5 to IMT stations using AAS in the 26 GHz, to ensure satellite protection while not constraining the use of IMT, Singapore supports the use of total radiated power (TRP) with an appropriate reference bandwidth. 
· Singapore supports the application of a bandwidth adjustment factor, to take account of IMT base stations that use higher and lower bandwidth than the reference bandwidth. As a first step, the outcome of the work should address the verification of compliance with No. 21.5 for the notification of IMT AAS stations. Singapore also supports consideration of possible revisions using other metrics to the RR Article 21, to clarify the application of No. 21.5 for stations with AAS antennas. 

3.2	Summary of issues raised during the meeting
· Some APT Members are of the view that the reference bandwidth needs to be further discussed at WRC-23.
· Some APT Members are of the view that frequency range 27.5-29.5 GHz should be considered in issues on WRC-19 Document 550.
· Some APT Members oppose any work on this topic in WRC-27 study cycle.
· Some APT Members support using a total radiated power within a specific reference bandwidth to capture the “power delivered to the antenna of a station” in No. 21.5. Some APT Members are considering a reference bandwidth of 50MHz, 100MHz or 200 MHz.
· Some APT Members are of the view that administrations may choose the power from a single transmitter or TRP when notifying an IMT station using AAS for item 8AA.
· Some APT Members are of the view that update to Table 21-2 is needed in order to keep consistency with the Radio Regulations.
· The following text was developed by the Drafting Group as a potential PACP. However, consensus was not reached during the meeting.
“APT Members support NOC to RR to address the issues contained in WRC-19 Document 550 expecting consensus to be reached on the substance/objective of WRC-19 Doc 550 at WRC-23 
In addition to the existing provisions and procedures in the RR, including Article 21 for verification and notification of stations regarding conducted power, APT Members are also of the view that TRP as the equivalent value of the power delivered to the antenna in the frequency assignment notification of IMT station using AAS can be used. For the verification of RR No. 21.5 regarding IMT stations in the 24.45-27.5 GHz frequency band, APT Members are considering using the data item 8AA against the limit stipulated in RR No. 21.5 with a reference bandwidth when provided in TRP.
Based on this issue being resolved at WRC-23, APT Members oppose establishing an agenda item on this topic for WRC-27.”

4.	APT View(s)
The APT has considered the studies on WRC-19 Document 550 but has not developed a Preliminary APT Common Proposal on the matter. However, the APT has agreed on the following view(s).
· 	APT Members are of the view that possible and practical alternative approaches/solutions merit to be considered.
· 	APT Members are of the view that appropriate regulatory provisions/measures for the operation of terrestrial IMT and space services and their future development in a balanced and fair manner are necessary.
· 	APT Members are of the view that change to RR No. 21.5 may not be necessary at this stage to address the issues raised in Document 550 of WRC-19.

5.	Preliminary APT Common Proposal
[bookmark: _Hlk143258247]None

6.	Issues for Consideration at APG Coordination Meeting at WRC-23 (if any)
APT Members are encouraged to consider the issues raised during the APG23-6 meeting (Section 3.2), as well as considering the views of other regional organizations, to provide a possible solution/method on this matter at WRC-23.

7.	Views from Other Organisations
7.1	Regional Groups
7.1.1	CEPT - Document APG23-6/INF-46
Note: The term AAS is used here as a shortcut for “stations in the mobile service, including IMT stations, and the fixed service that use an antenna that consists of an array of active elements”
· Proposed short-term approach at WRC-23 for notification and verification of AAS in the frequency range 24.45-29.5 GHz
For the purpose of verification of RR No. 21.5 in the notification of stations in the mobile service, including IMT stations, and stations in the fixed service, that use an antenna that consists of an array of active elements in the frequency range 24.45-29.5 GHz, CEPT is of the view that the “power delivered by a transmitter to the antenna of a station” in RR No.21.5 can be considered as the “total radiated power” (TRP), which is defined as the integral of the power transmitted from all antenna elements in different directions over the entire radiation sphere (noting it is mathematically equivalent to the sum of conducted powers from all internal transmitters, minus ohmic losses).
The limit 8AA <= 10dBW for notification of base stations that use an antenna that consists of an array of active elements. The following other fields would have to be documented in every notification:
9G = maximum gain of the AAS
8B = 8AA + 9G
7AB = necessary bandwidth of the IMT transmission (current 50, 100, 200 or 400 MHz)
The European Common Proposal proposes to implement the short-term solution at WRC-23 through revision to RR Article 21, in particular a new provision 21.5B applicable to AAS in the frequency range 24.45-29.5 GHz, and to merge entries in Table 21-2 for the frequency band 24.45-29.5 GHz.
· Review of RR No.21.5 and possible actions to be considered by a subsequent WRC
CEPT is considering whether the same approach as for the interim solution could be applied in frequency bands used for reception by space stations, though not excluding alternative solutions. Any solution should ensure that it does not impact the protection of satellite reception.
· Issue C
CEPT considers to develop the updates of Table 21-2 of RR Article 21 to include the following frequency bands, where reception by space stations is to be protected when these bands are shared with equal rights with the fixed and mobile services:
· 24.45-27.5 GHz, 40-40.5 GHz, 42.5-43.5 GHz, 45.5-47 GHz, 47.2-48.2 GHz, 66-71 GHz, which are identified for IMT and might be used by stations with AAS, and
· 43.5-45.5 GHz, 48.2-50.2 GHz, 50.4-51.4 GHz
CEPT will assess whether the limit in No.21.5 has to be adapted for the frequency band above 29.5 GHz (see above).

