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IMT-2030 (6G) SPECTRUM NEEDS ANALYSIS



1. Introduction
This contribution provides a preliminary spectrum needs analysis for IMT-2030 based on assessment methods that are straight-forward, and not over-complicated technically and creates a link between most relevant use cases and their spectrum implications/needs.  The estimated additional spectrum need per network is ~500 to ~750 MHz depending on the existing mid bands spectrum available for IMT and on the number of networks in a specific country. Further work is on-going to analyse the implications of a number of other IMT-2030/6G use-cases. Further results or information will be provided to future APG meetings.
IMT-2030/6G activities are underway in various research, industry, and regulatory bodies. Spectrum remains a critical enabler and spectrum discussions have started in global, regional and national groups. APG is invited to consider the need for a WRC-27 agenda item to address the additional spectrum needs of IMT-2030/6G.
2. Proposal
APG is invited to consider elements in this contribution in relation to addressing a WRC-27 agenda item for IMT.













IMT-2030 / 6G spectrum needs analysis 

Introduction

This contribution provides a preliminary analysis on the spectrum needs of specific use cases relevant for IMT-2030/6G. As IMT-2030/6G use cases are still under research and development, the set of use cases is not exhaustive but should provide some insight into the future development of IMT and to the corresponding spectrum implications.

It is to be noted that similar to the previous cellular generations, one essential component for the success of IMT-2030/6G is the possibility to provide wide contiguous coverage, servicing both indoor and outdoor users and enabling mobility. From this perspective, looking for suitable spectrum range(s) to accommodate future growth is essential. 

Generally, the lower the frequency the better in terms of propagation, cell size, device complexity and economic network deployments. In addition, certain applications and use cases can be deployed more economically and/or optimally in certain frequency ranges than in others. For instance, Key Performance Indicators (KPI) of outdoor wide area coverage of mobile broadband applications can be met in a more economical way using relatively lower frequencies than higher frequencies. Therefore, the search for spectrum for IMT-2030/6G involves two fronts: finding ‘sufficient’ and ‘adequate’ spectrum. It is also noted that APT is considering the entire range 7-24 GHz and the sub-THz range within 92-300 GHz in its questionnaire.

In the following calculations, the cell-edge Spectral Efficiency (SE) of IMT-2030/6G is assumed to be twice that of IMT-2020/5G, which is a forward-looking assumption with the consideration that IMT-2030/6G will have advanced development of its air-interface technology compared to IMT-2020/5G. For several use-cases such as immersive XR, we also assume advanced video codec, VVC (Versatile Video Coding), along with an optimistic assumption on the compression ratio (e.g., 800:1).



Spectrum needs estimation methods  

There is a need to consider different methods for estimating spectrum needs for IMT-2030. This is due to the fact that the requirements of the different IMT-2030/6G use cases can be very divergent. Also, for IMT-2020 [1], there were various methods: traffic forecast-based approach, application-based approach and technical performance-based approach. 
Both methods adopted in this document are technical performance-based. In addition, the approach considers various data-rate requirements of different IMT-2030/6G use cases. Hence, this approach would provide a preliminary analysis of the spectrum needs for each application with straight-forward, not overly complicated technical assessment methods. More accurate spectrum needs calculations would require many assumptions including country/deployment dependent (density of population, IMT-2030/6G penetration, etc.) data. 
The methods used in this document are presented in the following sub-sections.

Method 1: Data rate and spectral efficiency based method [1]


where:
· 
One active user is assumed at the cell edge in a cell requiring a data rate .  
· 

 is the amount of spectrum (Hz) required to support a certain data rate . 
· 
is the required data rate (bit/s) by a user/device. 
· 
is the 5th percentile spectral efficiency (bit/s/Hz/cell), namely, the cell-edge spectral efficiency (a.k.a, cell-edge SE).
As mentioned earlier, the cell-edge SE of IMT-2030 is assumed to be twice that of IMT-2020, the latter is specified in ITU-R M.2410. In ITU-R M.2412, which contains the assumptions and evaluation methodology that led to the spectral efficiency figures of M.2410, 10 active users were assumed in a cell. Hence, by using the IMT-2020 SE (and the methodologies described in M.2412, M.2410) as a baseline for estimating the SE of IMT-2030, this calculation method implicitly assumes 10 active users in the entire cell, of which 1 user is located at the cell edge. While multiple users are served in the same cell, it is expected that the cell-edge user dominates the spectrum needs due to reduced spectral efficiency.

