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[bookmark: _Toc56006326][bookmark: _Toc57809583]Introduction 
The Australian Communications and Media Authority (ACMA) develops a technical framework for every band subject to spectrum licensing. Each framework is a collection of technical and regulatory conditions applicable to the use of radiocommunications devices in the spectrum-licensed band. The purpose of the technical framework is to define the technical conditions and constraints under which a device may be deployed and operated within the specified geographic area and frequency band of the licence.
Although the technical framework is optimised for technologies, or services most likely to be deployed in the band, it is intended to be technology flexible. This means licensees can operate any type of radiocommunications device for any purpose, provided they comply with the technical framework relevant to the licence. 
The frequency range 2302–2400 MHz (the 2.3 GHz band) was designated for the issue of spectrum licences in the whole of Australia as shown in Figure 1. The most recent modification of the technical framework of the 2.3 GHz band was finalised in 2015. This optimised use of the band for 4G technologies. Since then, 5G standards and Advanced Antenna Systems (AAS) have been introduced and are now commercially available in the 2.3 GHz band. Therefore, it was requested by stakeholders to revise the 2.3 GHz technical framework to account for these developments. 
The ACMA has stated its intention to progressively review the technical framework for all spectrum licensed bands, in the Five-year spectrum outlook 2019–23 (FYSO 2019–23). 
To assist with this work, the ACMA formed the 2.3 GHz Technical Liaison Group (TLG). Members of the TLG included 2.3 GHz spectrum licensees, manufacturers, and adjacent band Television Outside Broadcasting apparatus licensees. 
The purpose of this paper is to summarise changes to the 2.3 GHz band spectrum licence technical framework proposed by the TLG. 


2.3 GHz band spectrum licence areas.
[image: Figure 1: 2.3 GHz band spectrum licence areas.]
[bookmark: _Toc56006327][bookmark: _Toc57809584]Outline
This paper has been divided into discussion on the relevant instruments that form a spectrum licence technical framework:
Spectrum licence:
unwanted emission limits
other conditions on the licence.
The s.145(4) determination on unacceptable levels of interference:
the device boundary criteria (controlling emissions across geographical boundaries)
deployment constraints.
Advisory guidelines made under s.262:
managing interference from spectrum licensed transmitters to the following:
point-to-point fixed services operating in the frequency band below the 2.3 GHz band
space research, space operations and earth exploration-satellite service receivers operating in the 2200–2300 MHz band
mobile services operating in the band below the 2.3 GHz band
television outside broadcast services authorised by the Television Outside Broadcast Service (1980–2110 MHz and 2170–2300 MHz) Frequency Band Plan 2012
class licensed services operating under the Low Interference Potential Devices (LIPD) class licence in the 2400–2483.5 MHz band
radio-astronomy services operating on an opportunistic basis in the frequency bands specified in Australian Footnote AUS87 of the Australia Radiofrequency Plan
 managing interference to spectrum licensed receivers.
A draft version of the s.145(4) determination is provided in the separate document, Draft Radiocommunications (Unacceptable Levels of Interference — 2.3 GHz Band) Determination 2013.

An update to Radiocommunications Advisory Licensing Instructions (RALI) FX 21 may also be required pending the outcomes of the consultation process. Should the consultation process support the proposed changes to out-of-band (OOB) emission limits for 2.3 GHz spectrum licence services, amendments to the RALI FX 21 will be required to align with the confirmed amendments in the 2.3 GHz spectrum licence.
[bookmark: _Toc56006328][bookmark: _Toc57809585]Scope 
This paper is focused on modifying the technical framework for the areas and frequencies subject to spectrum licensing in the 2.3 GHz band to cater for the use of 5G technologies including active antenna systems. 
[bookmark: _Toc56006329][bookmark: _Toc57809586]Timeline 
The proposed timeline for updating the 2.3 GHz technical framework is:
	Key steps
	Proposed Date

	TLG process
	April 2020 to November 2020

	Public consultation on the draft updates to the following technical framework instruments:
Draft spectrum licence
Draft update to Radiocommunications (Unacceptable Levels of Interference – 2.3 GHz Band) Determination 2013
Draft updates to relevant RALIs*
	Dec 2020 to Jan 2021

	Finalisation of technical framework
	Q1 2021


* Consultation on the draft updates to the relevant RALIs may occur at a later point depending on when discussion on them is finalised within the TLG.
It is noted that: 
the TLG is just the first step in the process of developing a technical framework. The ACMA will use the outcomes of the TLG to publicly consult on the relevant instruments that will form the 2.3 GHz band technical framework. This means TLG members will be able to provide comments on the technical framework both as part of the informal TLG and subsequent formal public consultation processes
a TLG is a short-term advisory body convened by the ACMA. Its purpose is to provide advice on the development of, or possible changes to, a spectrum or apparatus licence technical framework. While the ACMA strives to achieve consensus with members, the final decision on the content of, or changes to, a spectrum or apparatus licence technical framework rests with the ACMA. This is particularly relevant in cases where consensus cannot be achieved on an issue or advice from the TLG is not provided within a reasonable time frame.
[bookmark: _Toc56006330][bookmark: _Toc57809587]Legal review 
It is noted that the draft instrument at appendix C has not undergone legal review. It is possible there could be changes to the text in the draft instruments after such a review has been conducted. 