7.1.2	RCC - Document APG23-6/INF-45
· Issue A – Notification of IMT station with AAS
Temporarily, unless modified by WRC-23, Item 8AA in Table 1 of RR Appendix 4 “the power delivered to the antenna” for notification of the IMT stations with AAS shall be the value of the “total radiated power” (TRP), defined as in Resolution 243 (WRC-19) and Resolution 750 (Rev. WRC-19).
· Issue B – Verification of notifying IMT station with AAS
Keep unchanged the limit of power level in RR Article 21 No. 21.5 with adjustment factor regarding the bandwidth of IMT station with AAS.

7.1.3	ATU - Document APG23-6/INF-55



7.2	International Organisations
7.2.1	WMO - Document APG23-6/INF-02
· WMO supports the approach to ensure that no impact will occur in the band 25.5–27 GHz on EESS (space-to-Earth) operations due to the future deployment of co-frequency IMT systems that use an antenna that consists of an array of active elements. Regarding the notification of such IMT systems, WMO supports that a temporary approach be developed for the notification and verification of IMT stations with an array of active elements with respect to RR No 21.5 in the frequency band 25.5–27 GHz before an appropriate competent WRC decision is taken.
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WRC-19 Document 550: Verification of No. 21.5 for the notification of IMT stations operating in the frequency band 24.45-27.5 GHz which use an antenna that consists of an array of active elements: ITU‑R is invited to study, as a matter of urgency, the applicability of the limit specified in RR No. 21.5 of the Radio Regulations to IMT stations, that use an antenna that consists of an array of active elements, with a view to recommend ways for its possible replacement or revision for such stations, as well as any necessary updates to RR Table 21-2 related to terrestrial and space services sharing frequency bands. Furthermore, the ITU-R is invited to study, as a matter of urgency, verification of RR No. 21.5 regarding the notification of IMT stations that use an antenna that consists of an array of active elements, as appropriate.

APT members support using a total radiated power (TRP) within a defined reference bandwidth to capture the "power delivered to the antenna of a station” in No. 21.5. APT members are considering using a reference bandwidth of 50 MHz, 100 MHz or 200 MHz. It is recognised that the adoption of TRP approach when applying No. 21.5 to IMT stations that use an antenna that consists of an array of active elements (including active antenna systems) does not require changes to the Radio Regulations, but it would require amendments to the Rules of Procedure. 

APT Members do not support changes to the Radio Regulations to address the matters raised in WRC-19 Document 550. APT members also oppose continuation of this work in the WRC-27 study cycles.
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WRC-19 Document 550: Verification of No. 21.5 for the notification of IMT stations operating in the frequency band 24.45-27.5 GHz which use an antenna that consists of an array of active elements: ITU‑R is invited to study, as a matter of urgency, the applicability of the limit specified in RR No. 21.5 of the Radio Regulations to IMT stations, that use an antenna that consists of an array of active elements, with a view to recommend ways for its possible replacement or revision for such stations, as well as any necessary updates to RR Table 21-2 related to terrestrial and space services sharing frequency bands. Furthermore, the ITU-R is invited to study, as a matter of urgency, verification of RR No. 21.5 regarding the notification of IMT stations that use an antenna that consists of an array of active elements, as appropriate.

APT Members support no change to the Radio Regulations under agenda to address WRC-19 Document 550. APT members also oppose continuation of this work in the WRC-27 study cycles.
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Agenda Item 9.1 (Article 21.5 of the RR)

		Part A: Description



		Results of the first session of the Conference Preparatory Meeting for WRC 23 (CPM23-1) (CA/251), https://www.itu.int/dms_pub/itu-r/md/00/ca/cir/R00-CA-CIR-0251!A2!MSW-E.docx, 

pg. 12 -13:



Two additional topics from WRC-19 were brought to the attention of CPM23-1 that request studies be performed in ITU-R. These do not specifically request action or reporting to WRC-23, so these are not included in the topics under agenda item 9.1 in Annex 7 to this Administrative Circular. However, the relevant ITU-R working parties are invited to carry out the requested studies, indicated below, and to report the results of the studies to the Director of the Radiocommunication Bureau to be considered as the Director deems appropriate.