Method 2: High accuracy sensing/positioning based method [2]

This method is suitable for use cases where high accuracy sensing and positioning is needed.

where:
· 
 is the required bandwidth (Hz).
·  is the speed of light (m/s).
·  is the range resolution (m). 



Spectrum needs estimation of some IMT-2030/6G use cases

XR  

Extended Reality (XR) is an umbrella term encompassing Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR). In conventional XR, the data processing required to present immersive experiences are carried out by the user devices themselves, thereby contributing to the size/weight, complexity, cost and energy consumption of the user devices. To mitigate this, cloud-based technologies and XR will be brought together to deliver superior experiences via cloud-based platforms, i.e. Cloud XR [3].

In Cloud XR, content will be stored, rendered and computed in the cloud, i.e. in the network. This will greatly reduce the computing load and energy consumption of XR devices. As such, lightweight devices and network communication are combined to provide ubiquitous XR services across the network [4].

IMT-2020 Cloud XR [4] currently supports a motion-to-photon (MTP) latency of less than 20 ms and end-to-end latency of up to 70 ms. Towards 2030 and beyond, the end-to-end latency of cloud XR is expected to be further reduced to below 10 ms through the use of IMT-2030 technology. A fully immersive XR experience requires 16K16K resolution, a frame rate of at least 60 Hz (for single eye), and each pixel being represented by 12 bits. To reduce motion sickness, the required throughput will approximate be 0.45 Gbit/s[footnoteRef:2], given a 800:1 compression ratio.  [2:  Assumptions: 
- 16K16K resolution
- Raw data: 16384 (pixels width)  16384 (pixels height)   12 (bits/pixel, assuming YUV420 for RGB)  60 (frames/s) /1024 /1024 /1024  = 180 Gbit/s (scaling from bit/s to Gbit/s)
- VVC (H.266): Raw data / 800 = 0.225 Gbit/s
- For stereo (two eyes): 0.225 Gbit/s2=0.45 Gbit/s (compressed by VVC)
] 


Table 4 shows the required bandwidths for Cloud XR, derived based on Method 1 (), assuming a cell-edge SE of 0.45 bits/s/Hz/cell for outdoor and 0.6 bits/s/Hz/cell for Indoor, and a link throughput  of 450 Mbit/s.

The resulting B (in MHz) is as follows assuming a dense-urban eMBB scenario in the calculation.
TABLE 4
DL Spectrum needs to support Cloud XR
	DL spectrum needs for Cloud XR (GHz per Network)

	Indoor
	Outdoor

	0.75
	1




Holographic communications

Holographic communications are expected to be widely used, e.g. for social communication, work and training, healthcare, education, retail and shopping, entertainment, and in industry production facilities. This use case may start indoors but expand to outdoor environments shortly after its adoption, similar to voice and video applications in previous mobile generations. This will bring a fully immersive experience to users without the restrictions of time, space, and the boundary between the real and virtual worlds. It will require future IMT-2030 networks to provide information exchange capabilities supporting real-time 3D display and fast transfer of holographic images.

Holograms are mainly generated with image- and volumetric-based method [5]. Image-based holograms (e.g. Light Field Video) have the characteristics of high-fidelity image and are conceptually simple, but requires significant storage and transmission bandwidth. It is expected to require up to 1 Tbit/s bandwidth [4, 6]. Another way is to base holographic representation on volumetric media (e.g. point clouds). The objects are represented as sets of 3D volume pixels (i.e., voxels). The actual image is then dynamically rendered from any viewing angle at the local endpoint, which will greatly reduce the requirement of bandwidth. 

As shown in the figure below, networks are required to support a throughput of approximately over 500 Mbps, if based on the volumetric-method (e.g. point clouds). Note that this figure is just an illustrative indication of data rates required and does not present any typical outdoor use case of holographic communications. 




[image: ]
Figure 1. Data-rate requirement evolution for Holographic communications [5]
Considering such a required data rate of 500 Mbps, and using Method 1 with a cell-edge spectral efficiency of  = 0.45 bit/s/Hz for outdoor and  = 0.6 bit/s/Hz for indoor, the DL spectrum needs for Holographic communications can be estimated as shown below:
Table 5. DL spectrum needs for Holographic communications
	DL spectrum needs for Holographic communications (GHz per Network)

	Indoor
	Outdoor

	0.83
	1.1



On the other hand, if using image-based holograms (e.g. Light Field Video) to achieve hologram images, it is expected to require between 100 Gbit/s and 1 Tbit/s data-rate [5, 6] for the transmission of these images, which implies a huge amount of spectrum (approximately above tens of GHz) needed to realize this holographic experience, in addition to the need, e.g., for either a high resolution LCD panel with optics or a projector array system.

