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[bookmark: _Toc81491901]Introduction
[bookmark: _Hlk26868779]On 27 October 2020, the Minister for Communications, Cyber Safety and the Arts[footnoteRef:2] (the minister) made the Radiocommunications (Spectrum Re-allocation—850/900 MHz Band) Declaration 2020 (the re-allocation declaration) for the following frequency ranges on an Australia-wide basis:[footnoteRef:3] [2:  The current minister is the Minister for Communications, Urban Infrastructure, Cities and the Arts.]  [3:  This excludes the Mid-West Radio Quiet Zone as specified in the Radiocommunications (Mid-West Radio Quiet Zone) Frequency Band Plan 2011.] 

814 MHz to 825 MHz
859 MHz to 870 MHz
890 MHz to 915 MHz
935 MHz to 960 MHz.
Accordingly, we are preparing to allocate this spectrum, collectively referred to in this paper as ‘the 850/900 MHz band’.
In preparation for the auction, we consulted on draft allocation instruments that describe the products we are offering in the auction, as well as set out the rules and procedures we propose will govern the auction process for the allocation of these products. At the same time, we consulted on the draft technical instruments that provide the technical and interference management rules for the operation of radiocommunications devices in the 850/900 MHz band. 
Once adopted for the spectrum subject to allocation, the technical framework will also apply to the 850 MHz original band (825–845 MHz and 870–890 MHz) which is already allocated via spectrum licence. This will create a single seamless technical framework for the entire 850 MHz band, including the 850 MHz expansion band (814–825 MHz and 859–870 MHz) and the 850 MHz original band, as well as the 900 MHz band (890–915 MHz and 935–960 MHz). 
We received 11 submissions to the formal consultation process, which ran from 27 April 2021 to 24 May 2021. This was proceeded by an informal industry engagement process through the associated technical liaison group (TLG). A list of the organisations that provided a submission is shown in Appendix A. 
[bookmark: _Hlk26868712]Eight of the submissions addressed matters concerning the draft technical instruments. This paper summarises and responds to the submissions received regarding the draft technical instruments. Responses to non-technical aspects of the allocation instruments are outside the scope of this paper.
The feedback received on the technical instruments has been integrated into the final instruments, as appropriate, which have been released in parallel with this paper. 
[bookmark: _Toc81491902]Draft technical framework and comments received
The ACMA consulted on the following draft technical framework instruments:
Radiocommunications (Unacceptable Levels of Interference – 850/900 MHz Band) Determination 2021 (Unacceptable Levels of Interference determination)
Radiocommunications Advisory Guidelines (Managing Interference from Spectrum Licensed Transmitters – 850/900 MHz Band) 2021 (RAG Tx)
Radiocommunications Advisory Guidelines (Managing Interference to Spectrum Licensed Receivers – 850/900 MHz Band) 2021 (RAG Rx) 
Radiocommunications (Trading Rules for Spectrum Licences) Amendment Determination 2021 (No. 1).
The sample licence which was included in the draft Radiocommunications Spectrum marketing Plan (850/900 MHz Band) 2021 (marketing plan) also forms part of the technical framework. Below is a summary of the issues raised in submissions regarding the draft technical framework, along with our response. 
[bookmark: _Toc81491903]Early transition of spectrum licences in the 850 MHz original band
AMTA, Ericsson and Nokia requested that upon finalisation of the spectrum licence technical framework, the spectrum licences in the 850 MHz original band be amended, in consultation with incumbent licensees, to match the conditions of the new 850/900 MHz band technical framework. It was noted that migration and adoption of 5G technologies would be challenging under the emission limits set out in the spectrum licences in the 850 MHz original band. 