· […]

· From WRC-19 Document 550 – “ITU-R is invited to study, as a matter of urgency, the applicability of the limit specified in No. 21.5 of the Radio Regulations to IMT stations, that use an antenna that consists of an array of active elements, with a view to recommend ways for its possible replacement or revision for such stations, as well as any necessary updates to Table 21-2 related to terrestrial and space services sharing frequency bands. Furthermore, the ITU-R is invited to study, as a matter of urgency, verification of No. 21.5 regarding the notification of IMT stations that use an antenna that consists of an array of active elements, as appropriate.” (Responsible Group: WP 5D)





		Part B: Key Elements – the notables



		The matter which was first raised in the context of WRC-19 AI 1.13.  The issues relate to how RR 21.5 should be applied to IMT stations that use Advanced Antenna Systems (AAS). 











FIGURE 1

Overview of the situation

[image: ]

Article 21, Section II concerns the protection of satellite receivers from interference from terrestrial stations. Article 21.5 states that: “The power delivered by a transmitter to the antenna of a station in the fixed or mobile services shall not exceed +13 dBW in frequency bands between 1 GHz and 10 GHz, or +10 dBW in frequency bands above 10 GHz, except as cited in No. 21.5A.”

FIGURE 2

Illustration of where No. 21.5 applies to a station.

[image: ]

Figure 2 shows where the power limit in No. 21.5 would apply to the terrestrial station. 

Article 21.5 was introduced by the “Extraordinary Administrative Radio Conference to allocate frequency bands for space radiocommunication purposes (Geneva, 1963) held from 07 October - 08 November” (EARC-63) (below 10 GHz) and the “World Administrative Radio Conference for Space Telecommunications held from 07 June - 17 July 1971, in Geneva, Switzerland (Geneva, 1971)”(WARC-71), (above 10 GHz) with the purpose of facilitating sharing between terrestrial and space services, and this Article refers to Item Identifier 8AA for notification, by administrations, of the conducted power to the BR as described in Appendix 4 (Annex II of the RR[footnoteRef:1]).  [1:  ITU Radio Regulations] 


RR No. 21.5 might limit the aggregate interference from fixed/mobile stations to a satellite uplink beam, as the interference level also depends on the antenna gain (currently not specified) towards the satellite receiver. The limit is +10 dBW in bands above 10 GHz. RR No 21.5 power limit should apply to individual stations in the fixed or mobile service including IMT stations consistently with the intention of the provision to protect satellite reception, in frequency bands for reception by space stations where the frequency bands are shared with equal rights with the fixed or mobile services. The power limit defined in No. 21.5 is regarded as the conducted power before the antenna as shown in Figures 3 (and 2). Simplified, it doesn’t contain any loss (e.g., ohmic loss).







FIGURE 3

Relation between Article 21.5 and the emissions to satellite

[image: ]

The radiated power that the satellite receiver ‘sees’ from the terrestrial station is the combination of the ‘power delivered to the antenna’ and the ‘antenna gain’ in the direction of the satellite. Therefore, without having information about antenna performance and the antenna gain towards the satellite, it is not possible to assess the protection of space services (or interference towards the satellite receiver).  

The RR No. 21.5 limit uses the parameter “power delivered by a transmitter to the antenna,” which leads to some ambiguity when applying the limit to stations that use an array of active elements (AAS). An AAS can consist of multiple transmitter units, which are integrated into the antenna. All transmitter units in an AAS operate on the same radio-frequency channel to generate one or more beams.

It may be noted that AAS is a generic system that uses multiple radiating elements, and these are being considered for use in mobile systems operating in bands which are not identified for IMT and are being considered for use in some fixed service systems. 

This ambiguity in application of RR No. 21.5 should be addressed and consequently there is a need to clarify the application of Article 21 to AAS antennas for stations in the fixed or mobile service including IMT stations.

Discussions and proposals in WP 5D are currently grouped into two main approaches. With one approach focusing on a total radiated power (TRP) approach with a reference bandwidth, and another approach based on conducted power delivered by a single transmitter. This is explained in detail in Part D.



Notification with FXM Guidelines

Although the terrestrial systems have been evolving over the years since 1970s, these stations continued to be successfully notified by administrations (i.e., verified by the BR) according to the Radio Regulations. Some administrations have successfully notified terrestrial stations that deploy AAS in the millimeter-wave frequency band in line with the information found in the FXM Guidelines[footnoteRef:2]. However, others are of the opinion that it is not possible to notify IMT stations which use an ‘antenna that consists of an array of active elements’ (sometimes referred to as AAS) without providing clarifications. The following paragraphs extracts the information from the FXM Guidelines on the notification relevant to AAS-based terrestrial station. [2:  https://www.itu.int/en/ITU-R/terrestrial/tpr/Documents/FXM/FXM_Guidelines_English/FXM%20Guidelines_web.pdf] 


TABLE 1

Notice Type

		Notice type

		Applicable to



		T11

		Terrestrial transmitting Station (TX) in the Fixed Service (Appendix 4, Annex 1)



