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1. Executive Summary

Broadband High Power User Equipment (HPUE) has the potential to deliver significant benefits to the critical
communications sector. Specialised HPUE devices, operating at higher transmit powers than typical off-the-shelf
consumer broadband devices, will extend mobile coverage — helping to ensure that critical communications users
stay in contact, even while operating in remote locations or inside network coverage blackspots.

This TCCA white paper summarises the findings from a targeted market survey conducted by TCCA’s Critical
Communications Broadband Group (CCBG) Mission-Critical HPUE task force!. The objectives of the survey are to
understand the market requirements for mission-critical HPUE, identify potential challenges and ultimately to advise
user organisations, critical communications operators and equipment suppliers on the successful development,
deployment and use of HPUE solutions.

The survey respondents represented a wide variety of critical communications users including public safety first
responders, coastguards, military and mobile workers within sectors such as utilities, transport and natural resources.

The findings from the survey cover the following topics:

e Mission-critical HPUE use cases: the most popular use case is handheld device coverage enhancement. Other
use cases indicated include vehicle-based equipment, off-network device-to-device (D2D) comms, in-building,
Air-Ground-Air, non-terrestrial networks (NTN), rail, maritime, fixed wireless access, hybrid broadband and land
mobile radio (LMR) devices.

¢ Deployment timeframe: the majority of respondents indicate that they are expecting to deploy HPUE solutions
within five years, with a significant proportion requiring HPUE immediately.

¢ Device requirements: the survey captured requirements for a wide ecosystem of HPUE device types, with
ruggedised handheld devices being most popular. Other devices required include vehicle-mounted user
equipment, routers and relays, traditional two-way radio-like devices, hybrid broadband/LMR and ruggedised
tablets.

¢ Frequency spectrum requirements: the survey respondents indicated a wide range of frequency bands (34
bands in total) that may potentially be required for HPUE deployments. The most popular are B28 (700MHz), B3
(1800MHz) and B68 (700MHz). A significant proportion of the other indicated bands are not currently specified
for HPUE use and some are not even defined within the 3GPP standards at all.

e Cross-organisation collaboration: the majority of respondents indicate that they are currently considering
infrastructure and spectrum sharing when deploying mission-critical broadband networks. This will present
a challenge for the deployment and use of HPUE devices - there may be the risk of HPUE users generating
interference for other users.

¢ Potential deployment challenges: whereas a significant proportion of respondents indicated that they currently
foresee no challenges to deploying mission-critical HPUE in their countries, the following potential challenges
were identified:

e Regulatory constraints - higher transmit power levels may mean that devices, especially handheld models, fail
to meet safety limits for radio frequency (RF) energy exposure.

e Spectrum availability - there is a concern that national regulators may not permit use of HPUE in the required
spectrum.

e Interference generated by use of HPUE devices in adjacent bands.
e Lack of commercially-available HPUE products.

e Lack of cooperation from nationwide mobile network operators, where support for HPUE is not included in
their strategy or spectrum plans.

 Survey conducted during Q1 2023
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The white paper concludes by summarising the next steps that the Mission-Critical HPUE task force will take to help
ensure successful mission-critical HPUE deployment and use, which are:

¢ To quantify the market demand for HPUE solutions and build a compelling business case to share with regulators,
operators and suppliers.

e To work with standards organisations and national bodies to drive availability of additional spectrum for HPUE
deployments.

e To provide guidance to user organisations on the safe and effective use of HPUE solutions.

e To help ensure that equipment manufacturers develop a broad ecosystem of HPUE solutions that meet the
demanding requirements of critical communications users and are safe to use.

e The task force will also create and distribute material to highlight the benefits of mission-critical HPUE devices
and address any concerns regarding their use.

2. Introduction

This white paper provides insights into the results of a market survey of the requirements for mission-critical
High Power User Equipment (HPUE), conducted by the Mission-Critical HPUE task force within TCCA’s Critical
Communications Broadband Group (CCBG).

Many organisations are planning to deploy broadband technologies - 4G and 5G - to deliver mission-critical
communications that will greatly enhance the safety and operational efficiency of first responders and mobile
workers within sectors such as utilities, transport and natural resources. The 3GPP standards define HPUE as classes
of broadband devices that operate with higher transmit powers than typical commercial off-the-shelf (COTS) devices.

