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Working Party 1

PRELIMINARY VIEWS ON STUDIES ON RR NO. 21.5

Studies on RR No. 21.5:
–	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) 
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.
There have been six WP 5D meetings after CPM 23-1, in which the topic of RR No. 21.5 was discussed. 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 the 38th WP 5D meeting, based on the template provided by the SWG Chair, the meeting developed a new working document towards a draft Note to the Director of BR which contains materials of the input documents, the provided results of studies were grouped into two approaches, i.e., “TRP with a reference bandwidth” and “Conducted power delivered by a single transmitter” in section 2 of the new working document. At the 39th WP 5D meeting,  after extensive discussions in DG, SWG, WG and Plenary levels,  it was decided to carry forward all input documents to the next meeting and attach the working document ([716] Chapter 4 - Annex 4.5) to the Chairman’s Report for further consideration.
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
· Input Documents:
APG23-2/INP-10 (Rev.1) (J), 20 (SMO), 21 (NZL), 24 (AUS), 30 (KOR), 44 (CHN)
APG23-3/INP-07 (AUS), 20 (NZL), 24 (KOR), 28 (J), 39 (SMO), 41 (CHN)
· Information Documents: 
APG23-2/INF-13 (DG Chair), 35 (CEPT), 36 (RCC)
APG23-3/INF-01 (WMO), 04 (DG Chair), 20 (CEPT)
3. 	Summary of discussions
3.1	Summary of APT Members’ views
3.1.1 	Japan - Document APG23-3/INP-28
Japan support the on-going ITU-R studies on 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 and the verification of No. 21.5 regarding the notification of these IMT stations.
Japan is of the view that
–	in the case of an IMT station using AAS, the value of total radiated power (TRP) (i.e., the integral of the power transmitted from all antenna elements in different directions over the entire radiation sphere) with a reference bandwidth of 200 MHz should be used as an alternative measure instead of the “power delivered to the antenna”
–	the interpretation “the power delivered by a transmitter to the antenna of a station” in RR No. 21.5 as the power delivered by a single transceiver to the antenna of an IMT station, will not be a workable solution to reach consensus in terms of not impacting the protection of satellite services

3.1.2 	Samoa - Document APG23-3/INP-39
1. It is proposed that APG focus on using the TRP as the parameter equivalent to “power delivered by a transmitter to the antenna of a station” in the application of No. 21.5 for AAS antennas.
2. APG should ensure that all approaches considered on this issue include an assessment of the impact on interference to satellite systems.

3.1.3 	New Zealand - Document APG23-3/INP-20
New Zealand is of the view that the sharing and compatibility studies performed for agenda item 1.13 (WRC-19) should not be revisited nor should those assumptions be used as a basis for the addressing WRC-19 Document 550. It is clear that the inclusion of RR No. 21.5 in the 1960s and 1970s did not envisage IMT stations using AAS nor was there a relationship to the studies performed under agenda item 1.13 (WRC-19). Studies should also stay within the scope of WRC-19 Document 550 and only consider the 24.45-27.5 GHz band.

ITU-R studies should continue to consider an appropriate reference bandwidth based on the common radio systems and reference bandwidths in the 1960s and 1970 and assess how this applies today. It was previously considered that “the concept of defining e.i.r.p. and transmitter power on the basis of power per unit bandwidth merits further consideration by the C.C.I.R”.

It is noted that The Radio Regulations commonly uses power prescribed in a 4 kHz bandwidth below 15 GHz and a 1 MHz bandwidth above 15 GHz. It is proposed that regarding notification of IMT stations using Advanced Antenna Systems (AAS), RR No. 21.5 should be applied as a power spectral density limit of +10 dBW per 1 MHz. For the purpose of notification Power supplied to the antenna = TRP.

3.1.4	Australia - Document APG23-3/INP-07
Australia supports studies being conducted to address the applicability of No. 21.5 to clarify its operation in order to provide regulatory certainty for the deployment of IMT stations using active antenna systems (AAS). 

For IMT stations with AAS operating in the band 24.25-27.5 GHz, Australia supports using a total radiated power within a defined reference bandwidth to capture the "power delivered to the antenna of a station” in No. 21.5. Australia has not yet formed a view on what reference bandwidth should apply.