[bookmark: _Toc56006331][bookmark: _Toc57809588]Discussion on proposed technical framework
[bookmark: _Toc298924672][bookmark: _Toc300909555][bookmark: _Toc348105636]A technical framework consists of three interlocking regulatory elements provided for under the Radiocommunications Act 1992 (the Act):
The conditions specified on the spectrum licence—in particular, the core conditions that define the spectrum space (both frequency and geographical area) and the level of emissions permitted inside and across the frequency boundaries of the licence (section 66 of the Act). 
A determination of unacceptable interference for the purpose of device registration in each band (section 145 of the Act). This defines permissible levels of emissions across geographical licence boundaries and can also define various deployment constraints.
Radiocommunications advisory guidelines (RAG) that provide assistance and advice for coordination with stations in other services when and where required (section 262 of the Act). This includes detailing interference management criteria with incumbent apparatus and other spectrum licences. 
A more comprehensive explanation of spectrum licence technical frameworks is provided in the document Know your obligations—Spectrum licensees.
This section of the paper considers the development of each of these components. This would normally include the standard trading unit and minimum contiguous bandwidth, however, as these will not change, they are not discussed. 
[bookmark: _Toc56006332][bookmark: _Toc57809589]2.3 GHz band spectrum licence technical framework
The current 2.3 GHz spectrum licence technical framework is optimised for TDD technologies. The ACMA believes that the same arrangement is appropriate for future use of this band. 
The relevant 2.3 GHz band technical framework instruments are:
Spectrum Licence (current licence holders and copies of licences)
Radiocommunications (Unacceptable Levels of Interference – 2.3 GHz Band) Determination 2013
Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters — 2.3 GHz Band) 2013
Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2.3 GHz Band) 2013.
Details of the TLG process (including relevant papers) that developed the current 2.3 GHz band technical framework are available on the ACMA website.
[bookmark: _Toc403740552][bookmark: _Toc404333447][bookmark: _Toc444690625][bookmark: _Toc56006333][bookmark: _Toc57809590]Conditions on the spectrum licence
Each spectrum licence includes both core conditions and statutory conditions specified under relevant sections of the Act. The Act also provides that other specific conditions may be included by the ACMA.
Core conditions—required under section 66, these conditions define the spectrum space within which the licensee is authorised to operate radiocommunications devices under the licence, and the maximum permitted level of radio emissions inside and outside the band. These conditions are included in all spectrum licences.
Statutory conditions—required under sections 67 to 69A, these conditions include information about payment of charges, use by third parties, residency, registration of transmitters and devices exempt from registration. These conditions are included in all spectrum licences.
Other conditions—conditions placed on licences under section 71 generally provide for the efficient management of the spectrum and administration of the Act. These conditions may vary from one band or licence to another.
The core conditions of a spectrum licence form the fundamental building blocks for operation of a spectrum-licensed device, and for managing interference with adjacent frequency bands and geographic areas. Section 66 of the Act states spectrum licences must specify the following core conditions:
the part or parts of the spectrum in which operation of radiocommunications devices is authorised under the licence (frequency range of operation)
the maximum permitted level of radio emission, in parts of the spectrum outside the frequency range specified on the licence, that may be caused by operation of radiocommunications devices under the licence (outside-the-band emission)
the area within which operation of radiocommunications devices is authorised under the licence (geographic area of operation)
the maximum permitted level of radio emission that may be caused by the operation of radiocommunications devices under the licence (outside-the-area emission).
[bookmark: _Toc506899797][bookmark: _Toc56006334][bookmark: _Toc57809591]In-band emission limits
Current 2.3 GHz band limits
The current in-band emission limits for 2.3 GHz band spectrum licences are:
23 dBm/5 MHz EIRP[footnoteRef:2] in the upper 5 MHz that is adjacent to another spectrum licence; [2:  Equivalent isotropic radiated power] 

Otherwise 68 dBm/5 MHz EIRP.
Proposed limits
Maximum in-band limit
The maximum conducted transmitter (Tx) power for fixed/mobile devices operating in the 2302-2400 MHz band recorded on the RRL is currently just under 48 dBm/5MHz while the average of Tx power is around 45 dBm/5 MHz. The maximum antenna gain of 25 dBi can also be found on the RRL[footnoteRef:3]. [3:  There are few records with antenna gain of up to 37 dB, but it is believed that this is a rare case and shouldn’t be considered as a general case. ] 

While traditionally emission limits in technical and regulatory frameworks have been defined in terms of EIRP, there is a general preference to define emission limits for services using AAS in the form of Total Radiated Power (TRP). This is considered to more accurately reflect and limit the risk of interference presented by AAS (refer to section 6.3.2.1 of ECC Report 281).  
Section 6.3.2.1 of ECC Report 281 provides a comparison on the use of TRP vs EIRP metrics to specify AAS emissions. Based on 3GPP studies[footnoteRef:4], it states that the impact of unwanted emissions on the adjacent mobile systems is best represented and limited by use of TRP. While these studies apply to mobile systems, similar logic is considered to apply to other services. In particular, it is considered this would apply to coexistence with other mobile/nomadic services such as TOB.  [4:  3GPP R4-168430, “On NRb BS ACLR requirement”, Huawei, 3GPP TSG-RAN WG4 Meeting #80bis, Oct. 2016] 

Importantly, it is not intended that use of TRP replace the need for spectrum licensees to coordinated with other services, with known locations, using actual EIRP values. This requirement, along with the defined protection criteria for other services will not change.  
The use of TRP also provides a level of flexibility to the technical framework that will help it accommodate future technologies. 
Considering the current EIRP in-band limit of 68 dBm/5 MHz, it was suggested and agreed by SLs that a value for TRP of 48 dBm/5 MHz is appropriate. This aligns with the in-band limit defined for the 3.4 GHz band. Adopting this level also ensures all existing registered devices operating in the 2.3 GHz band are encompassed by the change. 
Managing adjacent channel interference
The current 2.3 GHz band technical framework defines a 5 MHz block at the upper end of any spectrum licence that is adjacent to another spectrum licence where a lower in-band emission limit applies. The definition of this restricted block, in effect means that, unless frequency adjacent licensees can come to an agreement to synchronise their services (or some other agreement), there is a fall back solution to assist in the management of interference between adjacent channel unsynchronised services. 
However, this approach may not be the most spectrally efficient for emerging 5G technologies, particularly those making use of AAS. An alternative approach to manage adjacent channel interference could be adopted. 
The TLG proposed to remove the restricted block and instead adopt a similar synchronisation condition as implemented in the 3.4 GHz band.
The main reason for this change is that while was that 5 MHz spectrum was enough to mitigate unwanted interference between adjacent licensees in 4G/LTE systems, in the 5G standards due to the bandwidth of operation, 5 MHz is not sufficient to manage interference between adjacent licensees. There are also costs and other practical limitations on the amount of additional filtering that can be applied to AAS. 
The following clause is proposed for the synchronisation requirement among adjacent licensees: 
relevant band means the part of the spectrum from 2300 to 2400 MHz. 
special subframe configuration 6 means a special subframe configuration, as referred to in clause 4.2 of 3GPP TS 36.211, that is consistent with special subframe configuration 6, as referred to in Table 4.2-1 of 3GPP TS 36.211. 
uplink-downlink configuration 2 means an uplink-downlink configuration, as referred to in clause 4.2 of 3GPP TS 36.211, that is consistent with uplink-downlink configuration 2, as referred to in Table 4.2-2 of 3GPP TS 36.211.
Synchronisation Requirement  
If:
(a) interference occurs between:
     (i) a radiocommunications device (the first device) operated under this licence; and
     (ii) a radiocommunications device (the other device) operated under another spectrum licence  
           (the other licence);
(b) the level of interference to the first device or to any other devices exceeds the compatibility requirement set out in the Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2.3 GHz Band) 2013, as in force from time to time;
(c) either the licensee or the holder (or authorised third party) of the other licence wishes
to resolve the interference; and
(d) no agreement between the licensee and each person operating one or more other devices can be reached on how to manage the interference; then the licensee is required to manage interference by:
(e) either:
     (i) operating the first device with a frame structure that uses both uplink-downlink
         configuration 2 and special subframe configuration 6; or
     (ii) operating the first device using a sequence and duration of radio emissions that is
           consistent with those configurations (disregarding any time at which the device is not  
           making a radio emission); and
(f) synchronising the timing of the frame structure or other sequence of radio emissions
of the first device with the timing of the frame structure or other sequence of radio
emissions of each of the other devices (disregarding any device at a time at which the
device is not making a radio emission).