		T12

		Terrestrial transmitting Station (TX) (except station in the Fixed, Or LF/MF/VHF/UHF Broadcasting Services, Or Typical Station) (APPENDIX 4, ANNEX 1)



		T13

		Terrestrial receiving Land Station (RX) (Appendix 4, Annex 1)



		T14

		Terrestrial typical transmitting Station (TP) (Appendix 4, Annex 1)



		T15

		Frequency allotment in the Maritime Mobile Service (Appendix 25)



		T16

		Terrestrial transmitting Station (TX) (Plan Update Regional Agreement Geneva, 1985, Article 4 of the Agreement)



		T17

		Terrestrial Transmitting Station (TX) using Adaptive Systems (Appendix 4, Annex 1)







Table 1 lists the different types of notice files; in particular the T12 file applies to the case of notifying specific IMT terrestrial transmitting stations.

FIGURE 3

Structure of an example T12 notice file.

[image: ]

Figure 3 above shows the general structure of an example T12 notice file and the information to be provided in the process of creating frequency assignment notices for terrestrial services for submission to the BR – either to update the Master International Frequency Register (MIFR) and/or to modify Plans.

FIGURE 4

An example T12 notice file. 

[image: ]

Figure 4 (based on the notification template in Figure 3) shows a notice that has two sets of transmitting antenna parameters. The first antenna has two receiving sites, and the second antenna has only one receiving site. According to FXM Guidelines, “In fact, there is no limit concerning the number of "antennas" for a notice, and no limit concerning the number of receiving sites per antenna.” Also, “there is no limit concerning the number of transmitting "antennas" for a notice.” However, some administrations were of the opinion that these quotes did not have AAS systems in mind and as such could be interpreted in an undesired way. It should be noted that the precise parameters for the assignment, the antenna, and the receiving site vary according to the notice type.

APM23-3 agreed to:



Support the on-going ITU-R studies on the applicability of the limits specified in RR No. 21.5 to IMT stations using active antenna systems (AAS) and the verification of RR No. 21.5 regarding the notification of these IMT stations, in accordance with the scope mentioned in Document 550 of WRC-19 and CA/251, that is “Verification of No. 21.5 for the notification of IMT stations operating in the frequency band 24.45-27.5 GHz which use an antenna that consists of an array of active elements”



APM23-3 agreed to request ATU Administrations to:



1. Note that this topic will be addressed in the Report of the Director of the Radiocommunication Bureau and not as part of a dedicated WRC-23 agenda item.

2. Consider the analysis in this document when further discussing and considering a position to ensure the protection of satellite receivers with regards to:

a. the applicability of the limit specified in RR No. 21.5 to IMT stations using Advanced Antenna Systems (AAS).

b. any update to RR Table 21.2 related to terrestrial and space services sharing frequency bands.

c. verification of No. 21.5 regarding the notification, under the provision of RR 2020 Edition, of IMT stations that use AAS in the 26 GHz band.

3. Actively participate and contribute meaningfully to the studies during the next meetings of WP5D in order to develop an appropriate balance note to the Director of the Radiocommunication Bureau, in time for WRC-23.





		Part C: Current Status of the Band



		

[bookmark: _heading=h.gjdgxs]ARTICLE 21

[bookmark: _heading=h.30j0zll]Terrestrial and space services sharing frequency bands above 1 GHz.

Section I − Choice of sites and frequencies

21.1	§ 1	Sites and frequencies for terrestrial stations and earth stations, operating in frequency bands shared with equal rights between terrestrial radiocommunication and space radiocommunication services, shall be selected having regard to the relevant ITU-R Recommendations with respect to geographical separation between earth stations and terrestrial stations.

21.2	§ 2	1)	As far as practicable, sites for transmitting[footnoteRef:3]1, [footnoteRef:4]3 stations, in the fixed or mobile service, employing maximum values of equivalent isotopically radiated power (e.i.r.p.) exceeding the values given in Table 21-1 in the frequency bands indicated, should be selected so that the direction of maximum radiation of any antenna will be separated from the geostationary-satellite orbit by at least the angle in degrees shown in the Table, taking into account the effect of atmospheric refraction[footnoteRef:5]2:    (WRC-12) [3: 1 	21.2.1	For their own protection receiving stations in the fixed or mobile service operating in frequency bands shared with space radiocommunication services (space-to-Earth) should also avoid directing their antennas towards the geostationary-satellite orbit if their sensitivity is sufficiently high that interference from space station transmissions may be significant. In particular, in the frequency bands 13.4-13.65 GHz and 21.4-22 GHz, it is recommended to maintain a minimum separation angle of 1.5 with respect to the direction of the geostationary-satellite orbit.    (WRC-15)
2 	21.2.2	Information on this subject is given in the most recent version of Recommendation ITU-R SF.765 (see Resolution 27 (Rev.WRC-03)*).
		*	Note by the Secretariat: This Resolution was revised by WRC-07, WRC-12 and WRC-19.
21.2.3	Not used.]  [4: 3 	21.2.4	For frequency bands above 15 GHz (except 25.25-27.5 GHz), there is no restriction on the angular separation for transmitting stations of the fixed or mobile service. This matter is being studied in ITU-R.]  [5: ] 


