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DECLARATION OF DENNIS ROBERSON

1. I, Dennis Roberson, am the Founder, President and CEO of Roberson and
Associates, LLC. In parallel with this role I serve as Vice Provost, and Research Professor in
Computer Science at Illinois Institute of Technology. I am an active researcher in the wireless
networking arena and a co-founder of IIT*s Wireless Network and Communications Research
Center (WiNCom). My specific research focus areas include dynamic spectrum access networks,
spectrum occupancy measurement and spectrum management, and wireless interference and its
mitigation. I currently serve on the governing and/or advisory boards of several technology-
based companies. Prior to IIT, I was Executive Vice President and Chief Technology Officer at
Motorola and I had an extensive corporate career including major business and technology
responsibilities at IBM, DEC (now part of HP), AT&T, and NCR. I am and have been involved
with a wide varety of technology organizations, currently including the FCC Technology
Advisory Council and the Commerce Spectrum Management Advisory Committee. I am a

frequent speaker at universities, companies, technical workshops, and conferences around the
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globe. [ have BS degrees in Electrical Engineering and in Physics from Washington State
University and a MSEE degree from Stanford.
Summary

2. In this Declaration, I will address contentions made in portions of the Joint
Opposition to Petitions to Deny and Comments (“Opposition™), filed in this proceeding by
Verizon Wireless, SpectrumCo and Cox TMI Wireless (“Applicants”). First, [ will discuss
Applicant’s assertion that Verizon Wireless is more spectrally efficient in providing wireless
services than a number of other providers, including T-Mobile, because, they allege, Verizon
Wireless® ratio of customer connections per MHz of spectrum allocated is higher than that of T-
Mobile (and some others). Applicants use this argument in an attempt to show that Verizon
Wireless has not warehoused spectrum, notwithstanding that it has held substantial AWS
spectrum without using it for more than five years. 1 will show that this part of Applicants’
analysis is flawed, principally because the calculation is performed on an aggregated, nationwide
basis, instead of on a market-by-market basis, does not take into account the different usage
profiles of smartphones and featurephones, and ignores the different characteristics of low- and
high-frequency spectrum. A corrected analysis leads to the opposite conclusion, and that in fact
Verizon Wireless’ historic spectral efficiency has on balance been considerably less than that of
T-Mobile. Indeed, the pre-acquisition comparison shows that T-Mobile is as or more spectrally
efficient than Verizon Wireless in 8 of the top 10 markets, and 31 of the Top 49 markets.
Averaged over these markets, T-Mobile’s efficiency exceeds that of Verizon Wireless by more
than 50% percent.

3. Second, I will discuss Applicants’ assertion that Verizon Wireless is more

efficient than other providers, including T-Mobile, based on an alternative metric — its ratio of
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spectrum share to customer connections share is lower than that of T-Mobile (and others).
Applicants attempt to show that, by this measure as well, Verizon Wireless is more efficient in
its use of the RF spectrum than other providers. I will show that this analysis too is flawed for the
same reasons as Applicants’ first analysis, and that a corrected analysis shows that under this
metric as well, Verizon Wireless is less efficient than T-Mobile, particularly in the most
spectrally constrained top markets. In the pre-acquisition comparison T-Mobile is seen to be as
or more spectrally efficient than Verizon Wireless T-Mobile under this metric in 8 of the top 10
markets, and 31 of the top 49 markets. Averaged over these markets, T-Mobile’s efficiency
again exceeds that of Verizon Wireless by a large margin.

4, Under my supervision and direction, Roberson and Associates conducted an
analysis and comparison of the spectrum efficiency of the T-Mobile and Venzon networks in the
Top-50 cellular market areas under each of these two measures, correcting for several
fundamental errors in Applicants’ analysis by: (i) removing from each operator’s allocation
spectrum it does not yet have, (ii) analyzing the data on a market-by-market basis rather than
merely in the aggregate, (iii) accounting for the different network demands imposed by
smartphone users compared to featurephone users, and (iv) adjusting for the relative spectrum
efficiency differences between high and low-band spectrum. Of the Top 50 markets, Verizon
Wireless does not provide service using company-licensed spectrum in market 21, San Juan, PR,
For the other 49, as further detailed below, the analysis shows that in fact the spectrum efficiency
for T-Mobile networks greatly exceeds Verizon Wireless’ spectium efficiency. This is true
whichever of Applicants’ two proposed metrics is used. It is also true whether the comparison is
based on Verizon Wireless’ and T-Mobile current spectrum holdings or whether it includes