Note 1: A licensee may act in accordance with sub-condition 11(e)(ii) by operating a transmitter in a
manner that complies with the specification made by 3rd Generation Partnership Project numbered
3GPP TS 38.211 and published at www.3gpp.org.

Note 2: The synchronisation requirement only applies when an interference issue occurs and where there
is no other measure agreed to between the licensees to resolve the interference. This means
synchronisation can be done on a site/cell specific basis. During any period in which the licensee
and other licensee are taking steps to resolve the interference issue or synchronise, the ACMA
will generally give priority to the device registered first in time in any interference dispute,
meaning that device or devices registered later-in-time will generally be required to accept any
interference or cease causing interference during this time.  


[bookmark: _Toc506899798][bookmark: _Toc56006335][bookmark: _Toc57809592]

Unwanted emission limits
Existing unwanted emission limits that apply to 2.3 GHz band spectrum licences are reproduced at Appendix B.
Registered devices
Current 2.3 GHz band limits
A summary of issues raised by the TLG are:
The out-of-band emission limits in the 2290-2300 MHz band are much more restrictive than those defined in 3GPP standards. These limits were defined to provide a degree of coexistence with Television Outside Broadcasting (TOB) services operating in the 2170-2300 MHz band. 
The out-of-band emission limits in the 2300-2410 MHz band align with the E-UTRA category B limits defined in the 3GPP standard though a 17 dBi antenna gain is assumed to translate these limits from a conducted power to an EIRP limit[footnoteRef:5].  [5:  3GPP TS 36.104, available at: http://www.3gpp.org/DynaReport/36104.htm] 

The spurious emission limits align with the E-UTRA category B limits defined in the 3GPP standard. However, these are defined in terms of a conducted power.
For non-AAS it is possible for spectrum licensees to utilise extra filtering before the antenna module to reduce out-of-band emissions to the level that is stated in the licence conditions. However, the new AAS makes this extra filtering very difficult if not impossible to accommodate as they increase the size and cost of the antenna.   
To account for this, the TLG proposed to revise current 2.3 GHz band unwanted emission limits. The aim of the revision was to:
maintain protection/coexistence with adjacent band services
ensure existing devices deployed under the current 2.3 GHz band framework can continue operating unaffected
enable new technologies (e.g. 5G and AAS) to be deployed (or existing ones to be retuned if possible) anywhere in the 2302–2400 MHz
ensure support for multicarrier aggregation and larger channel bandwidths for UEs
avoid unnecessary costs and burdens on licensees to implement strict unwanted emission limits that are only required to enable compatibility in specific situations
align the way spurious emission limits are defined with international practice except where stricter limits are appropriate for coexistence with other services.
Proposed unwanted emission limits for registered devices inside the 2300–2410 MHz frequency band 
The TLG proposed adopting emissions limits that are specified in the 3GPP TS 36.104[footnoteRef:6] and also defining them in terms of TRP. 3GPP TS 36.104 limits apply to each individual transmitter, however TRP is a measurement of the emissions from all Tx associated with a device. Consequently, the ACMA proposed limits inside the       2300-2410 MHz frequency band  be based on those for a single Tx but defined in terms of TRP as shown in Table 1. Separate limits for AAS were not proposed.  [6:  3GPP TS 36.104, available at: http://www.3gpp.org/DynaReport/36104.htm ] 

Transmitter unwanted emission limits within the 2300–2410 MHz frequency band – registered non-AAS and AAS devices. 
	Frequency Range 
(foffset) [Note 1]
	Total Radiated Power (dBm) per cell/sector
	Measurement Bandwidth

	0 MHz ≤ foffset < 5 MHz
	-7 - (7/5) x (foffset)
	100 KHz

	5 MHz ≤ foffset < 10 MHz
	-14
	100 KHz

	10 MHz ≤ foffset 
	-15
	1 MHz


[bookmark: _Hlk55922174]Note 1: foffset is the frequency offset from the upper or lower frequency limits set out in Part 2 of Licence Schedule 1. The closest -3dB point of the measurement bandwidth to the upper or lower frequency limits is placed at foffset.
Note that the limits above work well when adjacent band systems are using the same technology and have synchronised operation as the requirement for synchronisation specified and discussed previously. 

Proposed unwanted emission limits for registered devices inside the 2290–2300 MHz frequency band
[bookmark: _Hlk55992161]Field trials were conducted to assess the change in interference environment on mobile/nomadic TOB operations below 2300 MHz when moving from non-AAS to AAS technologies. The non-AAS deployment used existing 4G equipment deployed under 2.3 GHz spectrum licences. This case provided a baseline for the existing interference environment. An AAS using 5G technology was positioned at the same site as the non-AAS deployment. This allowed the level of interference from the AAS deployment to be directly compared to non-AAS levels. 
The field trial assessed the impact on TOB services using 8 MHz channels centred at 2232 MHz, 2288 MHz and 2296 MHz. The non-AAS deployment used two 20 MHz channels centred at 2312 MHz and 2332 MHz. The AAS deployment used a single 40 MHz carrier centred at 2322 MHz. 
UE (User Equipment) was positioned at different locations and downloads were made to generate different loads on the base station. Tests on TOB devices were performed within the main beam and side lobes (main beam and off-beam) of the AAS and non-AAS deployments.
[bookmark: _Hlk55992227]The following observations were made during the joint testing:
There was no discernible difference between AAS and non-AAS operation on TOB receivers.
The quality of the TV footage provided by TOB systems was satisfactory at all test locations, base station load levels and frequency configurations.
Under high base station loads, there was some signal distortion detected on the TOB receiver. This was equivalent for the non-AAS (main beam & off beam) & AAS (main beam only). This interference could have been caused by TOB receiver blocking or nearby UE emissions. Despite this, TOB systems were still able to deliver satisfactory TV footage.
Under high loads, less signal distortion was detected off beam for AAS compared to the non-AAS off beam case. 
An additional test was performed where the user terminal remained in the main beam but was positioned closer to the TOB receiver. In this case the base station performance was maintained. The result of this test indicates that the TOB receivers may be more susceptible to interference from a UE than a base station when they are in close proximity. It is noted that no changes are proposed to the existing emission limits for UEs, as such this case was outside the scope of what was being tested. As it is a characteristic of the pre-existing coexistence environment, TOB operators will need to manage this were possible. This could include the application of RF filters and recommending camera operators do not carry or use mobile phones in close proximity to a TOB receiver. 
Informed by the outcomes of the trial[footnoteRef:7], it was determined that there was a strong case for amending the existing 2.3 GHz unwanted emission limits. [7:  The ACMA recognises the utility of trials where possible but also acknowledges that there are often limits to the conclusions that can be drawn from a trial and hence trial data is best used as a contributor to broader analysis and considerations. ] 