TCCA has established a task force within the CCBG to focus on mission-critical use of HPUE devices. As an initial
activity, the task force conducted a market survey to better understand the use cases and requirements for mission-
critical HPUE. A targeted survey of TCCA members was conducted during the period February - March 2023. Survey
respondents were asked to answer a series of questions via an online questionnaire.

Ultimately the results of this survey will be used to:
1. Give advice to users and operators on successful deployment and use of mission-critical HPUE devices.
2. ldentify and help to overcome issues that may prevent deployment of mission-critical HPUE devices.

3. Provide guidance to manufacturers to help create an ecosystem of HPUE devices that meet mission-critical
requirements.

Please note that in this survey, “HPUE” is defined as broadband devices operating in the following LTE power classes:
e C(Class1:31dBm, 1.25W
e (Class 2: 26dBm, 400mW

e Although not included in the definition at the time of the market survey, 5G FR1 Class 1.5: 29dBm, 795mW will
also be considered by the task force going forward.

The questions were grouped under the following seven topics:
Mission-critical HPUE use cases

Deployment timeframe

Device requirements

Frequency spectrum requirements

Cross-organisation collaboration

Potential deployment challenges

N o v ok~ w N PR

Additional comments

This white paper presents the market survey findings for each of the above topics.
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2.1 Survey Respondents

To ensure high quality results, the survey was targeted at organisations and individuals within the critical
communications sector. A total of 36 responses were received from organisations located in Europe, Asia, Australia,
USA and Canada.

TCCA would like to thank all those who submitted responses to the market survey and shared their knowledge and
experience to support and advance the critical communications sector.

The survey respondents represented a range of different organisations within the critical communications sector, as
shown in figure 2.1a.

17%

30%
6%

47%
® An end-user of mission- ® A provider/operator of ® Supplier of broadband
critical communications mission-critical devices
and services communications services

@ Other (Please specify)

Figure 2.1a: Market Survey Respondents

Respondents who selected the “Other” organisation category comprised representatives of the following:
e Systems Integrator

e Consultant

e Product Certification

The end-user organisations that the respondents represent are shown in figure 2.1b.
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Figure 2.1b: End-user Organisations Represented
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The percentages shown at the top of each column in Figure 2.1b indicate the proportion of respondents who stated
that they represent each end-user organisation. For example, 78% of respondents stated that they represent police
organisations. Note that many respondents represented multiple end-user organisations (and so the percentages
across the columns add up to more than 100%).

Respondents who selected the “Other” organisation category represented the following:

Private security guards
Smart City users
Military/defence

Local council

Customs

Coastguard

Off-network comms services
Gendarmerie

Governmental users

As expected, the primary end users represented are in the public safety sector - police, fire and ambulance. However,
a broad range of other critical communications users are also represented, ensuring that the findings from the
survey cover a comprehensive set of use cases, requirements and challenges.

3. Market Survey Findings

3.1 Mission-critical HPUE Use Cases

The market survey respondents were asked to indicate the potential use cases for mission-critical HPUE. The results
are shown in figure 3.1.
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® Handheld coverage @® \Vehicle coverage ® Indoor coverage
enhancement enhancement enhancement
@® Off-network device-to- Telemetry/Internet of ® Fixed wireless access
device communications Things (loT)/Supervisory
Control & Data
Acquisition (SCADA)
@ Air-Ground-Air ® Non-Terrestrial Networks ® Rail
(satellite

communications)

® Maritime @® Other(s) (Please specify)

Figure 3.1: Mission-critical HPUE Use Cases
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Respondents who selected the “Other” category indicated the following additional use cases:
e Tunnel

¢ |sland coverage from mainland without local sites on island

e Hybrid broadband/LMR devices

It is interesting to note that the most desired potential use case is hand-held device coverage enhancement. Today,
the commercial use of HPUE is confined to vehicle-based devices - challenges such as radio frequency (RF) energy
exposure, device form factor and potential interference with other users will need to be addressed to enable safe
and effective use of handheld HPUE devices. The challenges to HPUE deployment are explored in section 3.6 below.