ACMA response
Under paragraph 66(1)(b) of the Radiocommunications Act (the Act), emission limits are a core condition of spectrum licences. Variation of core conditions can only occur with the agreement of licensees under section 72 of the Act. Following finalisation of the technical framework for the 850/900 MHz allocation, we will consult with existing licence holders regarding variation to the spectrum licence technical framework in the 850 MHz original band. Any agreement to vary existing licences will include conditions that current adjacent band services continue to be protected until completion of transition to new arrangements in accordance with the ACMA’s long-term strategy for the 803–960 MHz band. This approach has been flagged previously with existing licensees.
[bookmark: _Toc81491904]Post-auction TLG
AMTA, Optus and TPG each suggested that upon conclusion of the spectrum auction, the ACMA should convene a second TLG for the bands so that outstanding matters can be finalised in full knowledge of who the successful participants in the auction were and their relative positions in the band. 
ACMA response
As a short-term advisory body, a TLG can be convened by the ACMA at any time when necessary, as part of a review or establishment of spectrum licence technical frameworks. We have developed (in consultation with industry) a program of reviewing spectrum licence technical frameworks. Find out more about the purpose and operation of TLGs.
However, given the framework for the 850/900 MHz band has recently been reviewed as part of this allocation process, we do not foresee a need to convene a TLG to consider further changes to the spectrum licence technical framework following the conclusion of the spectrum auction. Importantly spectrum licence frameworks which are intended to function independently from who holds which licence a particular spectrum segment. 
As outlined above, we have a program of work to review spectrum licence technical framework. This work program is part of the broader ACMA spectrum management work program included in the five-year spectrum outlook that is reviewed annually in consultation with industry. Any proposals to seek changes to that program (such as revisiting the technical frameworks being considered in this process) need to be put into that process. The ACMA would consider such proposals in the broader context of the work program priorities.  
Accordingly, those seeking to acquire spectrum licences at the upcoming allocation should not assume that the ACMA will review the associated technical frameworks within any specific period of time. Further, if such a review was to occur, no assumptions should be made at this time what the outcome of the review would be (and what changes, if any, would occur to the framework).   
[bookmark: _Toc81491905]890 MHz boundary management
The proposed frameworks were initially drafted in a way that incorporated traditional ‘first in time’ based coordination between services operating at the 890 MHz boundary, noting that the 850 MHz base transmit segment operates up to 890 MHz (889 MHz post-downshift, which will occur no later than 2028) and is directly adjacent the 900 MHz base-receive segment. This situation has been identified in of numerous papers over the last decade considering the review of these bands. It has long been recognised that some compromise to the utility of the lower 900 MHz segment would be necessary to allow deployment of broadband services either side of the boundary and that the scale of this would change over time if repositioning in the band (often called the ‘downshift’) occur which would result in a 1 MHz separation between the top of the 850 MHz band and bottom of the 900 MHz band. 
During the final meeting of the 850/900 MHz TLG, AMTA flagged a potential new approach and undertook to formally propose this approach in response to the consultation on instruments. The proposed approach mitigates the disadvantage of being a so-called ‘second in time’ operator when registering devices – this would in most cases be the 900 MHz band licence holder given deployments in the 850 MHz original band are well established – by putting in place a process of notification and actions on both the first and second in time operators to take measures to ensure the utility of both bands can be optimised either side of the boundary. 
ACMA staff agreed that there was merit in this proposal. However, given that it would represent a significant deviation from the frameworks (in particular the Tx and Rx RAGs) drafted, it was noted that the proposal would strongly benefit from consolidated submission from proponents for the proposed process for registration and any specific parameter values was provided. AMTA’s submission contained an outline of the process and proposed detailed markups to the RAGs to give effect to the process. 
Part of the proposal includes a ‘guard band’ of 2.5 MHz above the 890 MHz boundary within which coexistence cannot be guaranteed even if the proposed protocols are followed. Some points on the guard band:
The term ‘guard band’ often implies empty spectrum – this is not the case here and the 2.5 MHz will still be usable for most scenarios. The difference is that interference-free use within that 2.5 MHz cannot be guaranteed. 
The guard band size will effectively reduce to 1.5 MHz post-downshift (as there will be an additional 1 MHz guard band at 889–890 MHz). 