3.1.5	Korea (Republic of) - Document APG23-3/INP-24
The Republic of Korea is of the preliminary views that taking into account the agreed guidance above by the Chairmen of SGs 4 and 5, the APT Members are encouraged to participate actively WP 5D to develop the study results.
It is of the view that Republic of Korea does not see any necessity to modify Article No.21.5, which provide regulatory provisions/measures for the operation of terrestrial IMT and space services and their future development in a balanced and fair manner. 
As explained in these attachments, it is also of the view that there is no need to provide any additional information for the notification of IMT stations that use an antenna that consists of an array of active elements given the data items already provided in RR Appendix 4 (i.e. data item 8B)
ATTACHMENTS: 1 and 2
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3.1.6	China (People’s Republic of) - Document APG23-3/INP-41
Chinese preliminary views are as follows:
1) China is of the view that the final study result of this issue shall not cause harmful interference to, or constrain the development of space services, while take into full consideration of the development of IMT. 
2) China is also of the preliminary view that
For the notification of IMT station that uses an antenna which consists of an array of active elements operating in the frequency band 24.45 - 27.5 GHz, the Item Identifier 8AA “Power delivered to the antenna” (see RR Appendix 4 Table 1) shall be the value of an integrated power delivered by all active elements of that antenna or the “Total Radiated Power (TRP[footnoteRef:1]) of that station. [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 the verification of RR No. 21.5 regarding the notification of IMT station operating in the frequency band 24.45-27.5 GHz that uses an antenna which consist of an array of active elements, it may be necessary to introduce a correction factor to verify the value of Item Identifier 8AA in the RR APP 4
3) China supports APT to formulate common views as early as possible subject to discussion and agreement.

3.2 	Summary of issues raised during the meeting
· Regarding the 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, some APT Members are of the view that the value of total radiated power (TRP) within a reference bandwidth should be used as an alternative measure instead of the “power delivered to the antenna”. Further study is necessary to determine an applicable reference bandwidth.
· It was raised during the meeting that the term "reference bandwidth" is not clear. Further study is necessary to study further the proper wording of “reference bandwidth”, such as, an applicable reference bandwidth, applied as a scaling or adjustment factor/adjustment factor/bandwidth factor/correction factor. 
· There is a view that there is no need to provide any additional information for the notification of IMT stations that use an antenna that consists of an array of active elements given the data items already provided in RR Appendix 4 (i.e. data item 8B).
· Some APT Members are of the view that the concept of the term “reference bandwidth” above is similar to the one used in RR No. 21.16. It should be included in the APT Preliminary Views section. 
· The notification method was also discussed. It was mentioned that a document for notification method was submitted to this meeting. 
· It was also pointed out by APT Members that clear understanding of the terms of “transceiver unit” from ITU-R Report M.2334 and “transmitter” from RR No. 21.5 would help the discussion.
· APT Members recognize the guidance of note from the Chairmen of Study Group 4 and Study Group 5 in Document 5D/407. Some APT Members support and follow the guidance provided by the note from the Chairmen of Study Group 4 and Study Group 5 in Document 5D/407 with reference to the protection of satellite services.
· It was raised that Appendix 4 (on page AP4-43) addresses the bandwidth unit.

4. 	APT Preliminary Views
APT Members 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 the guidance provided by the Chairmen of ITU-R Study Group 4 and 5.

APT Members are of the view that the ITU-R studies should address the matters being raised so far and prepare solutions which provide regulatory provisions/measures for the operation of terrestrial IMT and space services and their future development in a balanced and fair manner.

5. 	Other View(s) from APT Members
Regarding the 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, some APT Members are of the view that the value of total radiated power (TRP) within a reference bandwidth should be used as an alternative measure instead of the “power delivered to the antenna”.

6. 	Issues for Consideration at Next APG Meeting
· APT Members are encouraged to submit their contributions to future APG meetings taking into account progress of ITU-R studies.

7. 	Views from Other Organisations (as provided in the information documents to APG23-2 and APG23-3)
7.1 	Regional Groups
7.1.1 	CEPT - Document APG23-3/ INF-20
Issue A: 
CEPT is considering whether the same approach as for Issue B 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 B (verification of No. 21.5): 
For the purpose of verification of RR No. 21.5 in the notification of IMT stations that use an array of active elements under the provision of RR 2020 Edition (i.e. in the frequency band 24.45‐27.5 GHz), CEPT is of the view that the "power delivered to the antenna of a station” in RR No. 21.5 can be considered as the “total radiated power” (TRP). An adjustment factor to the TRP needs to be applied depending on the bandwidth being considered in the RR No. 21.5 limit. TRP is defined as the integral of the power transmitted from all antenna elements in different directions over the entire radiation sphere. A remark could be added in the assignment record to indicate the need to review the finding with the WRC‐23 decision.
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, 48.2‐50.2, 50.4‐51.4 GHz
CEPT will assess whether the limit in 21.5 has to be adapted for the frequency bands above 29.5 GHz (see Issue A).