TABLE  21-1

		Frequency band
(GHz)

		e.i.r.p. value (dBW)
(see also Nos. 21.2 and 21.4)

		Minimum separation angle with respect to geostationary-satellite orbit (degrees)



		1-10

		+35

		2



		10-15

		+45

		1.5



		25.25-27.5

		+24 (in any 1 MHz band)

		1.5



		Other bands above 15 GHz

		+55

		No limit3





Section II − Power limits for terrestrial stations

21.3	§ 3	1)	The maximum equivalent isotropically radiated power (e.i.r.p.) of a station in the fixed or mobile service shall not exceed +55 dBW.

21.4		2)	Where compliance with No. 21.2 for frequency bands between 1 GHz and 10 GHz is impracticable, the maximum equivalent isotopically radiated power (e.i.r.p.) of a station in the fixed or mobile service shall not exceed:

	+47 dBW in any direction within 0.5° of the geostationary-satellite orbit; or

	+47 dBW to +55 dBW, on a linear decibel scale (8 dB per degree), in any direction between 0.5° and 1.5° of the geostationary-satellite orbit, taking into account the effect of atmospheric refraction[footnoteRef:6]4. [6: 4 	21.4.1	Information on this subject is given in the most recent version of Recommendation ITU-R SF.765 (see Resolution 27 (Rev.WRC-03) *).
		*	Note by the Secretariat: This Resolution was revised by WRC-07, WRC-12 and WRC-19.] 


21.5		3)	The power delivered by a transmitter to the antenna of a station in the fixed or mobile services shall not exceed +13 dBW in frequency bands between 1 GHz and 10 GHz, or +10 dBW in frequency bands above 10 GHz, except as cited in No. 21.5A.    (WRC-2000)

21.5A		As an exception to the power levels given in No. 21.5, the sharing environment within which the Earth exploration-satellite (passive) and space research (passive) services shall operate in the band 18.6-18.8 GHz is defined by the following limitations on the operation of the fixed service: the power of each RF carrier frequency delivered to the input of each antenna of a station in the fixed service in the band 18.6-18.8 GHz shall not exceed −3 dBW.     (WRC-2000)

21.6		4)	The limits given in Nos. 21.2, 21.3, 21.4, 21.5 and 21.5A apply, where applicable, to the services and frequency bands indicated in Table 21-2 for reception by space stations where the frequency bands are shared with equal rights with the fixed or mobile services: (WRC-2000)

TABLE  21-2 (Rev.WRC-19)

		Frequency band

		Service

		Limit as specified
in Nos.



		1 427-1 429 MHz
1 610-1 645.5 MHz (No. 5.359)
1 646.5-1 660 MHz (No. 5.359)
1 980-2 010 MHz
2 010-2 025 MHz (Region 2)
2 025-2 110 MHz
2 200-2 290 MHz
2 655-2 670 MHz [footnoteRef:7]5 (Regions 2 and 3)
2 670-2 690 MHz 5 (Regions 2 and 3)
5 670-5 725 MHz (Nos. 5.453 and 5.455)
5 725-5 755 MHz 5 (Region 1 countries listed in Nos. 5.453 and 5.455)
5 755-5 850 MHz 5 (Region 1 countries listed in Nos. 5.453 and 5.455)
5 850-7 075 MHz
7 145-7 235 MHz[footnoteRef:8]* 
7 900-8 400 MHz [7: 5 	21.6.1	The equality of right to operate when a band of frequencies is allocated in different Regions to different services of the same category is established in No. 4.8. Therefore, any limits concerning inter-regional interference which may appear in ITU-R Recommendations should, as far as practicable, be observed by administrations.]  [8: *	For this frequency band only the limits of Nos. 21.3 and 21.5 apply.] 


		Fixed-satellite
Meteorological-satellite
Space research
Space operation
Earth exploration-satellite
Mobile-satellite

		21.2, 21.3,
21.4 and 21.5



		10.7-11.7 GHz 5 (Region 1)
12.5-12.75 GHz 5 (Nos. 5.494 and 5.496)
12.7-12.75 GHz 5 (Region 2)
12.75-13.25 GHz
13.75-14 GHz (Nos. 5.499 and 5.500)
14.0-14.25 GHz (No. 5.505)
14.25-14.3 GHz (Nos. 5.505 and 5.508)
14.3-14.4 GHz 5 (Regions 1 and 3)
14.4-14.5 GHz
14.5-14.8 GHz
51.4-52.4 GHz