While Optus agreed with AMTA’s proposal, they argued that in practice modern filter design means a guard band of narrower than 2.5 MHz would be feasible.
TPG went further and added that, given NR[footnoteRef:4] has 5% channel vacancy at the edges (resulting in 200 kHz vacant space either side of the 890 MHz boundary) and noting the 1 MHz that will be freed up by the downshift, the eventual (effective) 1.4 MHz guard band with modern filtering will enable operator to approach full utility of the lower 900 MHz segment.   [4:  NR means new radio access technology for 5G. ] 

In Telstra’s submission, it was argued that if AMTA’s proposed approach was not adopted, any requirements for coordination on a first in time basis should apply equally/symmetrically across the boundary, and that any changes to existing registrations (e.g., due to technology upgrades) should not reset the registration date for coordination purposes.
ACMA response
All AMTA members endorsed the contents of AMTA’s submission. The ACMA is prepared to adopt the proposal and amend the RAGs accordingly. Modifications to encapsulate the proposed protocols are predominantly contained in Part 3, section 16 of the RAG Rx – updates to the RAG Tx mostly remove proposed text and include new references to the relevant part of the RAG Rx.  
Regarding the term ‘guard band’, the ACMA’s view is that this is not appropriate terminology for the purposes proposed. Since the 2.5 MHz segment can still be used, but requires some compromise, the ACMA uses the term ‘restricted segment’ to describe the 2.5 MHz in question.
Additionally, this outcome renders Telstra’s concerns about the application of first in time requirements moot so they do not need to be addressed in updates to instruments.
[bookmark: _Toc81491906]Terminology and accommodation of the 1 MHz downshift
Telstra suggested alternate terminology for the definition of the various bands and segments under consideration. They also requested that all references to band edges and channel edges in the 850 MHz upper sub-band are specified to accommodate the 1 MHz downshift.
ACMA response
The following nomenclature has been adopted across the final technical instruments:
850 MHz original band – 825–845 MHz and 870–890 MHz
850 MHz expansion band – 814–825 MHz and 859–870 MHz
850 MHz band – both the 850 MHz original and 850 MHz expansion bands; that is, 814–845 MHz and 859–890 MHz. 
900 MHz band – 890–915 MHz and 935–960 MHz
It should be noted that in these terms are also adopted in the auction guide but are not used in the re-allocation declaration or the marketing plan. Further, the term 850/900 MHz band refers only to the 850 MHz expansion band and 900 MHz band in those documents. Additional text will be added to relevant parts of the sample spectrum licence to foreshadow where amendments will be required once the 
1 MHz downshift has occurred, prior to 18 June 2028.
[bookmark: _Toc81491907]Sample spectrum licence
Out-of-band emissions in 960-970 MHz 
An outcome of the TLG was a proposal to include an additional 9 dB total radiated power allowance (TRP) to facilitate the eventual rollout of advanced/active antenna systems (AAS). The draft frameworks proposed to extend the additional power allowance for AAS to out-of-band emissions as well, over and above the NR-based limits, which are already relaxed compared to existing limits in spectrum licences for the 850 MHz original band. However, to manage coexistence concerns with adjacent-band aviation services it was proposed that the additional 9 dB allowance would not apply for non-spurious out-of-band emission limits above 960 MHz (this effectively means the additional 9 dB would not be permitted between 960 and 970 MHz, noting conditions for spurious domain emissions that permit the additional allowance take effect from 970 MHz onwards).  Ericsson and Optus expressed opposition to this proposal whereas Air Services Australia supported it. 
ACMA response
Adoption of harmonised technology specifications such as those developed by 3GPP are important inputs to the development of new or revised spectrum licence frameworks for wireless broadband uses. However, there are other relevant factors that need to be considered, including managing coexistence, which means that in some circumstances, it may not be appropriate to propose blanket adoption of all elements of those specifications. 