Integrated sensing and communication (ISAC)/Joint communication and sensing

Integrated sensing and communication (ISAC) or Joint communication and sensing (JCS), is a new use case envisioned for IMT-2030/6G [4]. It will include various applications such as object positioning and monitoring, real-time wireless map construction, and will also help to improve the performance and efficiency of the communication system itself, by optimizing the utilization of radio resources when sensing information are taken into account.

[bookmark: _Hlk124078056]The sensing resolution, , is defined as the resolution with which the location of objects can be determined and is one of the key technical performance indicators for sensing applications. Different applications have various requirements on the sensing range resolution. For example, sensing range resolution can be in the order of tens of cm or dm levels for traffic management/collision avoidance etc. in the outdoor environment, but may need to be at cm or sub-cm level in smart factory or automatic assembly line applications [4] in the indoor environment. 

Sensing the locations of objects by directly using the reference signals transmitted in radio communication systems is a typical feature of ISAC systems [4]. With this, the spectrum required to satisfy the sensing performance is to a large extent the same spectrum that is used by the communication system.
	
By using Method 2 as introduced in the previous section, Table 7 below shows the bandwidths required for different values of sensing range resolution, considering that in outdoor scenarios such as outdoor traffic management/collision avoidance, more relaxed accuracies, e.g., dm levels may be sufficient. Such outdoor scenarios are of high relevance in the context of this document since these are the ones that would be adding to the mobile network traffic; hence Table 7 represents the relevant figures for outdoor applications.
Table 7. Required contiguous bandwidth – applicable for outdoor applications
	Sensing range resolution  (in cm)
	50
	20

	Required bandwidth B (GHz)
	0.3
	0.75



On the other hand, certain industrial use cases, mostly in the local-area and indoor environment, may require mm or cm level range resolution, thus corresponding to the spectrum needs shown in Table 8:
Table 8. Required bandwidth – applicable for certain industrial applications
	Sensing range resolution  (in cm)
	1
	<1

	Required contiguous bandwidth B (GHz)
	15
	>15



In addition, it must be noted that due to the feature of integrated/joint sensing and communication, sensing can be done in a time-division manner or directly using the reference signals, together with communication. Therefore, the spectrum needs of integrated/joint sensing and communication is not expected to increase the overall spectrum needs resulting from other IMT-2030/6G use cases (e.g., XR and holographic communications).



THE SUMMARY OF SPECTRUM NEEDS OF SOME IMT-2030/6G USE CASES

[bookmark: _Hlk124003906][bookmark: _Hlk123835541]In this contribution, examples of preliminary calculations of spectrum needs for some specific use cases relevant for IMT-2030/6G are provided. This set of use cases is not exhaustive but should provide some insight into the future development of IMT and to the corresponding spectrum implications by using straight-forward, not overly complicated technical assessment methods. Spectrum needs results estimated from each considered use case are summarized in the table below:

Table 9. Estimated required spectrum needs per network to support the studied IMT-2030/6G use cases

	Unit: GHz
	XR
	Holographic communications
	ISAC/JCS

	Wide area use cases 
	1
	1.1
	0.3-0.75

	Local area use cases 
	
	>10s of GHz
	>15



In this summary Table, the split is done to differentiate between cases where usage of IMT-2030/6G use cases is required for wide-area outdoors and/or with supported mobility versus the case where usage of IMT-2030/6G is for local-area/indoors.   

Each expected IMT-2030/6G use case will have different spectrum bandwidth needs due to different bit rate requirements, etc. The overall spectrum needs of IMT-2030/6G will need to correspond to the aggregated spectrum needs of the different IMT-2030/6G use cases. 

However, some of the considered use cases are mutually exclusive, for instance XR and holographic communication would not be used at the same time by the same user, but in a given cell there could be a mixture of those use cases, by different users. On the other hand, some use cases could be realized at the same time by the same user. In this latter case, the spectrum needs of these use cases should be added up.