		Fixed satellite

		21.2, 21.3 and 21.5



		17.7-18.4 GHz
18.6-18.8 GHz
19.3-19.7 GHz
22.55-23.55 GHz
24.45-24.75 GHz (Regions 1 and 3)
24.75-25.25 GHz (Region 3)
25.25-29.5 GHz

		Fixed-satellite
Earth exploration-satellite
Space research
Inter-satellite

		21.2, 21.3, 21.5 
and 21.5A





21.7		5)	Trans horizon systems in the 1 700-1 710 MHz, 1 980-2 010 MHz, 2 025-2 110 MHz and 2 200-2 290 MHz bands may exceed the limits given in Nos. 21.3 and 21.5, but the provisions of Nos. 21.2 and 21.4 should be observed. Considering the difficult sharing conditions with other services, administrations are urged to keep the number of trans horizon systems in these bands to a minimum. (WRC-2000)



[…]







		Part D: Conclusion of the results of studies if any



		There has been little consensus in ITU-R WP 5D in developing a report to the Director of the Radiocommunication Bureau on the results of studies. WP 5D has developed different approaches and received a number of technical studies. These aspects are summarized below.

D.1 Status of work in WP5D

There are two main approaches under consideration in WP5D:

· Approach 1: Apply the RR No. 21.5 limit to the TRP, with two alternatives:

· Alternative 1 that applies the Bandwidth Adjustment Factor (BAF) to all necessary bandwidths (50 MHz, 100 MHz, 200 MHz, 400 MHz); and 

· Alternative 2 which applies the BAF only for bandwidths greater than 200 MHz bandwidth.

· Approach 2: Apply the RR No. 21.5 limit to the power of each transmitter or radiating element.



These approaches are currently listed in the Working Document of ITU-R WP 5D (Annex 4.5 to 5D/1361) which has not been fully agreed due to the concerns of the contents in the relevant sections.

Approach 1: To apply No. 21.5 limit to the whole AAS.

The limit in No 21.5 (+13 dBW for ≤10 GHz and +10 dBW for >10 GHz) is considered as the Total Radiated Power (TRP) specified with a reference bandwidth (e.g., 1 MHz, 56 MHz, 200 MHz, etc.). This means that the limit applies to the total power radiated from the whole AAS, measured in the bandwidth determined.

Supporters of this approach have based the argument on the work carried out for TG 5/1 but have not reached an agreement on the reference bandwidth. There is a suggestion that the long-term solution is to modify Article 21 (e.g., introduce No. 21.5B) by some proponents of this approach. Supporters of this approach believe that it will not constrain the operation of IMT systems which follow the parameters assumed in the ITU studies and provides sufficient margin for future development of IMT systems. 

Approach 2: To apply No. 21.5 limit to a single transmitter within the AAS.

The limit in No 21.5 (+13 dBW for ≤10 GHz and +10 dBW for >10 GHz) for IMT base station with AAS is considered as the power delivered by a single transmitter based on specification or configuration of transmitters for product provided from manufacturers.

Supporters of this approach have indicated that there is sufficient information from the ITU for the notification process, as stated in the title of Document 550 - “Verification of No. 21.5 for the notification of IMT stations”. Furthermore, this does not require any modification/addition to No. 21.5 or further technical analysis on the protection of satellite.

Others believe that it would allow an IMT base station to radiate power 30 dB higher than was assumed in the ITU-R studies, which would significantly exceed the satellite protection criteria.  This approach could, in the long term, prevent the use of some satellite uplink bands.



D2 Key issues in WP5D 

There were 2 key issues expressed during the discussions and they are:

i. Approach 2 could potentially affect satellite operation.

ii. From the perspective of IMT, an incorrect application could severely limit IMT deployment and development.

D2.1. Impact on satellite operation

WRC-19 TG 5/1 has performed sharing and co-existence studies in the mmW bands (including 26 GHz) where IMT that uses AAS showed compatibility with satellite systems having more than 12 dB of margin for the 26 GHz frequency band. These studies are based on AAS with a set of parameters[footnoteRef:9] which leads to a TRP of 25 dBm and a narrow-beam peak EIRP of 48 dBm. A reference bandwidth of 200 MHz was assumed in the studies performed.  [9:  For an antenna array of 8x8 with a conducted power of 10 dBm per element, a 5 dBi antenna element gain and a 3 dB ohmic loss. The power is based on a 200 MHz reference bandwidth.] 


From the perspective of satellite operations, there are concerns that if the TRP simply increases by 15 dB (3 dB more than the 12 dB margin found from the TG 5/1 studies), the power limit defined in No. 21.5 will exceed the protection criterion for FSS for a 200 MHz channel, more so for 400 MHz channel. 

However, others indicated there is need for further technical analysis as the power limit in No. 21.5 is the ‘power delivered by the transmitter to the antenna’, and it does not account for the antenna gain in the direction of satellite. If the number of antenna elements is increased, the interference to the satellite uplink will not increase proportionally to the total power increase of the base station. Hence, the power limit defined in No. 21.5 is not the interference power ‘seen’ by the satellite receiver. 