7.1.2 	RCC - Document APG23-2/INF-36
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 ASS 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 the IMT station with AAS.
Issue C - Table 21-2 of RR Article 21
Add frequency band 24.45-27.5 GHz allocated to the mobile service by WRC-19 to the Table 21-2 of RR Article 21.

7.2 	International Organisations
7.2.1 WMO - Document APG23-3/INF-01
WMO Position on WRC-23 agenda item 9 on Article 21
WMO supports studies 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 for IMT stations with AAS with respect to RR No 21.5 in the frequency band 25.5-27 GHz before an appropriate competent WRC decision will be taken.

____________

	Contact:
	Dong Zhou
Chair, DG No.21.5
	Email:
zhou.dong1@zte.com.cn 
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1	Introduction

During the last virtual meeting of Working Party 5D, several contributions were received that progressed the discussion regarding RR Article 21.5 (see WRC-19 Document 550). WRC-19 Document 550, “Note by the Chairman of Ad Hoc Group 4A of Plenary on agenda item 1.13 “Verification of No. 21.5 for the notification of IMT stations operating within the 26 GHz frequency range which use an antenna that consist of an array of active elements”” highlighted two tasks that required additional studies:

1	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 RR Table 21-2 related to terrestrial and space services sharing frequency bands.

2	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.

As presented in Documents 5D/181 and 5D/285, no changes are necessary to RR No. 21.5 when considering IMT stations that use an antenna that consists of an array of active elements. Furthermore, there is no need to provide any additional information for the notification of IMT stations that use an antenna that consists of an array of active elements given the original wording of RR No. 21.5.

2	Discussion

RR Article 21.5 puts a limit for power delivered by a transmitter to a radiating object (an antenna), in other words conducted power. Precisely, it states (bold added for emphasis):

	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)

In the case of terrestrial stations, RR Article 21.5 does not introduce any restrictions on the type of antenna or transmitter structure. It applies uniformly whether you are using a passive or active antenna (e.g. AAS for IMT BS). Furthermore, it has never been the intention or the decision of previous WRCs to limit or regulate the type of antennas used by radiocommunication services, but rather allow innovation to find ways for new technological advancements to conform to the regulations.

2.1	IMT base station architecture

Report ITU-R M.2334 “Passive and active antenna systems for base stations of IMT systems” provides detailed information on the definitions of antenna systems, associated components, terminology and functional structure of implementations of both active and passive IMT base stations. 

Passive antenna systems

In defining passive antenna systems, the Report notes:

	“Each column of a traditional base station antenna array is driven by only one active transceiver. The passive smart antenna of a traditional base station has beamforming capabilities, but it is limited due to being implemented in analogue phase shifters whose effects apply to the whole bandwidth of the antenna.

	The typical RF structure of traditional passive antenna systems is given in Fig. 1.”

Figure 1

[bookmark: _Hlk78469235]An example RF structure of traditional passive BS antenna systems

[image: Diagram

Description automatically generated]

As it can be seen in Figure 1, the base station Baseband Unit (BBU) connected to the Remote Radio Unit (RRU) can support multiple transmitters, two in the example in figure 1, with each transmitter connected to the passive antenna array to create diversity, e.g. polarization diversity.

RR Article 21.5 puts a limit on the power delivered by a transmitter to a radiating object (an antenna), in other words conducted power. The term Conducted Power is widely used in reference to the output power of a transmitter before it is delivered to the radiating structure. As such, this quantity is equivalent to the output power of a Power Amplifier (PA), which is generally the final active component of a transmitter, minus the losses caused by any other components between the PA and the antenna sub-system, e.g. filters, dividers, etc. This power is generally sent to the radiating structure via transmission lines, e.g. waveguides, coaxial cables, microstrip line, etc. Conducted power is, therefore, specified and measured right before it is delivered to the transmission line leading to the radiating structure.

Conducted power of a transmitter is generally not the same as the power input to the antenna. This is simply because a transmitter could feed multiple antennas through a feed network, as can be seen in Figures 1 and 2 of Report ITU-R M.2334. It is therefore quite natural for the Radio Regulations to define several power-related terms in the form of power delivered to the transmission line as opposed to power delivered to the antenna. RR No. 1.156 states:

	1.156 	power: Whenever the power of a radio transmitter, etc. is referred to it shall be
expressed in one of the following forms, according to the class of emission, using the arbitrary
symbols indicated:
– peak envelope power (PX or pX);
– mean power (PY or pY);
– carrier power (PZ or pZ).