As can be seen in the results, off-network, device-to-device (D2D) communications is an essential requirement for
many critical communications users. HPUE may have an important role to play in helping to ensure communications
when users are operating outside of network coverage (remote locations, in buildings, tunnels, underground, etc.)
or in times of network outage. Proximity Services (ProSe) defined within the 3GPP specifications are currently
range-limited and are not considered fit-for-purpose for off-network critical communications - can HPUE help to
overcome these range limitations? Future releases of the 3GPP specifications will potentially include multi-hop D2D
communications to extend range (being considered for 3GPP Release 19) - HPUE may be able to extend coverage
further by increasing the range between devices.

Non-terrestrial networks (NTN) and the use of satellites to provide ubiquitous coverage is of great interest to the
critical communications sector. Today satellites are used to connect remote base stations and emerging direct-to-
device solutions have the potential to provide emergency communications, especially in remote locations. NTN
systems are typically uplink limited - i.e. low-power devices limit coverage and bandwidth. HPUE has the potential
to help to address these limitations.

If the deployment challenges can be overcome it is highly likely that HPUE will become one of the tools to help
ensure ubiquitous coverage for critical communications systems.

The use case for the rail sector is also compelling - on-board HPUE solutions have the potential to provide enhanced
and cost-effective communications between trains, stations and control rooms. Similarly, HPUE may provide
significant benefits for Air-Ground-Air and maritime deployments.

HPUE may also prove to be an attractive option for enabling data communications at remote locations, where cable-
based deployments are impossible or not cost-effective. For example, providing fixed wireless access for an isolated
facility or supporting telemetry to manage remote critical infrastructure - power grids, oil pipelines or water supplies.

3.2 Mission-critical HPUE Deployment Timeframe

The survey respondents were asked to indicate when they expect to start using HPUE for mission-critical use cases.
The results are shown in figure 3.2.

14%

25%

17%
44%

® As soon as possible ® Inlyear ® InSyears

® In10 years

Figure 3.2: Mission-critical HPUE Deployment Timeframe
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As can be seen in the chart above (figure 3.2), the majority of the survey respondents (44%) indicated that they are
looking to deploy HPUE solutions within the next five years, from 2023. This timeframe aligns with the majority of
mission-critical broadband system deployment roadmaps.

However, for those organisations who are more advanced in their deployments, there is an immediate need for
HPUE solutions (25% of respondents). Therefore it is important that any HPUE deployment challenges are identified,
understood and overcome as soon as possible (see section 3.6).

3.3 Mission-critical HPUE Device Requirements

The survey respondents were asked to indicate the types of mobile broadband devices required to enable the
mission-critical use cases highlighted in section 3.1. The results are shown in figure 3.3a.
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Figure 3.3a: Mission-critical HPUE Device Requirements

The following additional device requirements were identified in the “Other(s) (Please specify)” responses:

e Smart City (fixed) devices

e Hardware approved for aircraft use

e Body worn cameras

As can be seen above in figure 3.3a, the most popular HPUE device requirement is for ruggedised smartphones,
reiterating the requirement for handheld devices stated in section 3.1.

Interestingly there is also a strong requirement for devices with a form factor similar to traditional two-way radios,
rather than smartphones.

The chart in figure 3.3a emphasises the requirement for a variety of different types of devices to match multiple use
cases and different user needs.

The respondents were asked to indicate which broadband technology they are planning to use. The results are
shown in figure 3.3b.
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Figure 3.3b: Broadband Technology Requirements

As can be seen in figure 3.3b, the majority of survey respondents will require HPUE devices that support both 4G
and 5G technologies. Again, this is in line with mission-critical broadband system roadmaps - typically the immediate
focus is on 4G (due primarily to its greater maturity), with plans to migrate to 5G in the mid-term. Please note that
no respondent selected “4G only”.

The survey respondents were then asked to indicate which HPUE power class they would be most likely to require.
The results are shown in figure 3.3c.
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Figure 3.3c: HPUE Power Class Requirements

Considering the results shown in figure 3.3c¢, itis not surprising that the survey respondents indicated a preference for
the highest power class (class 1: 31dBm, 1.25W). However, as we will discuss later in this white paper, implementing
the highest power class will present the greatest challenges in terms of RF energy exposure, interference and device
design (e.g. battery life limitations).