spectrum they each propose to acquire.
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5. In the discussion of the analysis and results below, eight tables (graphs)
comparing the spectral efficiency of Verizon and T-Mobile networks are therefore presented.
Tables 1-4 compare the spectral efficiency performance of the Verizon and T-Mobile networks
in the top 50 markets, not including San Juan, using the metric subscribers per MHz of
bandwidth. In these tables, a higher spectral efficiency number indicates better performance.
Tables 1 and 2 exclude from each operator’s allocation spectrum that it does not yet have. Tables
3 and 4 include spectrum that each operator proposes to acquire. Tables 5-8 compare the
efficiency of the two networks in the top 50 markets using the metric that is the ratio of the
spectrum share to customer connections share in those markets. In Tables 5-8, a lower ratio
indicates better performance. Tables S and 6 exclude from each operator’s allocation spectrum
that 1t does not yet have. Tables 7 and 8 include spectrum that each operator proposes to acquire.

Applicants’ Analysis Erroneously Includes Spectrum That T-Mobile Does Not Yet Have
and Fails to Address the Differential Effects in Different Markets

6. In the analysis of spectral efficiency as measured by subscribers per MHz of
bandwidth, an elementary and obvious error in Applicants’ analysis is that they have allocated to
T-Mobile spectrum it does not yet have: the spectrum to be assigned to it by AT&T pursuant to
the break-up of their proposed merger, which is pending approval by the FCC, but did not
allocate to Verizon Wireless the spectrum it would gain from this proposed transaction.
Applicants are purporting to compare the efficiency of the carriers” historic use of their
spectrum. Accordingly, we have removed the T-Mobile break-up spectrum from our initial
analysis in order to compare the present-day holdings of both carriers, and this forms the basis of
the first part of our analysis. In the second part, we add back in the spectrum each party

proposes to acquire and perform the analysis again.
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7. The overly aggregated nature of Applicants’ analysis also distorts its usefulness in
comparing operators’ networks. Cellular networks are designed and deployed market by market
depending on the specific physical environment and subscriber population. For this reason,
spectral efficiency can and does vary significantly from one market area to the next: a market-
by-market comparison is therefore necessary to compare spectral efficiency between network
operators, and we have performed such a comparison. Furthermore, a nationwide subscriber
metric results in an inaccurate comparison of spectral efficiency, since it improperly inflates the
subscriber count for operators that have networks and licenses in more market areas. In making
this analysis, market share data for Verizon and T-Mobile is taken from “Q42011 Market Share
Data,” provided by [***BEGIN CONFIDENTIAL+**+| || | | ~END
CONFIDENTIAL***] to T-Mobile. Spectrum holdings information is taken from information
assembled and prepared by T-Mobile based on FCC records.

Applicants’ Analysis Erroneously Fails to Address the Vastly Different Usage Demands of
Smartphones and Featurephones

8. 1t is well known that smartphone subscribers consume significantly more network
resources (bandwidth) than featurephone subscribers. A network serving mostly smartphone
users would therefore be able to serve a much smaller raw number of users than a network
serving mostly featurephone users. For this reason, any coraparison of spectrum efficiency using
the metric of subscribers/MHz must take into account any difference in the relative mix of
smartphones and feature phones between the networks being compared. But even though the
Opposition elsewhere acknowledges this difference, Applicants’ purported spectrum efficiency
companison did not reflect this difference. To correct this, our spectral efficiency comparison
accounts for the effect of the mix of smartphones and feature phones on different networks. The

relative mix of smartphones on Verizon Wireless’ network is taken as 40%, while the relative
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mix of smartphones on the T-Mobile network is taken at S0%. These numbers are approximate
Q4-2011 data taken from a graph titled “Smartphone Penetration and Industry % of Total Subs
and Units” on page 4 of the J.P. Morgan Company report, “Telecom, Cable and Satellite
Spectrum and Competition Overview, 4Q 2011 Wrap-Up and 2012 Qutlook,” dated March 5,
20121 Furthermore, for purposes of this analysis, smartphones arc assumed to consurne 35
times the amount of bandwidth as a featurephone, which is the figure cited by Verizon Wireless
in 1ts Opposition at page 7.

9.Table ] below shows the effects of correcting the analysis to reflect the differing
smartphone mix. It shows that when this correction is made, T-Mobile is shown to be as or more
spectrally efficient than Verizon Wireless in all 5 of the top 5 markets, and many of the Top 49
markets. Even when averaged across the top 49 markets (i.e., aggregating the data as Applicants

did), T-Mobile’s efficiency is essentially the same as that of Verizon Wireless.

L This independently conducted survey provides the most comprebensive direct comparison of the overall
smartphone penetration of different operators. The Verizon Wireless number is consistent with that reported for
retail subscribers only in “Smartphone sales squeeze margins at Verizon,” FT.com, Jan. 24, 2012, accessed at
bttp://wrww. ft.com/intl/cms/s/0/ab635362-4694-1)e1-85¢2-00144feabdc0.htmi#axzz1 prleSt90. T-Mobile reports
(***BEGIN CONFIDENTIAL***| ] [***END CONFIDENTIAL***| postpaid smartphone penetration.