[bookmark: _Hlk55992401]It is noted that AAS and non-AAS equipment from one manufacturer was used in the field trial. Unwanted emissions from the non-AAS equipment were compliant with existing 2.3 GHz band spectrum licence limits. While the AAS equipment was compliant with 3GPP standards, actual levels were much lower. Consequently, to enable the deployment of AAS while facilitating coexistence with adjacent band TOB, the proposed changes to the 2.3 GHz band spectrum licence limits are more closely aligned with what was tested. 
The proposed new limits are detailed in the table below. The same limits are proposed for both AAS and non-AAS. The proposed new limits: 
allow for a reasonable margin to allow for manufacturing tolerance, 
allow for change in performance due to temperature and ageing 
consider, to provide some level of support for other AAS systems, the roll off characteristics of unwanted emissions from AAS equipment. Advice provided by manufacturers is that AAS technologies have an initial sharp roll off at the band edge which flattens out from approximately 2 MHz from the edge of the operating channel. The unwanted emissions experience another roll off at approximately 5 MHz from the band’s edge due to the effects of out-of-band RF filtering.   
Transmitter unwanted emission limits inside the 2290–2300 MHz frequency band – registered non-AAS and AAS devices. 
	Frequency Range 
(foffset) [Note 1]
	Total Radiated Power (dBm) per cell/sector
	Measurement Bandwidth

	0 MHz ≤ foffset < 5 MHz
	-7 - (7/5) x (foffset)
	100 KHz

	5 MHz ≤ foffset < 10 MHz
	-6 - (17/5) x (foffset)
	100 KHz


Note 1: foffset is the frequency offset below 2300 MHz. The closest -3dB point of the measurement bandwidth to 2300 MHz is placed at foffset.
There was concern raised by some members of the TLG that the proposed unwanted emission levels, while providing support for equipment trialled and some current AAS equipment, may be limiting for future NR AAS systems. Two areas of concern were identified:
In the event the existing spectrum licence boundary is extended down from 2302–2400 MHz to encompass the entire 2300–2400 MHz band, the roll-off in unwanted emission levels between 2298–2300 MHz may be too strict. It was suggested that, in that situation, when a service is deployed with a lower channel edge at 2300 MHz, up to an additional 10 dB relaxation to the proposed limits may be required within the 2298–2300 MHz range to allow for the initial roll off in unwanted emissions.
The proposed limit at 2295 MHz may limit the use of future AAS equipment. This limit provides little margin for manufacturing tolerances and changes in emissions due to temperature and ageing. A further relaxation of 3 dB was proposed to allow for this. 
It was noted that while a review of the 2300–2302 MHz band has been identified in the ACMA five-year spectrum outlook, a timeframe to conduct this work has not been defined and no outcome as to whether the lower boundary of the 2.3 GHz band would be changed should be assumed. Consequently, it was decided that it would be premature to adopt changes that supported the extension of the 2.3 GHz band at this stage. 
Some TLG members also expressed concern about relaxing the proposed emission limits further. This is because the new proposed limits already represent a significant change from the existing limits. There was also concern that varying too far from what was trialled may affect coexistence too much and nullify the conclusions that the current trial has informed. Consequently, it was determined that it would be premature to make these amendments to accommodate future AAS systems. These limits could be reconsidered when technologies have matured and should the current limits be shown to be too conservative in their role to enable coexistence between 2.3 GHz spectrum licences and TOB services. 
Proposed unwanted emission limits for registered devices outside the 
2290–2410 MHz frequency band
Unwanted emissions outside the 2290–2410 MHz frequency band are referred to as ‘spurious emissions’. Current 2.3 GHz band spectrum licences define spurious emission limits as a mean power. The TLG have proposed adopting a TRP metric instead, as this would be more appropriate for devices that utilise AAS – due to the integrated nature of AAS it is not possible to measure conducted power. 
Defining spurious emission limits as TRP ensures the requirement supports devices employing either non-AAS or AAS. Separate limits for AAS and non-AAS were not proposed.
It is noted that 3GPP standards define the spurious domain as commencing at +/- 10 MHz from the profile band for systems using non-AAS and +/- 40 MHz for those using AAS. However, to better enable coexistence with adjacent band services, the TLG did not propose changes to the spurious emission frequency boundary. 
Transmitter unwanted emission limits outside the 2290–2410 MHz frequency band – registered non-AAS and AAS devices. 
	Frequency Range 
(f)
	Total Radiated Power (dBm) per cell/sector
	Measurement Bandwidth

	9 kHz ≤ f < 150 kHz
	-36
	1 kHz

	150 kHz ≤ f < 30 MHz
	-36
	10 kHz

	30 MHz ≤ f < 1 GHz
	-36
	100 kHz

	1 GHz ≤ f < 12.75 GHz
	-30
	1 MHz




[bookmark: _Hlk55383542]Receiver unwanted emission limits outside the 2290–2410 MHz frequency band – registered non-AAS and AAS devices. 
	Frequency Range
(f)
	Total Radiated Power (dBm) per cell/sector
	Measurement Bandwidth

	30 MHz ≤ f < 1 GHz
	-57
	100 kHz

	1 GHz ≤ f < 12.75 GHz
	-47
	1 MHz



Devices exempt from registration
The TLG did not propose any changes to the unwanted emission limits for devices exempt from registration. However, changes were proposed to the definition of devices that are exempt from registration. 
Devices exempt from registration, as defined on the current 2.3 GHz spectrum licences, fall into two categories:
Devices operating with an EIRP less than 23 dBm per occupied bandwidth 
Devices operating with an EIRP less than 43 dBm per occupied bandwidth and has:
the phase centre of the antenna is lower than 10m above ground level
the antenna has a front-to-back ratio greater than or equal to 20 dB. 

