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ARTEMIS NETWORKS LLC
355 BRYANT STREET T +1415-947-5540

SUITE 110

Steve Perlman

President & CEO

Artemis Networks LLC
355 Bryant Street Suite 110
San Francisco, CA 94107

December 4, 2014

Via Electronic Filing

Marlene H. Dortch, Secretary

Federal Communications Commission
445 12th Street, S.W., Room TW-A325
Washington, D.C. 20554

Re:  Notice of Ex Parte Presentation: Expanding the Economic and Innovation
Opportunities of Spectrum Through Incentive Auctions, GN Docket No. 12-268

Dear Ms. Dortch:

On December 2, 2014, individuals from Artemis Networks LLC (“Artemis” or “we” or “our”)
presented to individuals at Commission offices at 445 12st SW, Washington, DC, regarding the
Artemis Networks LLC (“Artemis”) Petition for Reconsideration® (“Artemis Petition™) of the
Commission’s Expanding the Economic and Innovation Opportunities of Spectrum Through
Incentive Auctions, Report and Order” (“Report and Order”) 2

The following individuals from Artemis presented:

Steve Perlman, Artemis President & CEO
Antonio Forenza, Ph.D, Principal Scientist
Mario Di Dio, Ph.D, Senior System Engineer
Cindy levers, Vice President, Finance

First, Artemis met with David Goldman, Senior Legal Advisor, Office of Commissioner Jessica
Rosenworcel.

! Expanding the Economic and Innovation Opportunities of Spectrum Through Incentive
Auctions, Petition for Reconsideration, GN Docket No. 12-268, Artemis Networks, LLC (filed
September 15, 2014)

2 Expanding the Economic and Innovation Opportunities of Spectrum Through Incentive
Auctions, GN Docket No. 12-268, Report and Order, FCC 14-50 (2014)
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Second, Artemis met with the following individuals from the Commission:

Bahman Badipour, Engineer

Martin Doczkat, Chief, Tech. Analysis Br., OET

Gary Epstein, Chair-1A Task Force

Michael Ha, Deputy Chief, Policies & Rules Division, OGT
Chris Helzer, Chief Engineer WTB

Pramesh Jobanputra, Economist/WTB

Walter Johnston, Chief-EMCD

Julius Knapp, Chief, OET

John Leibovitz, Special Advisor to Chairman for Spectrum Policy, Dep Chief WTB
Ziad Sleem, Associate Deputy Chief — Policy — WFB

Tom Tran, Engineer/WTB

Aleks Yankelevich, Economist

Weiren Wang, Ph.D., Senior Economist/WTB

Artemis presented the slide deck, attached below as Appendix A. During and after the
presentation, there was extensive discussion on a technical, economic and public policy level.

The Commission engineering staff noted that Artemis was not the only party urging the
Commission to accommodate future high spectral efficiency technology or convey the
importance of TDD; they said they had just received a presentation on an alternative approach
to achieve high spectral efficiency, Massive MIMO, by Thomas Marzetta, PhD, Group Leader,
Bell Labs Alcatel-Lucent. Dr. Marzetta also gave a presentation on Massive MIMO on October
2014 to the Marconi Society in the video “MIMO 2025: A 10x or 100x Capacity Multiplier?”
http://new.livestream.com/internetsociety/2014MarconiSocietySymposium/videos/63753060.
At minute 1:13:36, note that Dr. Marzetta makes the same argument regarding TDD vs. FDD
and high spectral efficiency that we made in our presentation on pCell, that TDD not only
performs better for mobile users, but it is essential for enabling unlimited scalability of users.
FDD not only performs worse at small scale, but has a hard upper limit in scalability.

Artemis’ conclusions were presented on slide 54. Although there was strong consensus that, to
the extent practical, the 600 MHz band should be “future-proofed” to enable future high spectral
efficiency technology, everyone we spoke to at the Commission stated that it is extremely
unlikely at this point that 600 MHz duplex scheme could be changed from FDD to TDD, unless
we could convince the major U.S. wireless operators to agree to TDD.