REDACTED - FOR PUBLIC INSPECTION

TABLE 12

Pre-Spectrum Acquisition, UnWeighted Spectrum, With
Smart Phone Mix

Spectrum Efficlency {(k-Sub / MHz)
Q 20 40 60 80 100 120 140 160

Los Angeles, CA
New York, NV-NI
Chicago, IL
Dallas-Fort Worth, TX
Houston, TX
Philadelphia, PA
Atlanta, GA
Washington, DC-MD-VA
Detroit, MI
Boston, MA
San Francisco, CA
Miaml, FL
Phoenix, AZ
Minneapalis-St. Paul, MN
§an Diego, CA |
Denver-Boulder, CO
Baltimore, MD |
Seattle-Everett, WA
St. Louls, MO-IL
Tampa-St. Petersburg, FL
San Juan-Caguas, PR
Portland, OR-WA
Sacramento, CA
Pittsburgh, PA
Las Vegas, NV
San Antonlo, TX
Kansas City, MO-XS
San Josg, CA
Orlando, FL
Cieveland, OH |
Indianapolis, (N
Cincinnati, OH-KY-{N
Salt Lake City-Ogden, UT
Austin, TX
Calumbus, OH
Milwavkee, WI
Nashuille, TN
Charlotte, NC
Jacksonville, FL
Raleigh-Durham, NC
West Paim Beach, FL
Greensboro, NC
Harford, CT
Memphis, TN-AR-MS
Oklshoma City, OK
Buffalo, NY
Norfolk, VA/NC
New Orleans, LA
Louiswille, KY-IN
Rochester, NY
AVERAGE

H Verizon

HT-Mobile

CMA

2 In this table, a larger metric value indicates better performance.
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Applicants’ Analysis Fails to Address the Significantly Different Capabilities of Low-Band
and High-Band Spectrum

10. A further correction is also necessary: when comparing the spectral efficiency of
two networks, it is also vital to incorporate within the comparison only the characteristics of the
network that are under the control of the network operator, while equalizing for factors not under
operator control, such as the technical capability of the frequency band 1t uses. All other factors
being equal (network technology, cell site deusity (cell area), antenna heights, transmitter power,
bandwidth, etc.), lower-band spectrum is able to provide a higher spectral efficiency over a given
area than higher band spectrum. The reason is that better propagation characteristics of low-
band spectrum allow a network using low-band frequencies to deliver a higher received signal
level over the cell area, compared to high-band spectrum. A characteristic inherent in all
comununications systems is that a higher received signal level (power) corresponds to an ability
to transmit and successfully receive a higher data rate, as measured in bits-per-second (bps) for a
given Hz of bandwidth. Higher bps/Hz over a constant cell area corresponds to higher spectral
efficiency, and is a widely used technical metric. Higher bps/Hz/area in turn corresponds to the
ability to serve a larger number of subscribers in that area, resulting in higher spectral efficiency
as measured by subscribers/MHz/area.

11. A quantitative assessment of the spectral efficiency advantage of lower-band
spectrum compared to higher band spectrum can be made based on communication theory, and
experience and measurements of real-world systeras. For example, application of the well
known, empirically-based Okumura-Hata model for wireless propagation results in 10 dB higher
propagation loss at 2 GHz compared to 800 MHz. Stated in another way, a system operating in

lower band, 800 MHz spectrum would deliver 10 dB more received signal power to locations
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within a same-size cell as a system operating in a higher band spectrum such as at 2 GHz. This
physical property is documented in many technical references, for example, in M. Hata® and A.
Goldsmith?. This conclusion has also been validated by recent measurements conducted at
NIST.® Using state-of-the-art wireless transmission technologies such as HSPA or LTE, 10 dB
more received power transjates to an approximate doubling of the data rate for a network
operating in lower- band spectrum compared to a network operating in higher-band spectrum.
This is validated in P. Mogensené, John Proakis’, and A. Goldsmith® That the limits on data rate
in wireless systems are due to signal strength is described by D.Cox and H. Lee °.  Since
wireless network deployments in a given geographic area reflect both coverage- and capacity-
driven considerations, depending on the local geographic subscriber density, this result can be
applied to all the metropolitan areas of interest.

12.  Applicants’ comparison did not take into account the effects that different
spectrum bands have on their holders’ ability to provide service on a connection/MHz basis. To
correct this flaw, our spectral efficiency comparison applies a spectrum weighting factor based

on the specific frequency band deployed, so that the different spectral efficiencies of low- and

high-band spectrum will be accounted for. Setting a spectrum efficiency reference weighting of

1 M. Hata “Empirical formula for propagation loss in land mobile radio service,” IEEE Transactions on
Vehicular and Technology, VT-29, 1980, pages 317-325.