It is possible that future UE’s that employ beamforming could have antenna main-beam gains many dB higher than current levels. The current EIRP limit defined for devices exempt from registration would therefore be too low to encompass such devices. 
To maximise flexibility for licensees to be able to deploy such devices, the TLG proposed to redefine and simplify the definition of devices that are exempt from registration. 
In this case 3GPP standards define numerous UE power classes that could apply. Power class 3 is the default power class, it defines a maximum power of 23 dBm per transmission bandwidth with a tolerance of +2 dB. However, it is suggested that power class 2 (used typically to support fixed deployments) are of increasing interest. While standards currently only define such a power class for 3GPP Band 42, it is noted that this may change in the future.
Power class 2 defines a maximum power of 26 dBm per transmission bandwidth with a tolerance of +2 dB. To accommodate such use on a ubiquitous basis therefore requires an in-band TRP limit for unregistered devices of 28 dBm per occupied bandwidth. This limit would cover existing and future UEs (and other devices such as repeaters and femtocells) with higher main-beam gains as well as fixed UEs and small cells with higher gain antennas. For example, a fixed UE with a transmit power 25 dBm/occupied bandwidth and a 17 dBi gain antenna would be covered by this limit. 
The proposal for devices exempt from the registration requirement follows:
Exemption from registration requirements
1.	The following kinds of radiocommunications transmitters are exempt from the registration requirement in Statutory Condition 3:
(a)	a transmitter that operates in the 2.3 GHz band with a total radiated power of less than or equal to 28 dBm per occupied bandwidth


[bookmark: _Toc506899799][bookmark: _Toc56006336][bookmark: _Toc57809593]Other conditions on the licence
It is proposed to maintain all of the ‘other conditions’ (i.e. those other than core and statutory conditions) that are currently contained in 2.3 GHz band spectrum licences (refer to the PDF image of current 2.3 GHz band spectrum licences available on the RRL for more details). 
[bookmark: _Ref312164882][bookmark: _Ref312338073][bookmark: _Toc328403871][bookmark: _Toc403740553][bookmark: _Toc404333448][bookmark: _Toc444690626][bookmark: _Toc56006337][bookmark: _Toc57809594]Unacceptable levels of interference
Spectrum licensees are required to register a radiocommunications transmitter in the Register of Radiocommunications Licences before they may be operated under the licence. The only exception to this is if there is a condition on licences that exempts certain types of transmitter.
Subsection 145(1) of the Act gives the ACMA the power to refuse to register a radiocommunications transmitter if it is satisfied that the operation of the transmitter could cause an unacceptable level of interference to the operation of other radiocommunications devices. Under subsection 145(4) of the Act, the ACMA can make a determination (referred to as a section 145 determination) that sets out what is considered unacceptable levels of interference for each spectrum-licensed band.
A section 145 determination sets out the circumstances in which devices are deemed to cause unacceptable levels of interference. These circumstances typically include:
if the levels of emissions from a device at the geographical boundary of a licence exceed a defined level
if the operation of the transmitter will cause a breach of a core condition of the licence
if the deployment of the device is outside any deployment constraints defined for the band.
[bookmark: _Toc506899801][bookmark: _Toc507878614][bookmark: _Toc56006338][bookmark: _Toc57809595]2.3 GHz band section 145 determination
[bookmark: _Hlk504049329][bookmark: _Hlk56678836]The current section 145 determination for the 2.3 GHz band is the Radiocommunications (Unacceptable Levels of Interference - 2.3 GHz Band) Determination 2013. Some of the key details of the 2.3 GHz band section 145 determination are:
It is optimised for TDD use.
The device boundary criteria (DBC) is based on the following:
A defined level of protection of -103.5 dBm/5MHz to a receiver with a gain of 0 dBi at a height of 5m above the ground.
Use of Recommendation ITU-R P.526-12 as the propagation model.
A calculation procedure similar to that implemented in other spectrum licence bands.
[bookmark: _Toc56006339][bookmark: _Toc57809596]Proposed changes
Based on discussions during the TLG, the following amendments are proposed to parts of the DBC:
Increase the LOP from -103.5 dBm/5MHz to -99.5 dBm/5MHz for non-AAS devices and to -91.5 dBm/5MHz for AAS devices. Spectrum licensees proposed and are happy to adopt a higher LOP in both cases.
The level of protection (LOP) is the benchmark protection given to receivers from co-channel emissions from transmitters operating in adjacent geographic licence areas. The current LOP is -103.5 dBm/5MHz. This was based on the compatibility requirement of a UE receiver and consideration of the fading mechanisms. The current nominal receive antenna height above ground level is 5 metres and the current nominal receive antenna gain is Gr = 0 dBi. 
The current nominal receiver parameters were intended to be based on fixed UE characteristics where the UE is located near the licence boundary but pointing away from it. As can be seen in the table below, based on this scenario, the nominal receiver gain should be -4 dBi (16 dBi – 20dB). Rather than change Gr it is proposed that this could effectively be covered by a change to the LOP by 4dB from -103.5 dBm/5MHz to -99.5 dBm/5MHz. 

	
	UE Height (m)
	Antenna Gain (dB)
	Front to Back ratio(dB)