In making the formal proposals for the technical framework, the ACMA carefully considers the balance of the impact on spectrum licensees of not adopting 3GPP arrangements in their entirety and the impact on coexistence with other spectrum users. The ACMA has not received any evidence to suggest it should deviate from its proposal and therefore has maintained the arrangements as proposed.   
Importantly, this approach does not preclude the use of AAS; rather, it means that devices using AAS in higher 900 MHz blocks will need to meet a prescribed out-of-band total radiated power (TRP) that is equivalent to the conducted power of a single transmitter (there are a number of trade-offs that can be made to do this). It is likely that the impact of these types of measures will only be significant for higher power deployments.
OOBE limits for non-AAS
AMTA suggested that a footnote be added to Tables 1 & 3 in Schedule 4 of the sample spectrum licence clarifying that the out-of-band emission limits are applied per port in a multi-port sector (non-AAS).
ACMA response
The ACMA agrees with this suggestion which will be adopted in the final sample spectrum licence. 
Definition of TRP
AMTA and Telstra raised issues with the definition of total radiated power in the sample spectrum licence. They consider that the reference to horizontal beamwidth is inappropriate because it only measures half of the total power emitted from the antenna (namely, the horizontal plane while ignoring the vertical plane). As such, it will be 3 dB lower than the output of the transmitter. The AMTA submission proposed an alternative definition. 
ACMA response
The definition of TRP has been updated so it includes all power radiated from an antenna over the entire radiation sphere. This definition is consistent with other spectrum licensed bands where provisions for AAS have been included.
Emission limits for receivers
AMTA identified some inconsistencies in the out-of-band emission limits for receivers defined in Tables 8 and 9 of the sample spectrum licence. AMTA also requested that the unwanted emission limits for non-AAS receivers defined in Table 8 should be defined in terms of ‘mean power per receiver’ (with a clarification that this is per-port).
ACMA response
Inconsistencies have been rectified through the following modifications:
For non-AAS receivers:
limits in Table 8 are specified as ‘mean power per receiver port’
clarified for receivers operating in 814-845 MHz and 890-915 MHz that have an antenna connector which supports both a transmitter and receiver, that the receiver only needs to comply with the unwanted limits in Table 3.
Receivers with AAS are to comply with the unwanted limits in Table 4.
[bookmark: _Toc81491908]RAG Tx (excluding 890 MHz boundary elements)
Protection for the trunked land mobile service (TLMS) (Part 3)
AMTA suggested inclusion of descriptions of current TLMS frequency arrangements, along with a transition date to new arrangements.
ACMA response
The ACMA has decided not include current arrangements for TLMS in the RAG Tx. Given the spectrum licences are not scheduled to take effect until after TLMS services have transitioned to new arrangements, the only relevance that current arrangements might have is to enable early access. Early access provisions (if applicable) will be made separately and on a case-by-case basis.
Regarding potential interference between licensees in the 850 MHz original band and TLMS that is yet to transition to new arrangements, any agreement to vary existing licences will include conditions that current adjacent band services continue to be protected until completion of transition to new arrangements in accordance with the ACMA’s long-term strategy for the 803-960 MHz band.
[bookmark: _Toc81491909]RAG Rx (excluding 890 MHz boundary elements)
Protection from TLMS (Part 3, Section 13)
AMTA suggested that the reference to Radiocommunications Assignment and Licensing Instruction (RALI) LM08 be removed as it does not contain coordination requirements with respect to 850 MHz spectrum licensed receivers. They also suggested that coordination requirements on mobile transmitters (both apparatus and spectrum-licensed) are impractical and should be removed. 
ACMA response
The reference to RALI LM08 will be retained but the wording amended to correctly outline the information contained in the document. 
The reference to the TLMS base-receive (mobile transmit) segment 806-809 MHz will also be removed. While the RAG Rx provides guidance on the management of out-of-band interference to receivers operating under an 850/900 MHz band spectrum licence, removing reference to the TLMS base-receive segment does not change the requirement for unregistered devices not to cause interference to registered devices. This applies to both unregistered TLMS mobile transmitters interfering with registered spectrum-licensed base receivers and unregistered spectrum-licensed mobile transmitters interfering with registered TLMS base-receivers. 