% A. Goldsmith Wireless Communications, Carabridge University Press, 2005, pp. 42-44.

3 http://www.nist.gov/itl/antd/emntg/700mhz.cfm

p, Mogensen et al., “LTE Capacity Compared to the Shannon Bound,” /EEE 65th Vehicular Technology
Conference, VIC2007-Spring 2007, pp. 1234-1238.

1y, Proakis, Digital Communications, Fourth Edition, McGraw Hill 200].

% A. Goldsmith, Digital Communications, Fourth Edition, McGraw Hill 2001.

% D. Cox and H. Lee“Physical Relationships: Exploring Fundamental Relationships Between Transmission
Rate and Range for Wireless Systems,” /EEE Microwave Magazine, vol. 9, no. 4, Aug. 2008, pp. 89-94.
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1.0 for the 700 MHz and cellular bands results in a 0.5 weighting for AWS/PCS spectrum,
corresponding to the 2 to 1 spectrum efficiency advantage of low versus high band spectrum 12
13.  Table 2 below shows the result of weighting the spectrum in this manner. As can
be seen, when the differing spectrum bands are appropriately weighted, T-Mobile is shown to be
as or more spectrally efficient than Verizon Wireless in 8 of the top 10 markets, and 31 of the
Top 49 markets. Averaged over these markets, T-Mobile’s efficiency exceeds that of Verizon

Wireless by more than 50% percent.

19 Our weighting factors are slightly different from those developed by Peter Cramton in his Declaration
attached to T-Mobile’s Petition to Deny in this proceeding, and which T-Mobile proposes be used by the
Commission in adjusting its screen. This difference reflects the different purposes of our and his respective
weightings. Our analysis focuses specifically on technical considerations that directly impact — and should have
been factored into — the Applicant’s spectrum efficiency analysis. Mr. Cramton’s price-based analysis, as 1
understand it, also effectively includes all the other factors that go into making the spectrum more or less valuable.
While this difference must be borne in mind, it is instructive that the actual ratios of numeric weights assigned by
our different methods are not far removed from each other.

10
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TABLE 21

Pre-Spectrum Acquisition, Weighted Spectrum, With
Smart Phone Mix

Spectrum Efficiency (k-Sub / MHz)
0 20 40 60 g0 100 120 140 160

Los Angeles, CA
New York, NY-NJ
Chicago, IL
Dallas-Fart Worth, TX _
Houston, TX
Philadelphia, PA
Atlanta, GA
Washington, DG-MD-VA
Detroit, Ml

Boston, MA |

San Francisco, CA
Miami, FL

Phoenlx, AZ
Minneapolis-St. Paul, MN
San Oiego, CA |
Denver-Boulder, CO
Baltimare, MO
Seattle-Evarett, WA
St. Louis, MQO-IL
Tampa-St. Petersburg, FL.
San Juan-Caguas, PR
Portlang, OR-WA
Sacramento, CA
Pittsburgh, PA

Las Vegas, NV

San Antonlo, TX
Kansas City, MO-KS
San Jose, CA
Orlando, FL
Cleveland, OH
(ndianapolis, IN
Cincinnat, OH-KY-IN
Salt Lake City-Ogden, UT
Austin, TX
Columbus, OH
Milwaukee, WI
Nashville, TN
Charlotte, NC
Jacksonvllle, FL
Raleigh-Durham, NC
West Palm Beach, FL
Greensboro, NC
Hartford, CT
Memphis, TN-AR-MS
Oklahoma City, OK
Buffalo, NY

Narfolk, VA/NC

New Orleans, LA
Louisville, KY-(N
Rochester, NY
AVERAGE

B Verizon

H T-Mobile

CMVIA

U 15 this table, a larger metric value indicates better performance.

11
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Adding In Both Carriers’ Proposed Spectrum Acaquisitions Leads to the Same Conclusion

14. A further analysis and comparison of the spectrum efficiency of the T-Mobile and
Verizon networks in the Top-50 cellular market areas was performed, this time reflecting on a
pro forma basis the effect of adding to each operator’s spectrum allocation the licenses that
would be acquired as a result of pending and proposed transactions. For T-Mobile, the spectrum
added 1s that resulting from spectrum assigned to it by AT&T pursuant to the break-up of their
proposed merger; for Verizon Wireless, the spectrum added is that resulting from the proposed
acquisition of spectrum from SpectrumCo and Cox as well as LEAP. Pending spectrum
transactions data was provided by T-Mobile, based on FCC records.