The Radio Regulations then proceed to define how different forms of “power” are to be referred to in RR Nos. 1.157 to 1.159. Bolds are added for emphasis.

	1.157 	peak envelope power (of a radio transmitter): The average power supplied to the antenna transmission line by a transmitter during one radio frequency cycle at the crest of the modulation envelope taken under normal operating conditions. 

	1.158 	mean power (of a radio transmitter): The average power supplied to the antenna transmission line by a transmitter during an interval of time sufficiently long compared with the lowest frequency encountered in the modulation taken under normal operating conditions.

	1.159 	carrier power (of a radio transmitter): The average power supplied to the antenna transmission line by a transmitter during one radio frequency cycle taken under the condition of no modulation.

In all cases, the power delivered to the antenna is defined as the power supplied to the “transmission line” of the antenna. Different types of antennas use different forms of transmission feed lines from waveguides to coaxial cables to microstrip lines and thru-feeds. No matter what type of transmission line is used, the power delivered to the antenna is what is being carried from the transmitter to the antenna through “the antenna transmission line”.

What creates interference from any one service to other services is not the conducted power but radiated power, which is the product of the conducted power (“delivered by a transmitter to the antenna”) and the antenna gain, often expressed as equivalent isotropically radiated power (e.i.r.p.). It should be noted that RR No. 21.3 sets a limit of +55 dBW on the radiated power of a station: 

	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.

In this context, it is important to understand the relationship between a “transmitter” (RR No. 21.5) and a “station” (RR No. 21.3) in the ITU-R Radio Regulations (RR). RR No. 1.61 defines a station (bold again added for emphasis).

	1.61 	station: One or more transmitters or receivers or a combination of transmitters and receivers, including the accessory equipment, necessary at one location for carrying on a radiocommunication service, or the radio astronomy service. 

Figure 1A is a reproduction of Figure 1 in Report ITU-R M.2334 with additions calling out the above concepts from the Radio Regulations Articles in the case of a passive IMT base station. 

FIGURE 1A

Redrawing of Figure 1 by adding pointers to various quantities
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In the context of the structure presented in the example in figure 1A, therefore, the following observations are made:

–	There are two conducted power quantities, marked as Ptx,1 and Ptx,2 (each must comply with RR No. 21.5).

–	e.i.r.p., measured in the far field as a function of the angle towards the antenna (must comply with RR No. 21.3).

–	TRP measured over a sphere surrounding the antenna is the sum of Ptx,1 and Ptx,2 minus all the losses from cables, dividers, feed lines, and antenna

For the notification of any IMT station using a passive antenna system, including, for example, a 3-sector LTE (4G) base station, in order to properly notify such stations to the ITU, conducted power or the power delivered by each transmitter to each antenna (8AA in RR Appendix 4 Table 1) and radiated power (8BB) are provided for each transmitter in each sector.

Active antenna systems

Report ITU-R M.2334 defines an active antenna system and its associated components generally as:

	“An active antenna implementation in a base station may incorporate many different forms of smart antenna implementation, such as beam forming and/or MIMO with spatial multiplexing. An active antenna implementation is differentiated from transmit diversity systems in that the propagation patterns from its antenna elements are at least partially correlated such that spatial beam forming patterns may be generated. To characterize an active base station antenna that is inclusive of all possible implementations, adoption of reference architecture is needed to serve as a common baseline.

The radio architecture is represented by three main functional blocks, the transceiver unit array (TXRUA), the radio distribution network (RDN), and the antenna array (AA). The transceiver units (TXRU) interface with the base band processing within the base station, which depending on implementation may also influence the radiated beam pattern.

The TXRUA consists of multiple transmitter units (TXU) and receiver units (RXU). The transmitter units take the baseband input from the base station and provides the RF TX outputs. The RF TX outputs may be distributed to the AA via a RDN. The RXU take the RF inputs from the antenna elements to which they are mapped and provide input to the baseband processing. The number of transmitters and the number of receivers may be unequal.

The RDN, if present, performs the distribution of the TX outputs into the corresponding antenna paths and antenna elements, and a distribution of RX inputs from antenna paths in the reverse direction. Note that the groups antenna elements involved in the TX and RX directions may be the same for each direction, may be partially the same or may differ.

Figure 2 describes a general radio architecture that is generic to all types of active antenna system structures.