Protection of 850 MHz user equipment (UE) receivers (Part 3, Section 14)
AMTA suggested deletion of the text: ‘the coordinated nature of base station transmitters and receivers operating in both the 850 MHz band and the 900 MHz band does provide some natural, although only partial, mitigation of interference potential’.
ACMA response
This is a factual statement; however, the text does not provide additional guidance on the management of out-of-band interference and can therefore be removed. 
Compatibility requirement (Part 5, Section 19)
AMTA suggested removal of provisions supporting opposite site-sense stations and removal of the conditions related to the heights of fixed receivers in the base receive sub-bands. 
ACMA response
The ACMA is comfortable that the risk that was managed by this provision originally in the superseded 800 MHz RAG Rx is sufficiently low and can accept deletion of the text as proposed.
Notional receiver performance level (Schedule 1, Section 1 and Schedule 2)
AMTA requested that the receiver sensitivity level be modified from -101 dBm/(5 MHz) to -95.7 dBm/(5 MHz) to align with PREFSENS+6dB as defined in 3GPP TS 38.104.
AMTA also suggested that the minimum wanted signal level of base station receivers can be lower than the -83 dBm/(5 MHz) in Schedule 2 and therefore the specification of a minimum wanted signal level can be misleading. AMTA requested the replacement of this two-part compatibility requirement with a single maximum unwanted signal level of -108 dBm/(5 MHz), which translates to an I/N ratio of -6 dB.
ACMA response
These suggestions will be adopted in the final RAG Rx. In addition, the final RAG Rx will also include a separate sensitivity level of -89 dBm/20 MHz for channel bandwidths greater than 20 MHz, which is consistent with 3GPP TS 38.104.
Adjacent channel selectivity and receiver blocking (Schedule 1)
AMTA suggested further guidance be included on the values for adjacent channel selectivity (ACS) and receiver blocking. 
AMTA also proposed the deletion of the second row of the receiver blocking table for base station channel bandwidths of 25 MHz and above and a minimum frequency offset of the interfering signal of ±30 MHz, noting that this scenario is not relevant in sub-1 GHz bands. They also suggested replacement of this row with relative blocking requirements for channel bandwidths greater than 20 MHz (owing to the different reference sensitivity level for channels greater than 20 MHz). 
ACMA response
The additional guidance on the explicit meaning of the figures for relative adjacent channel selectivity and relative blocking requirements will be included in the final RAG Rx, this being the ratio of the receiver sensitivity level and the unwanted signal level (this will make the calculated unwanted signal level consistent with 3GPP TS 38.104).
The proposed wording describing frequency offsets was directly based on 3GPP standards. The ACMA agrees that this would be inconsistent with other spectrum licence frameworks and will amend the relevant parts of the blocking table (and ACS table). This will not materially alter the receiver blocking requirement from that proposed – it is simply a matter of interpretation (noting that we will also correct a typographical error which had the blocking requirement ratio as 52.7 dB for channels greater than 20 MHz; it will be amended to 46 dB which is consistent with 3GPP TS 38.104).  
The finalised instrument also includes an ‘out-of-band’ blocking requirement which is consistent with 3GPP standards as well as frameworks for other spectrum licensed bands which support 4G/5G technologies.
Receiver intermodulation response rejection
AMTA proposed that the table outlining receiver intermodulation response rejection performance requirements be replaced with a reference to the relevant section in the 3GPP standards and reference to a new Annex in the RAG Rx. 
ACMA response
A simplified table will be maintained for consistency with the rest of the document and to ensure technical requirements are contained within the document without users having to unnecessarily cross reference other publications. 
Include existing bands in Rx RAG
Telstra noted that the 825–845 MHz and 870–890 MHz bands should be included when remaking the RAG Rx but that the consultation draft did not include these bands. 