We heard several proposed alternatives where TDD operation might be possible (our responses
are in italics):

ARTEMIS NETWORKS LLC 2
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We could participate in the rules regarding the 11 MHz unlicensed 600 MHz duplex
gap. Our concern was that high spectral efficiency technology would likely require real-
time centralized control for shared spectrum, which may be difficult for all parties to
agree to. But, we said we would be happy to propose suggestions on how that might
work.

If a television station that has a right to stay in the 600 MHz band declines to move,
there would be a corresponding pair of spectrum in the uplink or downlink band that
could be potentially used for TDD operation if power levels were low enough/guard
bands wide enough to not interfere with adjacent FDD use. Our concern was that such
opportunistic spectrum would not be available in all markets, and that it would be
limited to low power operation.

There may be some small guard band gaps that could be aggregated for TDD use. Our
concern is that the overhead in very narrow bands would limit efficient use, and because
of adjacency, they would be limited to low power operation.

There are no restrictions on operating in TDD mode in the 700 MHz band, provided
permission is obtained by the licensees of that spectrum. Given how 100s of millions of
FDD mobile devices rely on connectivity in the 700 MHz band, we believe it is
impractical for current licensees to completely switch over to TDD and “orphan” those
devices.

We can propose TDD in future auctions of lower frequencies. We certainly will, but it is
unclear when, and if, such lower frequencies will be auctioned.

There were new rules being considered for the 3.5 GHz band and TDD certainly could
be proposed as well as other sharing schemes. Although we certainly are open to
participation in the 3.5 GHz band, it will have very poor propagation characteristics
compared to 600 MHz. Our point in filing the Artemis Petition was that 600 MHz has
exceptional propagation characteristics that the U.S. cannot afford to waste on low
spectral efficiency technology.

On slide 51, we presented our understanding of the trade-offs between FDD and TDD. First, we
pointed out how TDD was essential for all known high spectral efficiency applications (e.g.
pCell, “Full Dimension MIMO” proposed in the 3GPP Rel. 13 Study Group, and Massive
MIMO). Second, we showed how TDD achieves much higher spectral efficiency given the 10:1
downlink:uplink traffic asymmetry in conventional LTE networks, with minimal technical
obstacles compared to FDD. We pointed out that current U.S. mobile devices already have TDD
capability to be compatible with Sprint’s Band 41 (e.g. iPhone 6, iPad Air 2, Nexus 6).
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Further, we pointed out other major global economies, such as China, are deploying TDD in
low band spectrum (e.g. Band 44 700 MHz), which will give them an enormous economic

advantage over the U.S. in mobile connectivity since they will be able to deploy high spectral

efficiency wireless in both 700 MHz and eventually 600 MHz, whereas the US will be limited
to low spectral efficiency because of FDD in both 700 and 600 MHz bands. As our economies
become increasingly reliant on mobile connectivity, China and other countries will ultimately
have 100s of times more capacity in low-band spectrum than the U.S.

On slide 52, we showed a typical day time capture of AT&T 700 MHz FDD spectrum in San

Francisco, showing the downlink band was utterly saturated (downlink blocks are green) and

the uplink band was almost unused (uplink blocks are blue), resulting in almost half of the
spectrum being unutilized (unused spectrum is black). We pointed out that captures of other
carriers’ FDD spectrum showed the same overwhelmed downlink spectrum and almost

unutilized uplink spectrum. This is consistent with the 10:1 downlink to uplink ratio cited from
Nokia Siemens research on Slide 51, and shows that, if TDD were utilized with the asymmetric

downlink and uplink that exists in the real world, spectrum would be utilized far more
efficiently.

Given that:

1. TDD is needed to future-proof for high spectral efficiency technology (for which at least
pCell is a existence proof working today)

2. Both peer-reviewed and industry literature as well as actual measured results show that
FDD is extremely wasteful of real-world use of spectrum, with uplink almost unutilized.

3. Current U.S. LTE devices already support TDD.

4. pCell is an existence proof that using TDD, off-the-shelf unmodified LTE devices can
be used to achieve high spectral efficiency with no modifications. If FDD were to be
used to achieve high spectral efficiency through next generation technologies at the cost
of high overhead and limited scalability, modifications to the existing LTE standard
would be required to support CSI feedback for a large number of users. As such, no
existing LTE devices would be compatible with high spectral-efficiency FDD LTE.