LRWG QPP. September 2023 Page 9 of 15



3.4 Mission-critical HPUE Frequency Spectrum Requirements

The market survey respondents were asked to indicate in which bands they would want to use HPUE. Also, for those
bands where they wish to use HPUE, they were asked to indicate whether the band is available in their market for
HPUE use today, or in the future. Respondents were also asked to indicate whether they have a licence to use the
required bands in their country. The results are shown in figure 3.4.
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Figure 3.4: Mission-critical HPUE Frequency Spectrum Requirements

In figure 3.4. The grey dots above some of the columns indicate those frequency bands where HPUE use is not
defined today in the 3GPP standards (as per 3GPP TS 38.101, version 03-2024).

The respondents identified the following additional frequency bands where HPUE use should be considered:
e B7* & n7 (2600MHz)

e B5* & n5* (850MHz)

e B8* (900MHz)

e B26* (850MHz)

e B27* (850MHz)

e n28* (700MHz)

e nl100 (900MHz)

e nl101(1900MHz)

e 350-400MHz* (NATO)

e 380-420MHz* (excluding B87 & B88 - shown in Figure 3.4 above)
e NTN spectrum*

It is important to note that the frequency bands above marked with an asterisk are not defined for HPUE use today
(as per 3GPP TS 38.101, version 03-2024). Also, the two bands 350-400MHz and 380-420MHz are not specified at all
in the 3GPP specifications and these bands are not currently harmonised for IMT. Regulatory changes will clearly be
required to open these bands (and the bands indicated with the grey dots in figure 3.4) for HPUE use.

3.5 Cross-organisation collaboration

To gain an understanding of the survey respondents’ broadband deployment strategies, they were asked to indicate
whether, and how, they are planning to collaborate with other organisations (e.g. utilities / PPDR / Commercial
Operator / others). Sharing broadband spectrum and infrastructure may impact the ability to deploy HPUE. The
results are shown in figure 3.5.
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Figure 3.5: Collaboration

The “Other (please specify) responses were:

Common multi-tenant mission-critical network for all critical infrastructure organisations - an overarching (albeit
not very realistic) goal

Testing of HPUE device integration
Device vendors

Network operators

Infrastructure and spectrum sharing will present a challenge for the deployment and use of HPUE devices - there
will be the risk of HPUE users generating interference for other users. A coordinated approach will be necessary,
with HPUE use restricted to specific dedicated bands in areas where interference is likely.

3.6 Potential Mission-critical HPUE Deployment Challenges

The survey respondents were asked to provide details of any potential challenges that may impact their ability to
deploy mission-critical HPUE in their countries. The responses are summarised below:

28% of the respondents indicated that they currently foresee no challenges to deploying mission-critical HPUE
in their countries.

30% of respondents raised potential regulatory constraints. The higher transmit power levels may mean
that devices, especially handheld models, fail to meet Specific Absorption Rate (SAR) limits as defined by the
International Commission on Non-lonizing Radiation Protection (ICNIRP). This means that device manufacturers
will need to ensure that their HPUE products meet SAR limits. In addition to the regulatory challenge, this may
also generate resistance from user organisations. User organisations will need to provide adequate training and
conduct risk assessments to ensure that HPUE devices do not pose a risk to their staff.

16% of respondents stated that the lack of HPUE availability in their required frequency bands (as highlighted
above in section 3.4) may impact deployment. There is a concern that national regulators may not permit use of
HPUE in the required spectrum. This means that regulators will need to be presented with compelling business
cases and comprehensive assessments of impact on other users. Organisations such as TCCA can help to make
convincing arguments for the use of mission-critical HPUE solutions.

11% of the respondents raised the issue of potential interference generated by use of HPUE devices in adjacent
bands in the absence of spectrum coordination across national boundaries and between different user
organisations (including national defence RADAR). This means that careful spectrum planning and management
will be necessary and sufficient guard bands will need to be implemented. Again, this is an area where TCCA
can offer advice and guidance to user organisations, operators and regulators. Regarding HPUE equipment,
specialised filters may be required in devices and infrastructure to prevent cross-channel interference, which will
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mean potential cost increases and longer lead times. The Mission-Critical HPUE task force will explore methods
for mitigating this.

e 8% of the survey respondents highlighted the lack of commercially available HPUE products as a current, and
potentially future, limitation. There are very few HPUE products currently available on the market, and device
suppliers will only invest in developing mission-critical HPUE products if they see sufficient market demand.
Organisations such as TCCA can help to create compelling business cases by consolidating demand from multiple
geographical and vertical markets to drive an expanded HPUE device ecosystem.

e Potential lack of cooperation from nationwide mobile network operators or support for HPUE not being included
in their strategies or spectrum plans was raised by 8% of the respondents. It is clear that the demand for HPUE,
and the business opportunity, must be fully understood by all market players. Furthermore, coordination and
spectrum management will be necessary to avoid impacting other users.