ACMA response
The RAG Rx, the RAG Tx and the Unacceptable Levels of Interference determination are intended to cover both the bands being auctioned (814–825 MHz/859–870 MHz and 890–915 MHz/935–960 MHz) and the existing spectrum licensed bands 
(825–845 MHz/870-890 MHz).
[bookmark: _Toc81491910]Unacceptable Levels of Interference Determination
Device boundary criterion (DBC) violations
AMTA and Telstra identified that under the draft instrument, device boundary criterion (DBC) violations across St Vincent’s Gulf and Bass Strait may be inadvertently exempted from the technical framework. 
ACMA response
Similar text to that which was included in other recently amended section 145 determinations, such as those for the 2.3 GHz and 3.4 GHz bands, will be included as a condition in the definition of unacceptable level of interference in section 10 of the Unacceptable Levels of Interference Determination. 
Schedules in current technical framework for the 850 MHz original band
Telstra requested that schedules 4 and 5 in the current section 145 determination for the 850 MHz original band be included in the new Unacceptable Level of Interference determination. These schedules provide guidance on how to calculate propagation loss and maximum power. 
ACMA response
The requested information has not been included in more recent section 145 determinations. These determinations are more direct in their application than advisory guidelines which might contain more narrative around possible approaches to the application of technical instruments. The users of these instruments are expected to be technically informed and skilled in the calculation of interfering power and its contributing factors (including propagation loss), so it is the ACMA’s view that such guidance is redundant in a section 145 determination. 
Reference to Hata Model
Telstra requested that a footnote be included in Schedule 2 Part 3 that acknowledges that the propagation model is based on the Modified Hata propagation model described in ‘ERC Report 068’ published by the European Conference of Postal and Telecommunications Administrations (CEPT) in 2000 and revised in 2002.
ACMA response
[bookmark: _Hlk59627494]The requested note is a statement of fact and, while largely redundant to the operation of the determination, the ACMA has no issue with its inclusion.
[bookmark: _Hlk78808311]Other issues not raised in submissions
The level at which devices are exempt from registration in the 850/900 MHz marketing plan is a radiated maximum true mean power (i.e., EIRP) that is less than or equal to 25 dBm and 30 dBm per occupied bandwidth in the base-receive and base-transmit frequency segments respectively. These limits, derived from 3GPP standards, were not commented on by the 850/900 MHz TLG or in submissions to the public consultation process (although one submission to the TLG process did propose that they should be expressed as a TRP, rather than EIRP, which was not adopted). Consequently, they have been adopted in the marketing plan sample spectrum licence. 
It has subsequently been identified that these limits may not cover all existing types of mobile devices that are currently exempt from registration under current licences in the existing 850 MHz and 900 MHz bands. ACMA staff also note that prospective 850/900 MHz licensees may also wish to be able to operate similar devices under any licences issued to them. 
In order to finalise the marketing plan in the lead up to the allocation of 850/900 MHz licences, the ACMA does not propose amending the registration exemption limits at this point. This issue may be given further consideration after the allocation process and before newly allocated licences commence in 2024. In the meantime, the existing arrangements regarding the exemption of registration of devices would continue to apply to licences in the 850/900 MHz bands. 

[bookmark: _Appendix_A][bookmark: _Toc348105641][bookmark: _Toc81491911]Appendix A
We received 11 submissions from the organisations listed below. They are available on the ACMA website. 
Airservices Australia
Australian Mobile Telecommunications Association (AMTA)
[bookmark: _Ref75796411]Connected Farms[footnoteRef:5] [5:  No comments were made on the technical engineering aspects of the allocation instruments. ] 

[bookmark: _Ref75796455]Ericsson[footnoteRef:6] [6:  Explicitly supported the submission from AMTA. ] 

Field Solutions Group4
NBN Co
Nokia5
Optus
Pivotel4
Telstra5
TPG.5
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