D2.2 Impact on IMT deployment and innovation

From the perspective of IMT, the conducted power per antenna element (10 dBm/200 MHz) is quite different from the Total Radiated Power (25 dBm/200 MHz) assumed for the IMT AAS base station in the 26 GHz TG 5/1 sharing studies. Although these are quite low compared to the No. 21.5 (10 dBW), choosing the correct metric is important to avoid unnecessary limitations to IMT deployment and innovation. It is quite clear that IMT AAS has a different concept of defining ‘power’ compared to the No. 21.5 limit, as the former is quantified with a reference bandwidth and the number of antenna elements will influence the TRP of the IMT AAS. 

As technologies evolves, the number of antenna elements could increase as could the bandwidths (especially at higher frequencies). Incorrect application of the power limit in No. 21.5 could stifle innovation and development in other frequency bands. Coverage and data throughput will be severely hampered. The proponents of approach 1 (TRP) believe this not to be the case, and no concrete information has been provided that would substantiate such forward looking statements.



D3. Additional technical assessment

In assessing the potential interference from IMT systems to satellite receivers, it would be necessary to resolve some key issues in the technical studies.

The TG 5/1 studies are based on a set of parameters which are inter-related, whether they are derived from radio specifications or the envisaged typical 26 GHz deployment. Modifying any of these parameters in isolation could be misrepresentative of how IMT is to be deployed worldwide. However, others have noted that the TG 5/1 studies allowed for sensitivity analysis for various parameters (including TRP) and already some real-life deployment of IMT systems operate at higher EIRP/TRP levels than those assumed in the TG 5/1 studies.

There have been 3 different technical assessments (TA) of interference from IMT systems to satellite:

i. TA1: Assessing the impact of No. 21.5 power limit against the margin from TG 5/1 studies,

ii. TA2: Extending TG 5/1 studies with higher TRP for all IMT base-stations (worldwide), and

iii. TA3: Assessing the impact of higher TRP of a single IMT base-station.

These assessments have their own limitations and there is no agreement on which of these assessments are to be taken forward.



D3.1. TA1: Assess Article 21.5 power limit in TG 5/1 study.

FIGURE 5

Emissions to satellite

[image: ]

Without specifying the antenna gain towards the satellite, it is not possible to evaluate the interference ‘seen’ by the satellite receiver. Moreover, the level assumed in TG 5/1 for 26 GHz IMT BS TRP is -5 dBW/200 MHz (25 dBm/200 MHz), hence views were expressed that it is not representative to assume all IMT BSs in the world are transmitting at the 21.5 limit of 10 dBW (for each IMT BS).

In a different scenario, views were expressed that it is not representative to assume that the conducted power for each 8x8 IMT base station antenna element to be 10 dBW because the typical 26 GHz system defined by WP 5D is -20 dBW (per 200 MHz channel or commonly used in study as 10 dBm/200 MHz).

D3.2. TA2: Extending TG 5/1 study with higher TRP for all IMT BS

FIGURE 6

Extending TG 5/1 study with extrapolating a single parameter[image: ]



Some technical assessments extended the TG 5/1 aggregated interference studies (as illustrated in Figure 6) to satellite by increasing only the number of antenna elements of all IMT BS beyond the sensitivity analysis agreed at that time. Therefore, views were expressed that the assessment is not entirely representative of IMT deployments for this frequency band.

TG 5/1 studies are based on a set of inter-related parameters and deployment scenarios. WP 5D has indicated that the provided parameters for IMT-2020 should not be modified in isolation as indicated in their liaison statement TG 5-1/174:

“The radiated power and other values in the list of IMT-2020 parameters have been derived for, and are aligned with, the envisaged IMT-2020 deployment scenarios as a whole and should not be modified in isolation.”

D3.3. TA3: Assessing the impact of higher TRP of a single IMT BS

Some technical assessments evaluated the emissions towards the satellite (at all elevation angles) by increasing the TRP of a single IMT base station.

FIGURE 7

Emissions to satellite from a single IMT AAS base station[image: ][image: ]

There are indications that if the TRP is increased by means of increasing the antenna element, it will not materially increase the interference towards the satellite. Although increasing the antenna element power will increase interference to the satellite proportionally.

However, it should be recognized that the overall interference to the satellite receiver should be assessed from all IMT base stations within the satellite footprint, and not only from a single IMT base station. Therefore, this assessment method might need to be further elaborated, including for higher percentiles.



D.4 Potential update to Table 21.2

Views were expressed that there is a need to update Table 21-2 to include frequency bands, where reception by space stations is to be protected when these frequency bands are shared with equal rights with the fixed or mobile services (including for IMT stations), and not yet included in Table 21-2.





