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Unit 2702-04, 27t Floor

www.qualcomm.com
9 Queen’s Road Central

Central, Hong Kong
Telephone : (852) 3144 8300
Facsimile :(852) 2537 1188

5% Feb 2015

Mr. Kevin Chang

RF and Resource Management

National Communications Commission

No.50, Sec. 1, RenAi Rd., Taipei City 10052, Taiwan
Email: Kevincw@ncc.gov.tw

Dear Mr. Chang,

Qualcomm Incorporated, on behalf of itself and its subsidiaries (collectively, “Qualcomm”) appreciates
the opportunity to provide input to the National Communications Commission (NCC) on its Spectrum
Release and Administration under Hierarchical Administrative Supervision Public Consultation Paper.
Qualcomm is a world leader in 3G, 4G and next-generation wireless technologies. Our ideas and
inventions have driven the evolution of wireless communications, connecting people more closely to
information, entertainment and each other. Qualcomm Technologies, Inc., a wholly-owned subsidiary
of Qualcomm Incorporated, is the world's largest fabless semiconductor producer and the largest
provider of wireless chipset and software technology, which power a large portion of wireless devices
commercially available today. Qualcomm is a recognized world leader in advanced wireless
technologies and continues to bring enhancements to market that increase network capacity and
performance.

Below please find Qualcomm responses to select parts of the consultation paper. In particular
Qualcomm’s submission provides information relative to; reviewing Taiwan’s frequency allocation
table, an industry perspective on frequency utilization, and new frequency utilization techniques.

Part 1: Freguency Planning and Re-allocation or Re-farming

e Qualcomm supports the continued formulation and maintenance of the Radio Frequency
Allocation Table in conformance with the Article 5 of the ITU Radio Regulations, as this will assist
the harmonization of Taiwan’s radio spectrum use with other nations, and will allow Taiwan to




enjoy the advantages of such harmonization.

e Reviews of the Radio Frequency Allocation Table should be performed to keep pace with
revisions of the ITU Radio Regulations which occur roughly every 3-4 years. More frequent
adjustments to the Table may be driven by other relevant international and regional efforts
(such as those undertaken by the APT) to focus the ROC Radio Frequency Allocation Table on a
subset of the allocation options provided in the International Radio Regulations.

e International usage trends (one example being the explosive growth in demand for mobile
services) place demands on the national allocation of mobile spectrum. Hence these trends
should be taken into account when reviewing the Frequency Allocation Table.

Allocating spectrum for mobile telecommunications according to internationally harmonized band plans
minimizes radio interference along borders, facilitates international roaming and reduces the cost of
mobile devices.

Spectrum harmonization is a major objective of the International Telecommunication Union (ITU),
national regulators and the whole of the mobile industry. It refers to the uniform allocation of radio
frequency bands across entire regions and internationally — not just individual countries. Moreover,
interference along national borders is reduced when mobile bands are harmonized between countries.

Treaty level multi-lateral negotiations, that take place at World Radio Conferences every 3-4 years, are
the basis for the highest-level harmonization agreement: Article 5 “Frequency Allocations” of the ITU
Radio Regulations. Notably, Article 5, inter alia, identifies specific bands for International Mobile
Telephone (IMT) use. Bands in the Asia Pacific Region (Region 3) so identified include: 450-470 MHz,
698 — 790 MHz, 790 - 960 MHz, 1710 — 1885 MHz, 1885 — 2025 MHz, 2110 — 2200 MHz, 2300 - 2400
MHz and 2500 — 2690 MHz. Some Asia Pacific Countries also identify 3400 — 3500 MHz, and 3500 — 3600
MHz for IMT.

The next World Radio Conference (WRC) scheduled to be held in Geneva, Switzerland between 2 to 27
November 2015 will also consider an agenda item for additional mobile allocations and identifications
for IMT. Currently candidate bands considered by the ITU Joint Task Group 4-5-6-7 set up specifically to
address this agenda item include: 470 694/698 MHz, 1 350-1 400 MHz, 1 427-1 452 MHz, 1 452-1 492
MHz, 1 492-1 518MHz, 1 518—1 525MHz, 1 695-1 710 MHz, 2 700-2 900 MHz, 3 300-3 400 MHz, 3 400-
3 600 MHz, 3 600-3 700 MHz, 3 700-3 800 MHz, 3 800-4 200 MHz, 4 400-4 500 MHz, 4 500-4 800 MHz,
4 800-4 990 MHz, 5 350-5 470 MHz, 5 725 5 850 MHz, and 5 925-6 425 MHz". A subset of these candidate
bands is likely to satisfy the agenda item. Furthermore, proposals to WRC-2015 are being developed in
Regional Fora towards an agenda item in the following World Radio Conference (2019) to consider
further spectrum requirements for ever advancing mobile technology and services.

These allocations and identifications of the ITU Radio Regulations inform Regulators, Regional
Organizations, other standards bodies and Manufacturers as to the frequency bands on which to
concentrate their efforts. The 3™ Generation Partnership Project (3GPP) routinely considers and
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standardizes advanced mobile technology including 3G, LTE and LTE-Advanced which is considered to
be IMT and IMT-Advanced compliant.