[bookmark: _Hlk78469069]Figure 2

General radio architecture of AAS
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An active base station antenna may integrate the RF power amplifier, the low-noise amplifier (LNA), the power supply system, the detection and control system, and may also incorporate the baseband processor system.”

A transceiver or TX can be defined[footnoteRef:1] as “a radio transmitter-receiver that uses many of the same components for both transmission and reception.” [1: 	https://www.merriam-webster.com/dictionary/transceiver.] 


Active Antenna Arrays are implemented using RFICs (radio-frequency integrated circuits) which integrate transceivers (with a complete RF chain, including converters, amplifiers, filters, etc.) with transmission lines feeding radiating elements. These allow simultaneous operation in different frequency ranges, as well as the use of multiple antennas or antenna configurations. The main advantage of AAS antennas is to confine the energy in narrow beams which is achieved by adding signal from each element with different phases.

Figure 3 is a redrawing of Figure 2 with identifying various components of the base station utilizing AAS, e.g. transmitters, as well as pointers to various quantities and their applicable reference points. For the application of RR Articles 21.3 and 21.5, the logic and original language applies in the same way for both passive and active antenna systems. 

Figure 3

General radio architecture of AAS and the application of RR Art. 21.3 and Art. 21.5
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2.2	Applying RR No. 21.5 to IMT base station

Item 8AA in RR Appendix 4 is described as “power delivered to the antenna” and meant to reflect notification of conducted power. The value reported in 8AA is expected to be checked against RR No. 21.5. However, the description of 8AA in Appendix 4 lacks two key terms, i.e. “by a transmitter” and “transmission line”. 

Omission of “a transmitter” – Even though this omission might seem trivial, it does not reflect the language of No. 21.5 of the Radio Regulations. While this deviation from the RR No. 21.5 language is unimportant for systems with one transmitter, there could be significant deviation in other cases. As we can see in Figure 1 and Figure 1A, for example, “the power delivered by a transmitter to the antenna” (Ptx,1 or Ptx,2) is not the same as “the power delivered to the antenna” (Ptx,1 + Ptx,2). The difference becomes starker as the number of transmitters increases. If necessary, the description of item 8AA may need to be modified to reflect the exact language of RR No. 21.5.

Omission of “transmission line” – According to RR No. 1.156, the power of a transmitter must be referred to in one of three forms. This is not followed by the language in Appendix 4, item 8AA. For all power categories envisaged, it is clear that the power is the one delivered to the transmission line, and not the power reaching the antenna. Currently, the language in 8AA may need to be aligned with RR No. 1.156.

Therefore, in order to stay faithful to intention of RR No. 21.5, for systems utilizing AAS, the limit in RR No. 21.5 for IMT stations, which is defined as “the power delivered by a transmitter to the antenna of a station in the fixed or mobile services,” should be regarded as the power delivered by a single TRX to the transmission line of the antenna of an IMT station, as illustrated in Figure 3. Interpreting RR No. 21.5 as the TRP resulting from ALL transmitters of a station violates the language and intent of No. 21.5 of the Radio Regulations. As the number of transmitters increases, the total power delivered to the “station” might, or might not, increase but it stays bounded by the limits on radiated power of a “station” provisions of RR No. 21.3. Therefore, no changes are needed to No. 21.5 of the Radio Regulations to address the applicability to IMT stations using AAS.

3	Comments on other proposals to change RR No. 21.5 applicability

During the discussions on this topic, proposals have been put forward with a view to change and modify the applicability of RR Article 21.5, modifying its applicability to “total radiated power” and adding a verification element and adjustment factor based on a reference bandwidth. Various bandwidth factors have been proposed, ranging from 1 MHz, a bandwidth X (for example, 28 or 56 MHz) to 200 MHz (see Studies 1 – 3 in Annex 4.5 to Document 5D/716). In response to these proposals and the so called “bandwidth factor,” the co-signing Administrations have the following comments for consideration:

–	The approach presented by the co-signing Administrations ensures the same protection levels for space services based on the limits listed in RR Nos. 21.3 and 21.5. In addition, this approach is based on the original intent and consistent application of these provisions by the BR and does not impose any additional constraints on IMT operations.

–	Setting an arbitrary limit for the “bandwidth factor” penalizes those countries who may deploy smaller bandwidths. For example, in portions of these bands the USA has auctioned 100 MHz license blocks. Other countries may decide to vary the license block size based on incumbent use or targeted auctions for smaller operators (e.g. 50 MHz block size). Additionally, a licensed operator could benefit from splitting its license block to smaller bandwidths in interference-limited scenarios, e.g. dense areas. Using a 200 MHz bandwidth factor means that if an operator was limited to a 50 MHz block size domestically, the total allowed conducted power would be 4 dBW.