	FWA
	5
	16
	20

	Mobile
	1.5
	0
	NA



For mobile UE scenarios, the DBC overpredicts the likelihood of BS to UE interference as the UE will typically be at a lower height. This lower height is usually within the clutter and an additional 8dB loss can be applied as per the ITU-R Recommendation P.2108. This would change the LOP by 8dB from -103.5 dBm/5MHz to -95.5 dBm/5MHz.
As the LOP shall cover both fixed and mobile UE use case scenarios, the proposed LOP is -99.5 dBm/5MHz. 
For AAS devices, the possibility that a beam directed to a UE in one spectrum licence area would align with another operator’s UE in a different geographic area is very low. The TLG therefore proposed considering an Antenna Beam Alignment Loss of 8 dB when an AAS is being used by the base station. Therefore, the LOP for AAS devices is suggested to be -91.5 dBm/5 MHz. 
Increase in the accuracy of the base terrain data by applying 3-sec DEM instead of 9-sec DEM. 
There are advantages in improving the accuracy of the base data. This aligns with the discussions in the other bands, including the mmWave TLG, and will align the 2.3GHz to this benchmark. No changes to height averaging are proposed. 
To account for the higher resolution of the DEM, it was also proposed to increase the resolution of calculations from 500m increments to 100m increments. 
Increasing the maximum value of ‘m’ (which defines the maximum length of a DBC radial) from 202 to 1010 (or equivalently 110 km). This is based on the path loss required, assuming smooth earth diffraction, from a 500m high transmitter (Tx) to a 5m receiver (Rx) (highest assumed Tx to Rx height difference) to meet the DBC. It also accounts for the change in the resolution of calculations from 500m to 100m.  
Inclusion of clutter loss for stations that are at a height of 6m or below based on ITU-R Recommendation P.2108-0.
In applying the procedure defined in ITU-R Recommendation P.2108-0, the percentage of locations is set at 0.08% and the correction is applied at only one end of the path. If the loss calculated is less than 0 dB, the calculated loss value is replaced with 0 dB. If the loss calculated is greater than 8 dB, the calculated loss value is replaced with 8 dB.
DBC failures over ocean paths not deemed as unacceptable interference. 
The current DBC procedure has no exclusions when the LOP outside a spectrum licensee’s area is exceeded over ocean paths only. This has resulted in device registration failures where there are no impacts to other Licensees. This issue was addressed in TLG processes for the 3.4 GHz and 26 GHz bands. The TLG process proposed including similar mechanisms for the 2.3 GHz band. Specifically, including a new clause 9(3) into the s.145(4) determination. 
(3)   A level of interference mentioned in paragraph 9(1)(b) is not unacceptable in relation to a part of the device boundary that:
         (a) lies outside the geographic area of the licence; and
         (b) is connected to a radial that:
                (i)  is mentioned in Part 1 of Schedule 2; and
                (ii) does not cross over land outside the geographical area of the  
                     licence that is permanently above the Australian territorial sea 
                     baseline as defined by Geoscience Australia;
                (iii) does not cross into any of the following HCIS: IW3E, IW3I, 
                       IW3M, IW6A, IW6E, KX9, LX7, LX8, LX9.



Inclusion of Recommendation ITU-R P.524 (free-space path loss) into DBC calculations. While this was implied, it was not explicitly included in the s.145(4) determination. To avoid confusion, it is proposed to add it.  
A draft update to the s.145 determination is provided in the separate document. 
[bookmark: _Ref312338161][bookmark: _Ref312338219][bookmark: _Ref314129073][bookmark: _Toc328403872][bookmark: _Toc403740554][bookmark: _Toc404333449][bookmark: _Toc444690627][bookmark: _Toc56006340][bookmark: _Toc57809597]Radiocommunications advisory guidelines
Further guidance on interference management with other licensed services is provided in Radiocommunications Advisory Guidelines (RAGs) made under section 262 of the Act. RAGs can refer to any aspect of radiocommunications or radio emissions.
Generally, RAGs include provisions to help assess the possible interference between spectrum-licensed devices and services operating under spectrum, apparatus or class licences. Potentially affected services are identified in the RAGs to enable licensees to assess and mitigate the risk of interference between these services.
It is important to note that where a case of interference arises between a spectrum-licensed device and another licensed device, the ACMA will refer to the provisions of the RAGs in resolving the matter. In general, affected licensees also have the ability to negotiate their own arrangements in order to manage interference. Such arrangements will also be taken into account when resolving any interference disputes.  
Currently, there are two section 262 guidelines relevant to the deployment of services under 2.3 GHz band spectrum licences:
Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters — 2.3 GHz Band) 2013;
Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2.3 GHz Band) 2013.
[bookmark: _Toc328403749][bookmark: _Toc56006341][bookmark: _Toc57809598][bookmark: _Toc328403873][bookmark: _Toc367692837][bookmark: _Toc367693441][bookmark: _Toc367881973][bookmark: _Toc403740555][bookmark: _Toc404333450][bookmark: _Toc444690628][bookmark: _Toc506899804]Managing interference to spectrum-licensed receivers
The Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 2.3 GHz Band) 2013 (RAG Rx) provides guidance on the management of interference to receivers operating under a 2.3 GHz band spectrum licence. 
A key part of the management of this type of interference is the specification of a notional receiver performance level and a compatibility requirement. This provides a base for the operators of radiocommunications transmitters to coordinate their services against. While adherence to the notional receiver is optional, the ACMA will have regard to it when settling interference disputes. For this reason, it is recommended that all receivers operating under a spectrum licence have a performance level at least equal to the defined notional receiver.
The TLG did not propose any changes to the RAG Rx.
[bookmark: _Toc56006342][bookmark: _Toc57809599]Managing interference from spectrum-licensed transmitters
The Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters — 2.3 GHz Band) 2013 (RAG Tx) provide guidance on the protection of adjacent band apparatus and class-licensed receivers from interference from spectrum-licensed transmitters. The existing guidelines identify the types of apparatus-licensed services potentially affected by transmitters operated under a spectrum licence in the 2.3 GHz band. They also explain the protection criteria and coordination arrangements that apply to these services, sometimes by reference to various RALIs[footnoteRef:8] or international standards. [8:  A full list of RALIs currently in-force is available on the ACMA website.] 

The TLG did not propose any changes to the RAG Tx. Justification for this is provided on a service-by-service basis below.
Space research, space operations and earth exploration-satellite service receivers operating in the 2200–2300 MHz band
The space research, space operations and earth exploration-satellite services (space-to-Earth) operate in the 2200–2300 MHz band. The RAG Tx details the relevant protection criteria that applies.  
These services are provided protection on a first-in-time coordinated basis. This means newly registered spectrum-licensed devices are required to protect existing apparatus-licensed earth stations to the stated levels (which remain unchanged) —irrespective of the in-band or unwanted emission limits defined. 
In addition, it is noted that: 
Space research services can operate across the entire 2200–2300 MHz band. New space research services are not licensed on a regular basis and are generally limited to existing sites which are located outside of populated areas. In this case, it is considered that the inherent level of protection provided by existing services and the fact existing sites are located outside of population centres, will limit the effect the proposed changes will have on the deployment of new services.  
Space operation and earth exploration satellite services operate in the 2200–2290 MHz band. This only change proposed to unwanted emissions below 2290 MHz is to define them in terms of TRP rather than a ‘mean power’ (i.e. a conducted power). In practice the difference between the use of TRP or mean power is typically ≤ 3 dB. This is not expected to have a discernible impact on the deployment of new services.  
Consequently, it is considered that the existing arrangements in place to manage interference with space research, space operations and earth exploration-satellite service services are suitable and do not need to be modified to take into account proposed changes to the 2.3 GHz technical framework.
Point-to-point fixed services
There are arrangements for point-to-point services to operate in the 2170–2300 MHz band. RALI FX 3 details the relevant protection criteria that applies. 
Point-to-point services are afforded protection on a first-in-time coordinated basis. This means newly registered spectrum-licensed devices are required to protect existing apparatus-licensed point-to-point services to the stated levels—irrespective of the in-band or unwanted emission limits defined. In addition to this, there are restrictions on the deployment of new point-to-point links in metropolitan and regional areas due to use of the band by TOB services (refer to Embargo 23). As result there is little risk a change in unwanted emission would affect the ability of a new point-to-point link being licensed in adjacent bands. 
Consequently, it is considered that the existing arrangements in place to manage interference with point-to-point services are suitable and do not need to be modified to take into account proposed changes to the 2.3 GHz technical framework. 
Mobile services – aeronautical mobile telemetry
The 2200–2290 MHz band is used for aeronautical mobile telemetry (AMT)
by the Department of Defence. The RAG Tx states that radiocommunications transmitters operated under a 2.3 GHz spectrum licence in accordance with the conditions of the licence, are not taken to cause unacceptable interference to this service.  