5. Other major global economies such as China are adopting low-band TDD in 700 MHz,
and likely will in 600 MHz as well, enabling >100X the capacity of U.S. low-band
spectrum if 600 MHz remains FDD, placing the U.S. at an enormous economic
disadvantage in an increasingly mobile future.
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6. If a TV station declines to move out of the 600 MHz band, FDD results in the loss of
blocks paired with the blocks overlapping the TV station, whereas TDD results in only
the loss of the blocks overlapping the TV station: one-half of the spectrum loss.

7. The only slight advantage of FDD over TDD is it is slightly (a few percent) more
spectrally efficient in perfectly symmetric traffic, such as voice-only traffic. Date traffic
is highly asymmetric, so this advantage is irrelevant. And, even that minor advantage is
lost when high-spectral efficiency techniques are to be used even with perfectly
symmetric traffic.

As we brought up these points, there were no counter-arguments voiced to any. At various
points in the meeting we asked what were the supporting technical, economic, deployment or
public policy arguments to support of FDD over TDD for 600 MHz. Again, none were stated.
We were consistently told that the only practical way to change 600 MHz from FDD to TDD
would be to convince the major U.S. wireless operators to support TDD.

We presented our conclusions on slide 54. The Commission asked if, other than changing from
FDD to TDD, whether there is anything we could suggest to help future-proof 600 MHz. We
replied that, although it is a distant second to switching from FDD to TDD, at the very least the
Commission could mandate that mobile devices support both FDD and TDD in 600 MHz so
that if 600 MHz is switched to TDD in the future to achieve high spectral efficiency, it would
not orphan devices using that band. Mobile devices already support FDD and TDD at the same
frequency (e.g. the iPad Air 2 supports both Band 7 FDD and Band 41 TDD at the same
frequency) and it would not be difficult or expensive. The Commission responded that in
general it is difficult to mandate non-essential design requirements for devices because
manufacturers may argue it adds even minor cost in a highly cost-sensitive market.

We ended the meetings offering to provide high spectral efficiency demos of pCell technology
operating on unmodified LTE devices to the Commission either in DC or at another location at
their convenience, and further to avail ourselves to extent they would like to verify results. We
made it clear our purpose is simply to provide an existence proof that very high spectral
efficiency is practical using TDD on off-the-shelf unmodified LTE devices, regardless of what
high spectral technology is ultimately used by 600 MHz licensees in the future.

We strongly believe that, as the custodians of the very scarce natural resource of low-band
spectrum, the Commission should base its decision on FDD or TDD primarily on a technical,
economic, deployment and public policy basis. While the recommendations of large incumbent
companies should certainly be given a great deal of weight, given that virtually every factual
consideration weighs against the large incumbents’ recommendations, then we believe it is the
Commission’s responsibility to consider the strong public policy benefit of high spectral
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efficiency as carrying more weight than the recommendations of large incumbents advocating a
technology that relegates low-band spectrum to low spectral efficiency.

We respectfully request the Commission specify the 600 MHz band to be a TDD band, or at
least partially TDD (in licensed spectrum). We further respectfully request the Commission to
require minimum reasonable spectral efficiency requirements for licensees of the 600 MHz
utilizing any technology they choose that is available at the time of deployment and
economically viable (similar to CAFE standards specifying minimum MPG requirements for
automobile manufacturers).

Pursuant to section 1.1206(b) of the Commission’s rules, this letter is being submitted for
inclusion in the public record of the above-referenced proceeding. Please let me know if you
have any questions.

Respectfully submitted

/Stephen G. Perlman/

Steve Perlman
President & CEO
Artemis Networks LLC

cc: Bahman Badipour, Martin Doczkat, Gary Epstein, David Goldman, Michael Ha, Chris
Helzer, Pramesh Jobanputra, Walter Johnston, Julius Knapp, John Leibovitz, Ziad Sleem, Tom
Tran, Aleks Yankelevich, Weiren Wang, Ph.D.
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Appendix A: Artemis Presentation to the Commission on December 2, 2014
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