–	Setting the limit at 200 MHz could mean that operators with less financial resources who cannot afford to win 200 MHz or larger license blocks in auctions (or applicable domestic licensing process) will be penalized even more because of the additional limit on TX power. 

–	Setting an arbitrary bandwidth limit will encourage the utilization of larger and larger bandwidths instead of promoting more spectrally efficient technology advancements to effectively do more with less bandwidth. As noted previously, it has never been the intention or the decision of previous WRCs to limit or regulate the type of antennas used by radiocommunication services, but rather allow innovation to find ways for new technological advancements to conform to the regulations. The preamble of the Radio Regulations No. 0.2 states: 

	0.2	Members* shall endeavour to limit the number of frequencies and the spectrum used to the minimum essential to provide in a satisfactory manner the necessary services. To that end, they shall endeavour to apply the latest technical advances as soon as possible (No. 195 of the Constitution of the International Telecommunication Union (Geneva, 1992)).

For these reasons, this alternate approach to the current text in RR No. 21.5 introduces new burden to IMT operations during the notification process. It is important to remember that based on the sharing studies conducted in advance of WRC-19, for the 24.25-27.5 GHz band, Resolution 242 (WRC-19) and Resolution 750 (Rev.WRC-19) were adopted to ensure the protection of incumbent services operating on a primary basis. In reviewing the notification process for IMT stations using AAS, no additional burden should be introduced on IMT stations operating in conformance with the Radio Regulations.

4	Active antenna systems used various services/applications

While there has been a focus within Working Party 5D on IMT use of AAS systems in order to more effectively operate in mmW bands, it should be noted that the use of AAS antenna technology and design is not limited to IMT. Other applications of the mobile service, including aeronautical, maritime mobile and HIBS, fixed service and HAPS, and satellite service operations like ESIMs use similar antenna systems. While the scope of this study is focused solely on the notification of IMT station using AAS in the 26 GHz band, it is important to take into account the general nature of the Radio Regulations, especially in RR Article 21 which are often defined in broad application. It is noted that both fixed and mobile stations must comply with the limits in RR Article 21. 

5	View

Based on the above discussion, no changes are necessary to RR No. 21.5 when considering IMT stations that use an antenna that consists of an array of active elements for the band 24.45‑27.5 GHz. Furthermore, there is no need to provide any additional information for the notification of IMT stations that use an antenna that consists of an array of active elements given the data items already provided in RR Appendix 4 (i.e. data item 8B). For the application of conducted power (i.e. data item 8AA) for RR No. 21.5 for IMT stations using an antenna that consist of an array of active elements, “the power delivered by a transmitter to the antenna of a station” is the power delivered by a single transmitter to the transmission line of the antenna of an IMT station (as is the case in both passive and active antenna systems). 





______________
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[bookmark: dbreak]ATTACHMENT 2



1	Discussion

While it is expected WP 5D will improve the current working document, the Document 5D/716 Chapter 4 - Annex 4.5 - Working document toward a draft Note to the Director of the Radiocommunication Bureau - Verification of RR 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, it should be noted that the Annex 4.5 was submitted to SWG Sharing from the last meeting of DG 21.5, which is a different structure of working document that had been discussed in DG 21.5 during 38th WP 5D meeting.

1.1	Origin of WRC-19 Document 550

It is worth revisiting the reason (both of technical and regulatory aspects) why those two studies in WRC-19 Document 550 are concerned.

It should be noted that the issue presented in WRC-19 Document 550 is not the equivalent of a standard WRC agenda item, which normally has an associated Resolution to frame the requisite ITU-R studies and discussions.  This issue has been tasked under WRC-23 agenda item 9.2 and is strictly limited to the Report of the Director on any difficulties or inconsistencies encountered in the application of the Radio Regulations and the comments from administrations. Therefore, it has taken some time for Administrations to fully understand exactly what the WRC-19 Document 550 states, how the study would proceed to resolve the concerns and the possible broader impact of any modifications to the generic regulations contained in Article 21.