While 2.3 GHz spectrum licences are not required to provide specific protection to AMT, the current unwanted emission limits below 2290 MHz were intended to provide an inherent level of coexistence between the services. The changes proposed to the 2.3 GHz unwanted emission limits are expected to have a negligible impact on the existing interference environment. This is because the only change proposed to unwanted emissions below 2290 MHz is to define them in terms of TRP rather than a ‘mean power’ (i.e. a conducted power). In practice the difference between the use of TRP or mean power is typically ≤ 3 dB. 
Consequently, it is considered that the existing arrangements in place to manage interference with aeronautical mobile services are suitable and do not need to be modified to take into account proposed changes to the 2.3 GHz technical framework.



Television Outside Broadcast (TOB) service
The Television Outside Broadcast Service (1980–2110 MHz and 2170–2300 MHz) Frequency Band Plan 2012 makes provision for TOB services in the 1980–2110 MHz and 2170–2300 MHz frequency bands. The protection requirements for TOB services operating in the 2170–2300 MHz band are specified in RALI FX 21. These requirements apply to radiocommunications transmitters operated under a spectrum licence in the 2.3 GHz band that were registered in the Register after the date of issue of the TOB apparatus licence. Only TOB receivers with site details recorded in the Register will be afforded protection (these are referred to as TOB collection points).  

Noting this, newly registered spectrum-licensed devices are required to protect existing apparatus-licensed TOB collection points to the stated levels—irrespective of the in-band or unwanted emission limits defined. Consequently, it is considered that the existing arrangements are suitable and do not need to be modified to take into account changes made to other aspects of the technical framework.

While 2.3 GHz spectrum licenses are not required to provide protection to TOB receivers that do not have their location recorded on the Register, the current unwanted emission limits below 2300 MHz were intended to provide a level of coexistence between the services.  

As discussed in the ‘unwanted emission limits’ section, field trials were performed to assess the impact of AAS equipment, and subsequent relaxation of the existing unwanted emission limits would have on TOB operation. Based on the outcomes of the trial, there was a strong case for amending the existing 2.3 GHz unwanted emission limits and new limits have been proposed.

If adopted, it is proposed that modifications be made to RALI FX 21 to reflect any changes to the current 2.3 GHz band licence condition.

Class licensed services
The Radiocommunications (Low Interference Potential Devices) Class Licence 2015 (the LIPD) defines arrangements for a range of different types of transmitters in the 2400–2483.5 MHz band. Transmitters operated under a 2.3 GHz spectrum licence in accordance with the conditions of the licence, are not taken to cause unacceptable interference devices operating in accordance with the LIPD. 
While 2.3 GHz spectrum licenses are not required to provide protection to devices operating in accordance with the LIPD, the current unwanted emission limits above 2400 MHz were intended to provide a level of coexistence with these services.

Radio Astronomy Service receivers
RAS conduct passive observations in the frequency bands specified in footnote AUS87 of the Australian Radiofrequency Spectrum Plan 2017. This includes the 2200–2700 MHz band. Operation of RAS under footnote AUS87 is done on a fortuitous basis. 
The RAG Tx requests that 2.3 GHz spectrum licensees have regard to RAS operating in bands covered by footnote AUS87. In planning for the operation of fixed transmitters under a spectrum licence in the 2.3 GHz band, spectrum licensees are encouraged to follow the notification arrangements specified in RALI MS 31 before operating the transmitters. 
Since RAS operation is limited to a small number of sites, typically located outside of major population centres, and use is on a fortuitous basis, no changes are proposed to the existing interference management criteria.
[bookmark: _Toc348105641][bookmark: _Toc56006343][bookmark: _Toc57809600]Appendix A – Current use of the 2.3 GHz and adjacent bands
Figure 1 provides the current arrangements in the 2.3 GHz band (shown by the shaded area) and adjacent bands. Table 1 provides information on the number of existing apparatus-licensed services in the 2.3 GHz band and its adjacent bands.
1. [bookmark: _Ref479582565]2.3 GHz band arrangements
[image: Figure 1: 2.3 GHz band arrangements]
The Mobile aeronautical can also use 2290–2300 MHz band under AUS 93 while there is no such licence existing in the RRL so far. 
[bookmark: _Ref459817782][bookmark: _Ref458581852]Table 1: Breakdown of licences in the 2.3 GHz band (RRL extract, September 2020)
	Licence type
	No. of licences
	No. of licensees

	Earth receive (2200-2300 MHz)
	93
	11

	TOB (2170-2300 MHz)
	12
	10

	Point-to-point (2207.5-2300 MHz)
	150
	5



[bookmark: _Toc56006344][bookmark: _Toc57809601]Appendix B – Current 2.3 GHz band unwanted emission limits
[bookmark: _Toc507878621][bookmark: _Toc56006345][bookmark: _Toc57809602]Frequency band and geographic areas

1. This license authorizes the operation of radiocommunications devices in the frequency bands and within the geographic areas set out in Part 2 of Licence Schedule 1.

[bookmark: _Toc507878622][bookmark: _Toc56006346][bookmark: _Toc57809603]Emission limits outside the frequency band

2. Core conditions 3 to 12 apply in relation to those frequencies that are outside the frequency bands set out in Part 2 of Licence Schedule 1.

3. Where a written agreement specifying the maximum permitted level of radio emission for frequencies described in core condition 2 exists between:

(a) the licensee; and
(b) all the affected licensees of frequency-adjacent spectrum licences and area-adjacent spectrum licences;

the licensee must comply with that specified maximum permitted level of radio emission.

4. Where there is no written agreement for the purposes of core condition 3 in force, the licensee must comply with core conditions 5 to 12.