		Part E: Options and Associated Implications



		There is was no agreement on the scope of the task given in Document 550 and CA/251., based on the following questions considered during the discussion at the 44th Meeting of Working Party 5D of June 2023: 

i. Whether administrations have the necessary information to notify 26 GHz IMT AAS base stations (particularly to fill in Item Identifier 8AA against No. 21.5) with the current Rules of Procedure and the FXM Guidelines? Noting that some administrations have also successfully notified terrestrial stations using AAS in the millimeter-wave frequency band.

ii. Whether there is a need to assess the specific impact of the No. 21.5 power limit towards the satellite? If so, what would be the appropriate way to carry this out? Noting that sharing studies between IMT and other services have already been performed at WRC-19 but noting as well that the preliminary results reached in WP 5D should not impact the protection of satellite services.

APM 23-3 reviewed two technical inputs on this subject and considered that, 

· ATU and the sub-regions have, to date, not addressed RR 21.5 at all in their WRC-23 preparations.

· The subject matter is complex and requires careful discussion, preferably face to face.

On this basis ATU WG1A has preferred not to provide to APM23-3 a proposal for position, and to defer the matter to further discussion, if possible, at the APM23-3 itself. Part D of this document contains a summary of the two technical contributions presented at WG1A and can be used as an introduction to the topic.

The results of the 44th Meeting of Working Party 5D regarding WRC-19 Document 550, in relation to RR 21.5.

WP 5D discussed how to proceed with the work in response to WRC-19 Document 550. The draft Final Note to the Director of the BR was further developed in a number of WG sessions dedicated to this topic. The introductory text was revised to streamline the text, avoid repetition and to clearly indicate that there are different views on these approaches and none of them are agreed. The description of the approaches was revised as well based on input from the proponents and they were grouped together and structured in sub-approaches to reflect the specific differences.

A shorter version of the Final Note was developed, pointing to the fact that there is no agreement on the final short note to the Director of the BR. Further, the shorter note the Director points to the compilation document with all the technical background material that had been prepared at previous meetings, with the Statements of administrations included in the Chairman’s Report.

Considering that: 



1. ITU-R has discussed several aspects and approaches regarding the studies called for in WRC-19 Document 550. No consensus was reached on any of these aspects and approaches. 

2. While not fully reviewed and agreed by WP 5D, Annex 4.5 to the WP 5D Chairman’s Report (Document 5D/1555) contains a compilation of input documents received.

3. Based on the Note received from the WP 5D, the Director of the ITU Radiocommunication Bureau (BR) would prepare and submit through his report to the WRC-23 considerations with regards to the scope on the applicability of the limits specified in RR No. 21.5 to IMT stations using active antenna systems (AAS) and the verification of RR No. 21.5 regarding the notification of these IMT stations, in accordance with the scope mentioned in Document 550 of WRC-19 and CA/251, that is, “Verification of No. 21.5 for the notification of IMT stations operating in the frequency band 24.45-27.5 GHz which use an antenna that consists of an array of active elements”

4. WG1A recommended to APM23-4 to convene a Workshop to enlighten Administrations on the technical details of the provisions of RR.21.5 and the requirements of document 550 with respect to the Note of the Director of the Radiocommunications Bureau’s Report to the World Radiocommunications Conference 2023, with view to understand better these provisions, to ensure proper interpretation when considering the Report at WRC-23.



		[bookmark: _heading=h.1fob9te]Part F: African Common Position (AfCP)



		

APM23-4 agreed to:

Support consideration on this matter at the WRC-23 based on the elements provided in the report of the  Director of the Radiocommunication Bureau on the scope on the applicability of the limits specified in RR No. 21.5 to IMT stations using active antenna systems (AAS) and the verification of RR No. 21.5 regarding the notification of IMT stations that use AAS in the 26 GHz band, in accordance with Document 550 of WRC-19 and CA/251, that is, “Verification of No. 21.5 for the notification of IMT stations operating in the frequency band 24.45-27.5 GHz which use an antenna that consists of an array of active elements”.





		Part G: Recommendations and Way Forward



		

APM23-4 agreed to request the ATU Secretary General to:

Convene a Workshop to enlighten Administrations on the technical details of the provisions of RR.21.5 and the requirements of the studies called in WRC-19 Document 550, with view to understand better these provisions, to ensure proper interpretation when considering the Report at WRC 23 in collaboration with the management team of Working Group 1A, in appropriate time prior to the WRC-23.



 APM23-4 agreed to request ATU Administrations to:

1. Consider and review the material available from the various elements discussed in ITU-R studies (Annex 4.5 to the WP 5D Chairman’s Report (Document 5D/1555)) on the studies called for in WRC-19 Document 550;

2. Actively participate in the Workshop to be organized on reviewing and discussing the possible outcome on approaches and various aspects regarding Document 550;

3. Contribute meaningfully to the discussion during the workshop in order to develop an appropriate position, in time for WRC-23 on the applicability of the limits specified in RR No. 21.5 to IMT stations using active antenna systems (AAS) and the verification of RR No. 21.5 regarding the notification of IMT stations in the 26 GHz band.

4. Support the AfCP under this agenda item.
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