Based on the input contributions to WP 5D, the followings are quoted among others:

· “For these satellite uplink bands, the limits on the Base Station uplink power are important elements in protecting satellite reception. RR No. 21.5 applies to terrestrial stations in bands which are shared on a primary basis between satellite and terrestrial services, in order to provide the basis for such limitation. However, RR No. 21.5 considers only the conducted “power delivered by a transmitter to the antenna of a station in the fixed or mobile services”.” (Doc. 5D/287)

· “Due to the technical specificities of the active antennas used by the newly identified services, there is no means of measuring the conducted power as such (no antenna port). During discussions regarding the 26 GHz band at WRC-19, it was proposed to apply RR No. 21.5 on the basis of Total Radiated Power (TRP).” (Doc. 5D/287)

· [bookmark: _Hlk80993769]“Moreover, RR No. 21.5 does not specify any bandwidth, whereas the interference potential is more related to the power spectrum density than to the (total) power of the transmitter. (Doc. 5D/287)”

· “BR, when receiving notification for the IMT stations with AAS, shall verify their conformity with RR Nos. 21.3, 21.4 and 21.5, if the stations operate in the bands listed in Table 21-2.” (Doc. 5D/696)

· [bookmark: _Hlk77925565]“The notification and verification for such stations for compliance with RR No. 21.5 are currently not possible as the relevant Item 8AA of RR Appendix 4 Table 1 “Power delivered to Antenna” is not applicable for IMT stations with AAS.” (Doc. 5D/172R1)

In summary, the following points, in our understanding, constitute the origin why the ITU-R was invited to study this matter.

1. RR No. 21.5 specifies the limits of the conducted power, and there is no means of measuring such conducted power of stations using AAS. Some Administration believes the current 8AA is also not applicable to verify the notification of IMT Base station with AAS, because 8AA is described as ‘Power delivered to antenna’.

2. Furthermore, RR No. 21.5 does not specify any bandwidth, whereas the interference potential in some cases could more be related to the power spectrum density than to the (total) power of the transmitter.

3. It was assumed by certain administrations that the conducted power delivered by a transmitter to antenna would be similar with the value of TRP, which can only be measured for the station, but then as a new step the antenna efficiency and bandwidth factor needs to be considered in the application of RR No. 21.5. 

4. It was then proposed by some Administration that 8AA and RR No. 21.5 be modified to reflect TRP and bandwidth factor to protect satellite reception and for the verification.

1.2	Consideration

1.2.1	General regulatory aspects:

It is true that RR No. 21.5 (with associated data item 8AA) regulates the transmitter output power, which is also called ‘conducted power’. Furthermore, RR No. 21.5 shall be applied to those stations which are specified by the relevant RR provisions and relevant conditions specified by RR Appendix 4, respectively. 

It means RR No. 21.5 and 8AA shall be applied not only to IMT stations but also to all other stations specified by the relevant provision of RR. 

Furthermore, RR No. 21.5 has functioned properly for more than 50 years to ensure the reception by space stations where frequency bands are shared with equal rights with the fixed and mobile services. Any modification of RR RR No. 21.5 may cause unexpected consequences such as the limitation of development of terrestrial systems in future and those satellite systems which uses AAS antenna as well.

1.2.2	TRP in Radio Regulations (edition of 2020)

[bookmark: _Toc39649603]At WRC-19, total radiated power (TRP) was introduced in the footnote 1 to Table 1 of Resolution 243 (WRC-19) and notes to Table 1 of Resolution 750 (Rev.WRC‑19) as follows, respectively:

TABLE 1

		Frequency band for the EESS (passive)

		Frequency band for IMT stations

		Unwanted emission mean power for IMT stations1

		Recommended limits for IMT stations1



		36-37 GHz

		37‑40.5 GHz

		−43 dB(W/MHz) and

−23 dB(W/GHz) within the frequency band 36-37 GHz

		−30 dB(W/GHz)





1	The unwanted emission power level is considered in terms of total radiated power (TRP). The TRP is to be understood here as the integral of the power transmitted from all antenna elements in different directions over the entire radiation sphere.

TABLE 1

		EESS (passive) frequency band

		Active
service frequency band

		Active service

		Limits of unwanted emission power from
active service stations in a specified bandwidth
within the EESS (passive) frequency band1





Notes to Table 1:

1	The unwanted emission power level is to be understood here as the level measured at the antenna port, unless it is specified in terms of total radiated power (TRP).

5	The unwanted emission power level is considered in terms of TRP. The TRP is to be understood here as the integral of the power transmitted from all antenna elements in different directions over the entire radiation sphere.