In the Asia Pacific Region, the Asia Pacific Telecommunity develops reports and recommendations to
guide regulators on regional initiatives towards radio spectrum harmonization. The APT Wireless Group
has produced reports on the harmonization of the 698 — 806 MHz, and 2300 — 2400 MHz and is currently
undertaking work to regionally harmonize other spectrum bands.

Global mobile data consumption is growing at a rapid pace. According to some analyses, traffic has
doubled every year for the last few years. While the projections vary, all indications point to this growth
continuing unabated. The mobile industry is therefore preparing for an increase in mobile data traffic
growth that Qualcomm refers to as “The 1000x Data Challenge.”? The mobile industry’s latest wireless
technologies and trends offer solutions capable of meeting the 1000x challenge - some of which are
already developed - and there is a robust roadmap for many more.

However, as wireless networks strain to meet the growing demand for mobile broadband services,
radiofrequency spectrum availability and access remain critical. While there are many enhancements
allowing for more efficient use of existing spectrum, meeting an increase of the magnitude of 1000x will
unquestionably require more spectrum. Qualcomm supports the refinement of the Table of Allocations
based on these trends, and the development of more detailed frequency arrangements and provision
plans based on the timely provision of information via industry consultations. This course of action will
make it more straightforward and transparent for the government to identify underutilized spectrum
and consider whether changes in assighment or allocation are appropriate given technological and
market developments.

Part 2: Frequency Utilization Administration

e International best practice in the form of liberalization of spectrum management and the
introduction of market based resource allocation, assignment and transfer mechanisms such as
auctions and trading has assisted spectrum managers and spectrum users to align their needs
and assisted the development and evolution of mobile networks and service provision.

e  The application of the least onerous form of regulation, an aspect of which is the concept of
technology neutrality, has allowed mobile network operators to upgrade their networks in a
manner best suited to their usage and business needs.

e  There are multiple mechanisms for which to assign, re-assign, transfer and re-purpose spectrum.
The choice of whether to use licensed spectrum, shared licensed spectrum or unlicensed
spectrum should be arrived at following a thorough consultation with industry.

° In the past few years a frequency utilization technique known as Authorized Shared Access (ASA)
has emerged and been adopted or is being adopted in Europe and North America. ASA enables
spectrum encumbered but not heavily used to be shared (on a time and geographic basis) by
mobile networks and devices.

Historically, access to and use of radio spectrum has been highly regulated in order to prevent
interference among users of adjacent frequencies or from neighboring geographic areas, particularly

2 hitp://www.qualcomm.com/solutions/wireless-networks/technologies/1000x-data
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for reasons of defense and security. In more recent years there have been significant innovations in the
theory of spectrum management along with gradual changes in practice of spectrum management and
regulation. In recent times the demand for spectrum has grown significantly highlighting the need for
efficient use of all available spectrum in order to avoid scarcity.

Those factors are making policy-makers and regulators worldwide focus anew on spectrum regulation
with an increasing emphasis on striking the best possible balance between the certainty required to
ensure stable roll-out of services and flexibility (or light-handed regulation) leading to improvements in
cost, services and the use of innovative technologies. In developing countries in particular, where mobile
communications users now greatly outnumber those using fixed line telecommunication services, it is
widely recognized that the spectrum is a highly valuable resource for future economic development.

We need to make best use of all available spectrum for 1000x
Use mare spectrum (Hz) with mare licensed spectrum as industry’s top priority
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Fig: 3 Mechanisms to Enable Spectrum Use

Auction of spectrum licenses that are tradable and independent of technology deployed (technology
neutral) have enabled mobile network operators worldwide to tailor their spectrum acquisitions, use
and technology with their business needs. Mobile technology has thus been able to evolve from 2G to
3G and LTE without constraint and in accordance with the investment cycles of the spectrum
owner/user.

Some spectrum, especially for short-range use (Bluetooth, Radio Frequency Identification Device (RFID),
microwave ovens, various remote control devices, wireless security systems, WiFi etc.) need not be




licensed at all i.e. unlicensed. This might be the case where users do not interfere with one another, or
because new technologies can be employed which are capable of dealing with interference as it
happens.

A recent example of spectrum suitable for an unlicensed approach is the 60 GHz band. Recently
Qualcomm announced it had taken major steps to enable the industry to deliver multi-gigabit wireless
with 60 GHz technology for mobile, computing and networking devices. Qualcomm completed its
acquisition of Wilocity, a leader in development of 60 GHz wireless chipsets based on the IEEE 802.11ad
standard, also known as WiGig®technology. In addition, Qualcomm is delivering a family of tri-band
platforms that combine Qualcomm Atheros, Inc.’s Wi-Fi® and WiGig solutions to significantly increase
performance and enable cutting-edge wireless applications. While 802.11ac enables Gigabit Wi-Fi
networks to offload mobile traffic, 60 GHz technology brings multi-gigabit speeds, significant capacity
improvements, and power efficiency that are integral to meeting the challenges posed by next
generation media applications. With the integration of WiGig into its mobile platforms, Qualcomm will
enable mobile devices to provide near-instantaneous access to the cloud, and allowing for greater
cellular network offload.