15.  Table 3 below shows this pro forma post-acquisition, market by market
comparison of the spectrum efficiency of the Verizon and T-Mobile networks, correcting (as in
Table 1 above) for the effect of the different mix of smartphone and featurephones on the
Verizon Wireless’ and T-Mobile networks. As before, the relative mix of smartphones on
Verizon Wireless’ network is taken as 40%, while the relative mix of smartphones on the T-
Mobile network is taken at 50%, and smartphones are assumed to consumne 35 times as much
bandwidth as featurephones.'? Table 3 shows that when the correction for differing smartphone
mix alone is made, in the forward-looking analysis, T-Mobile is still shown to be as or more
spectrally efficient than Verizon Wireless in 5 of the 5 top markets, and many more of the Top
49 markets. Averaged across 49 markets, T-Mobile’s efficiency is essentially the same as that of

Verizon Wireless.

n Applicants provided this estimated ratio on page 7 of the Opposition, though they failed to reflect it in
their spectrum efficiency analysis.

12
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TABLE 312

Post-Spectrum Acquisition, UnWeighted Spectrum,
With Smart Phone Mix

Spectrum Effificency (k-Sub / MHz)
0 20 40 60 80 100 120 140 160

Los Angeles, CA
New York, NY-NJ
Chicago, IL
Dallas-Fort Warth, TX
Houston, TX
Phitadelphia, PA
Atlanta, GA
Washington, OC-MD-VA
Detroit, ML
8oston, MA
San francisco, CA
Miami, FL
Phoanix, AZ
Minneapalis-St. Paul, MN
San Diego, CA
Denver-Boulder, CO
Baltmore, MD
Seattle-Everett, WA
St. Louis, MO-(L
Tampa-St. Petersburg, FL
San Juan-Caguas, PR
Portland, OR-WA
Sacramento, CA
Pitsburgh, PA
Las Veges, NV
San Antonio, TX
Kansas Oity, MO-KS
San Jose, CA
Orlando, FL
Cleveland, OH
Indianapolis, (N
Cincinnati, OH-KY-IN
Salt Lake City-Ogden, UT
Austin, TX
Columbus, OR
Milwaukee, W1
Nashwille, TN
Charlotte, NC
Jacksonwville, FL
Raleigh-Durham, NC
West Palm Beach, FL
Greensbaro, NC
Hartford, CT
Memphis, TN-AR-MS
Oklahoma City, OK
Buffalo, NY
Norfolk, VA/NC
New Orleans, LA
Louisville, KY-IN
Rachester, NY
AVERAGE

H Verizon

B T-Mobile

CMA

B 1n this table, a Jarger metric value indicates better performance.

13
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16.  As with Table 2 above, Table 4 below shows the forward-looking, market by
market comparison of the spectrum efficiency of the Verizon and T-Mobile networks, correcting
for the different mix of smartphones and featurephones, using a spectrum efficiency weighting of
1.0 for the 700 MHz and cellular bands, and a spectrum efficiency weighting of 0.5 for the PCS
and AWS bands. When different spectrum bands are appropriately weighted in this pro forma
post-acquisition analysis, T-Mobile is shown to be as or more spectrally efficient than Verizon
Wireless in 5 of the 5 top markets, 9 of the 10 top markets, and 33 of the Top 49 markets.
Averaged over these markets, T-Mobile’s spectrum efficiency exceeds that of Verizon Wireless

by 70%.

14
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Post-Spectrum Acquisition, Weighted Spectrum, With
Smart Phone Mix

Spectrum Efficiency (k-Sub / MHz)
0 20 40 60 80 100 120 140 160

Los Angeles, CA

New York, NY-NJ
Chlcago, IL
Dallas-Fort Worth, TX
Houston, TX
Phifadelphia, PA
Atlanta, GA
Washington, DC-MD-VA
Detroit, MI

Boston, MA

San Francisco, CA
Mizmi, FL

Phoenix, AZ
Minneapolis-St. Paul, MN
San Diego, CA
Denver-Boulder, CO
8aldmore, MD
Seattle-Evecett, WA
St. Louls, MO-IL
Tampa-St. Petersburg, FL
San Juzn-Caguas, PR
Portland, OR-WA
Sacramento, CA
Pittsburgh, PA

Las Vegas, NV

San Antanio, TX
Kansas City, MO-KS
San Jose, CA
Orlando, FL
Cleveland, OH
Indlanapoils, IN
Cincinnad, OR-KY-IN
Salt Lake City-Ogden, UT
Austn, TX
Colymbus, OB
Milwaukee, WI
Nashville, TN |
Charlotte, NC
Jacksonville, FL
Raleigh-Durham, NC
West Palm Beach, FL
Greensboro, NC
Hartford, CT
Memphis, TN-AR-MS
Oklahoma City, OK
8uffalo, NY

Norfolk, VA/NC

New Orleans, LA
Loussville, KY-IN |
Rochester, NY
AVERAGE

B Verizon

B T-Mobile

CMA

% In this table, a larger ruetric value indicates beiter performance.