3.7 Additional Comments

The survey respondents were asked to provide any further comments regarding deployment of HPUE for mission-
critical use cases. The comments received are listed verbatim below.

e |f the manufacturers of such a user equipment need field statistics from actual usage, we can use them in our
pilots and get first hand user feedback for them. This will ensure a faster sales cycle and also direct feedback from
who is going to use it finally.

e HPUE should be considered for V2X and Smart City applications.

e Extended Coverage in crisis situations is a must for the PPDR community!

® PPDR users need HPUE to gain trust in 4/5G networks especially when it comes to off-network connectivity.
e HPUE is probably necessary for 5G sidelink for effective D2D.

e Direct Mode functionality should be included in the investigation and further analysis of HPUE for mission-critical
use cases.

e We would really like this for vehicle-as-a-hub solutions.
e More power does mean more interference, so debatable how useful HPUE will prove to be in high density areas.

e |f broadband networks are to replace current narrowband PPDR (like TETRA, Tetrapol and P25), we need
significantly higher power to penetrate building losses and support D2D (ProSE) use-cases.

e HPUE is not a priority at the moment due to the lack of device support and the issues highlighted above. The
use cases and devices selected are an aspiration if the devices become available and the obstacles to roll out
mentioned above are addressed.

e For some use cases, device-to-device operation without a 4/5G network is required.
e for us itis important that we can deploy this worldwide on military missions.

e QOur HPUE systems have to be deployable for use in other countries.

e Are any vendors planning to design HPUE on bands other than B14 and B41?

e HPUE devices must be compact and easy to implement.

4. Conclusions

4.1 Key Takeaways

Multiple potential use cases for HPUE solutions were indicated by the survey respondents, with handheld device
coverage enhancement being the most popular. Challenges such as radio frequency (RF) energy exposure, device
form factor and potential interference with other users will need to be addressed to enable safe and effective
use of handheld HPUE devices. The use cases described - handheld, vehicle-based solutions, device-to-device
enhancements, rail and maritime systems, telemetry, non-terrestrial network applications - indicate that there is
significant demand for HPUE, but further work is necessary to quantify this demand. The use cases for rail applications
are of particular interest.
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A wide variety of different types of HPUE device and equipment will be necessary to meet different users’
requirements - the most popular being ruggedised smartphones and vehicle-mounted equipment: user devices,
routers and relays. In order to create a diverse device ecosystem, suppliers will need to be convinced of the HPUE
business case.

Availability of spectrum where HPUE can be deployed is critical, especially considering the increased risk of
interference with high-power devices. Today there are several bands defined within the 3GPP standards that are
available for HPUE use, but the survey respondents highlighted many more where HPUE deployment is required.

The majority of respondents indicated that they will be looking to start using HPUE solutions within the next five
years - this means that the challenges highlighted in the survey must be addressed immediately to enable successful
deployments.

4.2 Next Steps

Taking action to address the findings of the market survey, the CCBG Mission-Critical HPUE task force will now focus
on the following topics:

e Quantifying the market demand for HPUE solutions and building a compelling business case to share with
regulators, operators and suppliers.

e Working with standards bodies and national bodies to drive availability of additional spectrum for HPUE
deployments.

¢ Providing guidance to user organisations on the safe and effective use of HPUE solutions.

e Helpingto ensure that equipment manufacturers develop HPUE solutions that meet the demanding requirements
of critical communications users. Also, HPUE devices must be safe to use - including achieving SAR limits - and
must not interfere with other users and equipment.

e The task force will also create and distribute material to explain the benefits of mission-critical HPUE devices and
help to allay any concerns in the market regarding their use - on the condition that all risks have been thoroughly
assessed and mitigated.

Get involved

Updates on progress on the above actions will be provided in due course. In the meantime, if you are a member of
TCCA and interested in contributing to the CCBG Mission-Critical HPUE task force, please contact cchgsec@tcca.info

If you are not yet a TCCA member and are interested in finding out more about the work of the association, please
contact admin@tcca.info
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