The 60 GHz technology offering complements traditional Wi-Fi with zones of ultra-high-speed
connectivity, while expanding the wireless use cases for high-end mobile, computing and consumer
electronics devices. Tri-band Wi-Fi solutions from Qualcomm Atheros integrate the multi-gigabit
performance of 802.11ad operating in the 60 GHz spectrum band along with 802.11ac that operates in
the 5 GHz band and 802.11b/g/n in the 2.4 GHz band. In combination, 11ad and 11ac create the most
powerful and efficient wireless solution in the market; coupling the whole home coverage of 11ac with
the in-area multi-gigabit connectivity of 11ad will provide users with a superior connected experience.

The choice of whether to use auctions of cleared spectrum, shared license spectrum such as ASA, or an
unlicensed spectrum are contingent on factors such as the general scarcity of spectrum in various parts
of the country and in various ranges of the radio spectrum; the human and financial resources available
to the regulator; the various types of use — commercial or public service; and opportunities for
innovation and commerce.

Indeed new innovative techniques to better utilize existing assigned spectrum and methods to access
new spectrum are emerging. Two specific examples are ASA and extending LTE to unlicensed spectrum.
ASA is an innovative way to avail underutilized licensed spectrum. It provides a regulatory framework
for operators to collaborate with incumbent spectrum holders (e.g. Government) to get exclusive access
to latter's spectrum on a shared basis. The sharing can be in terms of geography, frequency, or time.
Extending higher performance and reliability of LTE Advanced to licensed spectrum allows operators to
augment capacity with a unified network and to provide enhanced broadband experience to users.

Although traditional licensing is the main solution, it may not be feasible in some cases. Some spectrum
holders such as government users, because of the nature of their operations, may not be using the
entire allocated spectrum in every part of their geographic boundaries on a 24x7 basis. For example
spectrum for radar may have been allocated on countrywide basis, but the radar operations may only



be utilizing the radio frequency at certain places. In such cases, Authorized Shared Access (ASA) is an
ideal approach for 3G/4G operators to access the underutilized spectrum in a mutually beneficial way.
It proposes a new regulatory framework to share the spectrum in terms of time or location and on an
exclusive basis, without interfering with the incumbent’s operations.

With ASA Incumbent spectrum holders can monetize their underutilized spectrum, 3G/4G operators
can cost-effectively get new spectrum for exclusive use, ensuring reliability, and predictability for long
term investments; regulators can pragmatically address the ever increasing request for new spectrum
for mobile broadband in a timely manner.

Although licensed spectrum is the foundation of mobile broadband, bandwidth-rich unlicensed
spectrum bands can be used to effectively augment the capacity. The question is how to best
opportunistically utilize the unlicensed spectrum.

Extending the benefits of LTE Advanced to unlicensed spectrum brings the technology’s basic tenets of
high-efficiency and robust mobility, while also making it a seamless extension of the larger LTE Advanced
network. That means higher performance for operators and better broadband experience for users, and
a common unified network for all spectrum types.

The choice of which mechanism to use depends on a wide variety of factors, and any such choice should
only be undertaken by first consulting widely with the spectrum stakeholders who are in the best
position to gauge the relative merits of each option and the technical details of implementation. Since
a unified network with common core and integrated small cells offers the same LTE Advanced service
on both licensed and unlicensed spectrum, users get the most seamless mobility between the two.
Additionally, carrier aggregation between the licensed and unlicensed bands creates an enhanced data
pipe as well as the anchor in the licensed spectrum provides reliability. In essence users get an enhanced
mobile broadband experience. LTE Advanced in unlicensed spectrum has been carefully designed to
protect Wi-Fi so that both can harmoniously co-exist. LTE in unlicensed spectrum benefits all users
because of its superior performance, and in many cases the neighboring traditional Wi-Fi users benefit
with an unlicensed LTE system operating within the same environment..

Qualcomm is undertaking considerable study and R&D on each of the areas mentioned above. For
additional background and information on these topics, please refer to the following websites:

° Areas of research - https://www.qualcomm.com/invention/research/research-areas

° Resources - https://www.gualcomm.com/invention/research/resources

° LTE Unlicensed - https://www.gualcomm.com/invention/research/projects/research-
incubator

® 1000x - http://www.qualcomm.com/solutions/wireless-networks/technologies/1000x-
data




Conclusion

Qualcomm appreciates the opportunity to provide input to the NCC on this Consultation Paper. If NCC
seeks additional information on Qualcomm’s views, please do not hesitate to contact Ms. Andie Lin,
(vidihl@gti.qualcomm.com). We would be pleased to follow up with your offices in more detail.

Sincerely,

Alex Orange
Director, Government Affairs, Southeast Asia & Pacific

Cc: Julie Garcia Welch
Senior Director, Government Affairs, Southeast Asia & Pacific
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