In both of these occurrences, TRP is applied to the case of unwanted emission power, not for the case of in-band power of systems or stations. RR No. 21.5 applies as the in-band, conducted power, therefore the above-mentioned of TRP does not apply for RR No. 21.5 (or data element 8AA). Also, the TRP limit in the 1 above, applies to radiations from the entire station and not any single transmitter, as is the case in RR No. 21.5 (“The power delivered by a transmitter to the antenna of a station in the fixed or mobile services”). In case of many modern systems (IMT but also applications of other services) having several transmitters at a station sharing antennas is becoming quite common with the expanded use of antennas using an array of active elements.  The current applicability of RR No. 21.5 will continue to apply to these stations on a transmitter basis. 

It should be noted that the protection of space receivers is ensured by RR No. 21.3, which sets the radiated power limit of the entire terrestrial station: 

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

1.2.3	For Notification through data element 8AA

With respect to the stated need from some administrations on measuring conducted power in the field for stations with AAS, it is noted that field verification of the radiated interference power whether in the form of EIRP or TRP is not the responsibility of the ITU-R BR. Rather, verification and/or certification processes is performed by administrations and respective regulatory authorities within their countries. 

In order for an Administration to verify the conducted power of the transmitters at a station through data element 8AA, a simple check could be performed without the need to make any changes to the BR software. The information on the number of transmitters of the AAS for a BS station are available from national conformance and certification process and/or from documents provided by manufacturers and/or from the measurement by the regulatory authority.

Therefore, using the measured TRP value of the entire station available through declaration/certification or through measurements around the radiating structure, it should satisfy the following conditions:



	L: 	loss of antenna; the value of loss is dependent on manufacturing, but can be assumed up to 3 dB.

Therefore, as described above, there is a simple way for administrations to check compliance with RR No. 21.5 through measurements/certification of TRP for any given terrestrial station within their territories. However, RR is not the right place to consider such manufacturing issues.

1.2.4	Bandwidth or bandwidth factor

With regard to the bandwidth factor, as addressed in the companion document, there can be a variety of non-uniform bandwidth allocations made by administrations for spectrum licenses based on national considerations such as availability of spectrum and other factors.

There have been input contributions to WP 5D that propose to apply a single, defined bandwidth or bandwidth factor to 8AA. Based on some of the assumptions used in ITU-R Task Group (TG) 5/1 studies, some administrations have proposed a 200 MHz bandwidth factor.  However, in many countries, spectrum is being assigned in 100 MHz (or even 50 MHz) blocks. 

Furthermore, it should be noted that as addressed in footnote 2 to the Table A, B, C and D of RR Appendix 4 ( in page AP4-43), for carriers at or above 15 GHz, the power density is averaged over the worst 1 MHz band. (WRC-12), provisions in RR regarding the bandwidth of spectrum density for satellite address by 1 MHz over 15 GHz. (for below 15 GHz, it is 4 kHz). 

These bandwidth factors of 4 kHz or 1 MHz has been used for protection of satellite regardless of what bandwidth is used for satellite reception.

1.2.5	Step approach

It is understood that Step 1 is dealing with verification of RR No. 21.5 regarding the notification of IMT station and Step 2 will consider the applicability of RR No. 21.5. 

While WP 5D is now working on Step 1, study results of Step 1 would impact to the study of Step 2, as indicated in many input contributions. Therefore, it should be kept in mind that the discussion on Step 1 would not be independent of Step 2 discussion.

1.2.6	Current working document (Annex 4.5 of Doc. 5D/716) on Step 1

The Annex 4.5 of Document 5D/716 consists of two “approaches,” which are in section 2.1: 

· Approach 1: TRP with a reference bandwidth and in section 2.2. 

· Approach 2: Conducted power delivered by a single transmitter.   

While it is understandable that these two approaches need to be discussed further and then WP 5D may need to address the study results, but it is not clear why the section title is headed by ‘Approach 1’ and ‘Approach 2’. Would this be interpreted as one of approaches should be selected? Multiple approaches may imply literally that the selection among such multiple approaches is required. However, in our view, ‘Approach 2’ is the exact wording of RR No. 21.5 whereas ‘Approach 1’ is only a new interpretation of the RR without justification. We prefer that the fact that conducted power delivered by a single transmitter is the actual wording of the RR No. 21.5 is clearly acknowledged in WP 5D working document and it is not an optional approach. We propose that ‘Approach’ is replaced with another word such as ‘Study Item.’ 

2	Views 

It seems that any substantial modification of RR No. 21.5 and/or 8AA would be ‘To take a sledgehammer to crack a walnut’ and could potentially add more burden to terrestrial operations which are allocated on a co-primary basis while not affording any additional protection to satellite services (see RR No. 21.3).   

________________
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