[bookmark: _Toc507878623][bookmark: _Toc56006347][bookmark: _Toc57809604]Non spurious emission limits

5. (1) The licensee must ensure that radiocommunications transmitters operated under this licence, other than a transmitter that is not exempt from the registration requirement under statutory condition 4 of Licence Schedule 3, does not exceed the non-spurious emission limits in core condition 6 and 7.
(2)  For any frequency where an emission limit described in Core Condition 8 is less than an emission limit described in Core Conditions 6 or 7, the emission limit in Core Condition 8 applies.
(3)  The licensee must ensure that radiocommunications transmitters operating under this Licence that are exempt from the registration requirement under Statutory Condition 4 of Licence Schedule 3 do not exceed the non spurious emission limits described in Core Condition 9.
6. The non spurious emission limits in Table 3 apply:

(a) at frequencies outside the 2300 - 2400 MHz frequency band; and 
          (b) offset from 2300 MHz;

where:
         foffset is the frequency offset from the 2300 MHz band edge. The -3dB point
of the specified bandwidth is placed at foffset.

[bookmark: _Toc507878624][bookmark: _Toc55989599][bookmark: _Toc56006348][bookmark: _Toc56507468][bookmark: _Toc57808781][bookmark: _Toc57809605]Licence Table 3: Radiated maximum true mean power non-spurious emission limits

	[bookmark: _Hlk56001084]Frequency offset range
(foffset)
	Radiated maximum true mean power (dBm EIRP)
	Specified Bandwidth

	0 kHz < foffset < 200 KHz
	3
	30 kHz

	200 kHz < foffset < 1 MHz
	3 - 15 x (f offset (MHz)-0.2)
	30 kHz

	1 MHz < foffset < 1.5 MHz
	-9
	30 kHz

	1.5 MHz < foffset < 5 MHz
	4
	1 MHz

	foffset  > 5 MHz
	-30
	1 MHz



7. The non spurious emission limits in Table 4 apply:

(a) at frequencies outside 2300-2400 MHz frequency band; and 
(b)  offset from 2400 MHz;

where:
           foffset is the frequency offset from the 2400 MHz band edge. The -3dB point of the
           specified bandwidth is placed at foffset.

[bookmark: _Toc507878625][bookmark: _Toc55989600][bookmark: _Toc56006349][bookmark: _Toc56507469][bookmark: _Toc57808782][bookmark: _Toc57809606]Licence Table 4: Radiated maximum true mean power non-spurious emission limits

	[bookmark: _Hlk50549548]Frequency offset range
(foffset)
	Radiated maximum true mean power (dBm EIRP)
	Specified Bandwidth

	0 kHz < foffset < 5 MHz
	10 - (7/5) x f offset (MHz)
	100 kHz

	5 MHz < foffset < 10 MHz
	3
	100 kHz

	foffset  > 10 MHz
	2
	1 MHz





8. The non spurious emission limits in Table 5 apply:

(a) at frequencies outside the upper or lower frequency limits set out in Part 2 of Licence
(b) offset from the upper or lower frequency limits set out in Part 2 of Licence Schedule 1;
where:
           foffset is the frequency offset from the upper or lower frequency limits set out in Part  
           2 of Licence Schedule 1. The -3dB point of the specified bandwidth is placed at 
           foffset.

[bookmark: _Toc55989601][bookmark: _Toc56006350][bookmark: _Toc56507470][bookmark: _Toc57808783][bookmark: _Toc57809607]Licence Table 5: Radiated maximum true mean power non-spurious emission limits

	Frequency offset range
(foffset)
	Radiated maximum true mean power (dBm EIRP)
	Specified Bandwidth

	0 kHz < foffset < 5 MHz
	10 - (7/5) x f offset (MHz)
	100 kHz

	5 MHz < foffset < 10 MHz
	3
	100 kHz

	foffset  > 10 MHz
	2
	1 MHz






9. The non spurious emission limits in Table 6 apply:

(a) at frequencies outside the upper or lower frequency limits set out in Part 2 of Licence
(b) offset from the upper or lower frequency limits set out in Part 2 of Licence Schedule 1;
where:
           foffset is the frequency offset from the upper or lower frequency limits set out in Part  
            2 of Licence Schedule 1. The -3dB point of the specified bandwidth is placed at  
            foffset.

[bookmark: _Toc55989602][bookmark: _Toc56006351][bookmark: _Toc56507471][bookmark: _Toc57808784][bookmark: _Toc57809608]Licence Table 6: Radiated maximum true mean power non-spurious emission limits

	[bookmark: _Hlk50549364]Frequency offset range
(foffset)
	Radiated maximum true mean power (dBm EIRP)
	Specified Bandwidth

	0 kHz < foffset < 1 MHz
	-18
	30 kHz

	1 MHz < foffset < 5 MHz
	-10
	1 MHz

	5 MHz < foffset < 10 MHz
	-13
	1 MHz

	10 MHz < foffset < 15 MHz
	-25
	1 MHz





Spurious Emission Limits

10. The licensee must ensure that radiocommunications devices operated under this licence do not exceed the spurious emission limits in core conditions 11 and 12.

11. For radiocommunications transmitters operated under this licence, the spurious emission limits in Table 7 apply at frequencies outside the 2290-2410 MHz frequency band, measured over the specified bandwidth for the relevant frequency range.

[bookmark: _Toc507878626][bookmark: _Toc55989603][bookmark: _Toc56006352][bookmark: _Toc56507472][bookmark: _Toc57808785][bookmark: _Toc57809609]Licence Table 7: Radiocommunications transmitter spurious emission limits

	[bookmark: _Hlk50551018]Frequency range
(f)
	Mean power
(dBm)
	Specified
Bandwidth

	9 kHz < f < 150 kHz
	-36
	1 kHz

	150 kHz < f < 30 MHz
	-36
	10 kHz

	30 MHz < f < 1 GHz
	-36
	100 kHz

	1 GHz < f < 12.75 GHz
	-30
	1 MHz



12. For radiocommunications receivers operated under this licence, the spurious
emission limits in Table 6 apply at frequencies outside the 2290-2410 MHz frequency band, measured over the specified bandwidth for the relevant frequency range.

[bookmark: _Toc507878627][bookmark: _Toc55989604][bookmark: _Toc56006353][bookmark: _Toc56507473][bookmark: _Toc57808786][bookmark: _Toc57809610]Licence Table 8: Radiocommunications receiver spurious emission limits

	Frequency range
(f)
	Mean power
(dBm)
	Specified
Bandwidth

	30 MHz < f < 1 GHz
	-57
	100 kHz

	1 GHz < f < 12.75 GHz
	-47
	1 MHz
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