15
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17. In short, when a meaningful spectrum efficiency analysis is carried out instead of
the flawed one presented by Applicants, it becomes clear that T-Mobile is significantly more
efficient than Verizon Wireless based on the subscriber-per-MHz metric.

Applicants’ Alternative Spectrum Share to Customer Connection Share Metric, When

Corrected for the Same Flaws, Leads Again to the Conclusion That T-Mobile Is
Significantly More Spectrally Efficient than Verizon Wireless

18. Under my supervision and direction, Roberson and Associates next conducted an
analysis and comparison using Applicants’ proposed alternative metric, the ratio of spectrum
share to customer connections share of the T-Mobile and Verizon networks in the Top-50
cellular market areas, but again removing from each operator’s allocation spectrum it does not
yet have, accounting for the different network demands imposed by smartphone user connections
compared to featurephone user connections, and adjusting for the relative spectrum efficiency
differences between high- and low-band spectrum. For this analysis we have used the available
customer market share data from [***BEGIN CONFIDENTIAL***| || GGG
B D CONFIDENTIAL***], which is equivalent to the customer
connections share measure used in the Verizon analysis. Herc, our analysis shows that the ratio
of spectrum share to customer connections share for T-Mobile pre-acquisitions exceeds Verizon
Wireless’ ratio in 9 of the top 10 markets, and 31 of the 49 top markets.

19. Similar to the previous analysis of spectrum efficiency as measured by
subscribers per MHz of bandwidth, we have removed from this alternative metric the spectrum
assigned to T-Mobile by AT&T pursuant to the break-up of the proposed merger, and have
performed a market-by-market comparison to compare the relative spectrum shares and customer

connections shares between network operators.

16
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20.  As above, our analysis and comparison of the relative spectrum share versus
market share corrects Applicants’ analysis by taking into account the difference in smartphone
market share between operators. The relative mix of smartphones on Verizon Wireless” network
1s again taken as 40%, while the relative mix of smartphones on the T-Mobile network is taken at
50%. As above, as well, smartphones are assumed to consume 35 times as much bandwidth as
featurephones.

21.  Table 5 below shows the effects of correcting the anatysis of the ratio of spectrum

share to customer connections share to reflect the differing smartphone connection mix between
operators. It shows that when this correction alone is made, T-Mobile is demonstrated to be more
efficient (has a lower ratio of spectrum share to customer connections share) than Verizon
Wireless in 5 of the top 5 markets, and many more of the Top 49 markets. Averaged across 49

markets, T-Mobile’s ratio of 0.84 differs only marginally from that of Vcrizon Wireless’ 0.78.

17
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TABLE 5%

Pre-Spectrum Acquisition, UnWeighted Spectrum, With Smart Phone Mix

Spectrum Share / Customer Connections Share

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

o

Los Angeles, CA

New York, NY-NJ
Chicago, IL
Dallas-Fort Werth, TX
Houston, TX
Philadelphia, PA
Atlanta, GA
Washington, DC-MD-VA
Detroit, MI

Boston, MA

San Franclsco, CA
Miam), FL

Phoenix, AZ
Minneapolis-5¢t. Paul, MN
San Diega, CA
Denver-8oulger, O
Baltimore, MD
Seanle-Everett, WA
St. Louls, MO-IL
Tamgpa-St. Petersburg, FL |
San Juan-Caguas, R
Portlang, OR-WA
Sacramento, CA
Fittsburgh, PA

Las Vegas, NV

San Antonio, TX
Kansas City, MO-KS
5an Jose, CA
Orlando, FL
Cleveland, OH
Indianapolls, IN
Cin¢innati, OH-KY-IN
Salt Lake City-Ogden, UT
Austin, TX
Calombus, OH
Milwaukee, Wi
Nashville, TN
Charlotte, NC
Jacksonville, FL
Raleigh-Durham, NC
West Palm Beach, £L
Greensboro, NC
Hardford, CT
Memphis, TN-AR-MS
Oklahoma City, OK
Buffalo, NY

Norfolk, VA/NC

New Orleans, LA
Loulsville, KY-(N
Rochester, NY |
AVERAGE |

[T S

M Verizon M T-Moblle

3 In this table, a smaller metsic value indicates better performance.

18
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22. As in our first analysis, we performed the further correction to reflect the different
spectral efficiency capabilities of low- and high-band spectrum. Again, a weighting factor of 1.0
is applied to 700 MHz and 800 MHz spectrum, and a weighting factor of 0.5 is applied to PCS
and AWS spectrum.