With that, from the summary table, the aggregated spectrum needs required to enable mobility and outdoor application of the analyzed IMT-2030/6G use cases are estimated to be in the order of 1 GHz per network. If assuming typically 3-4 networks in a country, and that in the long term, existing mid bands spectrum will be re-used for IMT-2030/6G wide area use cases, the overall additional spectrum needs will approximately be 2 to 3 GHz for the analyzed wide-area use cases (corresponding respectively to the cases of 3 and 4 operators in a country). This estimation is based on the simplistic assumption that all existing mid bands spectrum available for IMT (roughly ~1GHz) will solely be used to address the analyzed IMT-2030/6G wide area use cases, i.e., not considering existing MBB usage. So based on above, the estimated additional wide-area spectrum need per network can be rounded to ~500 - 750 MHz depending on the existing mid bands spectrum available for IMT and on the number of networks in a specific country.  It should be noted that the lower the frequency range the better from coverage and mobility perspectives as spectrum bands do not have the same propagation characteristics. On the other hand, the estimated spectrum needs of the local-area, indoor use cases are around tens of GHz, suitable for short range type of usage in extremely high frequencies.

Since no single frequency range satisfies all the criteria required to deploy IMT systems, the type of deployment scenario (e.g., urban, sub-urban, local area/indoors, etc) and propagation characteristics of the different frequency bands will have a direct impact on which spectrum ranges the specific use case can be deployed in (e.g., existing IMT spectrum, potential new spectrum which could be identified at WRC-23, and/or potential new spectrum at WRC-27).

Further work is on-going to analyse the spectrum needs of a number of IMT-2030/6G use-cases as well as adequate and suitable spectrum ranges for implementation of those use cases, to be provided to future APG meetings.
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Attachment:
Global mobile Suppliers Association - GSA
The Industry Voice of the Global Mobile Ecosystem
We promote the 3GPP technology roadmap.

About GSA
GSA was established in 1998 as a not-for-profit association to represent the broader mobile ecosystem of suppliers and mobile network technology developers. GSA is now well established and broadly respected in the industry and our research is contained in summary & member reports that promote the development and progress of 3GPP technologies. GSA data is referenced globally.
In recent years GSA has strengthened its Executive Board and Ordinary Membership which now consists of many of the leading ecosystem suppliers. In addition, as GSA has expanded its research functions and industry databases – known as GAMBoD – there has been major growth in the number of GSA Associate subscribers who gain access to exclusive Member Reports and GAMBoD databases. Over 100 businesses, regulators, analysts etc. participate and drive the success of GSA.

Research
The GSA research team produces valuable data on the evolution and roll out of 3GPP technologies, global spectrum assignments, devices, networks and new industry initiatives all of which feeds into GAMBoD databases and GSA industry reports, presentations and fact sheets.

Spectrum Group
The GSA Spectrum Group consists of over 190 participants from Member companies split into 7 regional teams, as well as specific focused working groups. The Spectrum Group responds to regional consultations, advises on spectrum related issues, and is a driving force in the promotion, harmonization and release of spectrum for IMT/3GPP technologies.

Standards Group
The GSA Standards Group’s objective is to ensure the long-term success of a global 3GPP ecosystem, which in turn will play a vital role to meet general societal expectations for connecting people and devices globally. 

Special Interest Groups (SIG)
The 4G-5G Fixed Wireless Access Forum is a special interest group that promotes 3GPP technologies for fixed wireless applications and produces reports and research to support the growth of this market segment.
The Private Mobile Networks Special Interest Group is collecting and collating data on non-public-mobile-networks to support more accurate industry data on this growing mobile market segment.
Website
https://gsacom.com is the home of GSA where registered users can freely download reports, presentations, infographics and access on-line tools to gain a clear understanding of the long-term success of 3GPP technologies. GSA Member companies and Associate subscribers gain access to a broader range of detailed reports, GSA resources, and can access & filter data & create graphs from GAMBoD databases.

Membership of GSA
Companies who are part of the worldwide mobile ecosystem, engaged in the supply of infrastructure, semiconductors, test equipment, devices, mobile applications, and support services can become a member of GSA. Alternatively, it is possible for any company to subscribe to gain access to all GSA resources as an Associate. GSA offers a 60% discounted Associate fee for regulators, government agencies, mobile operators (with licensed spectrum) and universities.  Regulatory associated organisations that are associate members of GSA include IMDA, Comreg, ISED, ARCEP, CAICT, ECO, OFCOM, IFT, MCMC, TRA, CSTC, etc. at a cost of around $1.3k per annum.

Industry representation
GSA is a Market Representation Partner in 3GPP and co-operates with other key organisations including ETSI, GSMA, GCF, MFA, OnGo Alliance, 5G-ACIA; and is an Associate Member of APT, CITEL and ATU regional ITU bodies.

Contact GSA
Email: admin@gsacom.com Web: https://gsacom.com 
GSA is an Association governed by Swiss law with its seat in Zürich, Switzerland and business offices in the UK and Singapore.


	Contact:
	Stuart Cooke
GSA
	Email: stuart.cooke@Samsung.com 
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