23.  Table 6 below shows the results of weighting spectrum in this manner in the
comparison of the ratio of operator spectrum share to customer connections share. As can be
seen, when the different spectrum bands are appropriately weighted, T-Mobile is demonstrated
under this metric to be more efficient in 8 of the top 10 markets, and 31 of the top 49 markets.
(In Table 6, a lower ratio indicates higher efficiency.) Averaged over these 49 markets, T-

Mobile’s ratio of 0.42 is significantly lower — and therefore better — than Verizon’s 0.63.

19
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TABLE 6%
el
Pre-Spectrum Acquisition, Weighted Spectrum, With Smart Phone Mix
Spectrum Share / Customer Connections Share
0.060 0.50 1.00 1.50 2.00 2.50 3.00 3.50
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Miami, FL
Phoenix, AZ
Minneapolis-St. Paul, MN
San Dlego, CA
Denver-Boulder, CO
Baltimore, MD |
Seattle-Everett, WA _
St. Louis, MO-IL e
Tarmpa-St. Petersburg, FL
San Juan-Caguas, PR
Portland, OR-WA
Sacramento, CA
Pittsburgh, PA ——
Las Vegas, NV §=ne
5an Aatonio, TX
Kansas City, MO-XS
San Jose, CA
Orlando, FL
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Indianapolis, IN
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Salt Lake City-Ogden, UT
Austin, TX
Columbus, OH il
Milwavkee, W)
Nashville, TN
Charlotte, NC
Jacksonvllie, FL
Ralelgh-Durham, NC
West Palm Beach, FL
Greensboro, NC
Hardoed, CT
Memphis, TN-AR-MS |
Oklahoma City, OK
Buffalo, NY
Norfolk, VA/NC
New Orleans, LA
Loulsville, KY-IN —
Rochester, NY m——
AVERAGE =

HVerizon W T-Mobile

18 In this table, a smaller metric value indjcates better performance.

20
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24.  As above, a further, post-acquisition analysis and comparison of the ratio of
operator spectrum share to customer connections share of the T-Mobile and Verizon networks in
the Top-50 cellular market areas was performed, by adding to each operator’s spectrum
allocation the licenses that would be acquired as a result of pending and proposed transactions.

25.  Table 7 below shows this forward-looking, market by market comparison of the
ratio of spectrum share and customer connections share of the Verizon and T-Mobile networks,
correcting for the effect of the different mix of smartphone and featurephones on the Verizon
Wireless’ and T-Mobile networks, using the same factors as above. Table 7 shows that when the
correction for differing smartphone mix alone is made in the forward-looking analysis, the ratio
of spectrum share to customer connections share of T-Mobile is shown to be equal or lower than
Verizon Wireless in 5 of S top markets, and many of the Top 49 markets. (In Table 7, a lower
ratio indicates higher efficiency.) Averaged across 49 markets, T-Mobile’s ratio of spectrum

share to customer connections share is nearly identical to that of Verizon Wireless.
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TABLE 72

Post-Spectrum Acquisition, UnWeighted Spectrum, With Smart Phone
Mix

Spectrum Share / Customer Connections Share (%)

0. 0 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Los Angeles, CA

New York, NY-NJ
Chicago, IL
Dallas-Fort Worth, TX
Houston, TX
Philadelphia, PA
Allanta, GA
Washington, DC-MD-VA
Oetroit, M)

Boston, MA

San francisca, CA
Miami, FL

Phoenis, AY
Minneapolls-St. Paul, MN
$an Olega, CA
Denver-8oulder, CO
Baltimore, MD
Seattle-Everelt, WA
St. Louis, MO-IL
Tampa-St. Petersburg, FL
San Juzn-Caguas, PR
Portlangd, OR-WA
Saeramento, CA
Pittsburgh, PA

Las Vegas, NV

San Antonig, TX
Kansas City, MO-KS
San Jose, CA
Orlando, FL
Cleveland, OH
Indiznapoiis, (N
Cindnnati, OH-KY-IN
Salt Lake City-Ogden, UT
Ausbn, TX
Columbus, OR
Milwaukee, W)
Nashville, TN
Charloste, NC
Jacksonville, FL
Ralelgh-Durham, NC
West Palm Beach, FL
Greensboro, NC
Hartford, CT
Memphls, TN-AR-MS
Oklahoma City, OK
Buffalo, NY

Norfolk, VA/NC

New Orleans, LA

o

0 0.

ul

-

II\IIH\IIHIIHIIII\IIHIIHI\IIIIIHIIHIIIIIH

Louisville, KY-IN fo—
Rochester, NY =i}
AVERAGE |

H Verizon ™ T-Mobile

17 1) this table, a smaller metric value indicates better performance.
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26.  Table 8 below shows the post-acquisition, market by market comparison of the
ratio of spectrum share to customer connections share of the Verizon and T-Mobile networks,
correcting for the different mix of smartphones and featurephones, and taking into account the
relative ability of low- and high-band spectrum to support customer connections, again using the
same factors as above. When different spectrum bands are appropriately weighted in the
forward-looking analysis, the ratio of spectrum share to customer connections share for T-
Mobile is shown to be lower or equal to Verizon Wireless in 9 of the 10 top markets, and 33 of
the Top 49 markets. Averaged over these markets, the ratio of spectrum share to customer
connections share for T-Mobile is less than Verizon Wireless by more than 30% percent. (In
Table 8, a lower ratio indicates higher efficiency.)

27.  Thus, as with the first metric, when a meaningful comparison of network operator
efficiency as measured by the ratio of spectrum share to customer connections share is carried
out, and the flaws in Applicants’ analysis are corrected, it is clear that T-Mobile is significantly
more efficient that Verizon Wireless, particularly in the major metropolitan areas where the

subscriber demand on spectrum is greatest.
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TABLE 82

Post-Spectrum Acquisition, Weighted Spectrum, With Smart Phone Mix

Spectrum Share / Customer Connections Share (%)
0 1.00 1.50 2.00 2.50 3.00 3.50 4.00

%

0.00 0.

Los Angeles, CA JP—
New York, NY-N) Jr—
Chicago, IL
Oallas-Fort Worth, TX |
Houston, TX |
Philadelphia, PA
Atlanta, GA |
Washington, DC-MD-VA
Detroit, Ml
8oston, MA
San Francisca, CA
Miami, FL |
Phoenix, A2
Minneapolis-St. Paul, MN fr—
San Diego, CA
Denver-Boulder, CO
8akimore, MD
Seattle-Everett, WA
St. Lauis, MO-IL
Tampa-St. Petersburg, L
San juan-Caguas, PR
Portiand, OR-WA
Sacramento, CA |
Pittsburgh, PA
Las Vegas, NV
$an Antonio, TX
Kansas City, MO-KS _
San loze, CA
Orlando, fL
CUeveland, OH
Indiznapolis, IN |
Cincinnatd, OR-KY-IN
Salt Lake City-Ogden, UT
Austin, TX |
Columbus, OH
Milwaukee, Wi
Nashville, TN
Charlotte, NC
Jacksonville, FL
Raleigh-Durham, NC
West Palm Beach, fL
Greensboro, NC
Hartforgd, CT
Memphis, TN-AR-MS
Oklahoma City, OK
Buffalo, NY
Norfolk, VA/NC |
New Orleans, LA Jr—
Louisville, KY-IN e —
Rochester, NY L
AVERAGE [i—

Il

(IR AT

B \Verizon HT-Mobile

13 1n this table, a smaller metric value indicates better performance.
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Conclusion

28.  Insummary, when accurate and complete comparisons of network operator
efficiency as measured by either spectrum efficiency or the ratio of operator spectrum share to
customer connections share are made, instead of the incomplete and therefore misleading ones
presented by Applicants, it becomes clear that T-Mobile is significantly more efficient in its use
of spectrum than Verizon Wireless.

[SIGNATURE ON NEXT PAGE)]
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Dennis Roberson

Executed this 26th day of March, 2012.
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INTRODUCTION

.1, Judith Chevalier, submit this supplemental declaration on behalf of T-Mobile USA,

Inc. (“T-Mobile™) in Docket WT 124. 1 have been retained to provide expert analysis
and testimony, if necessary, regarding two related transactions involving transfers of
spectrum between SpectrumCo, LLC (“SpectrumCo”), Cox TMI Wireless, LLC (“Cox”)
and Cellco Partnership d/b/a Verizon Wireless (“Verizon”). Specifically, | have been
asked to respond to certain arguments in the March 1, 2012 Declaration of Michael L.
Katz (“Katz Declaration™) as well as comment on certain aspects of the Joint Marketing
Agreements (“JMAs”). This Declaration is true and correct to the best of my knowledge

information and belief.

. My professional qualifications and experience were described in my declaration, filed as

Exhibit A to the Petition to Deny of T-Mobile on February 21, 2012, and my CV was

attached as Appendix A to that declaration.

SUMMARY OF CONCLUSIONS

. The summary of my conclusions is as follows:

e Professor Katz mischaracterizes my concems with the proposed transaction, and
having established this straw man, attacks it rather than addressing the arguments
in my declaration.

e Arguments made about Verizon’s spectral efficiency are both irrelevant to the
question of potential hoarding by Verizon and misleading. The metric that

Verizon uses in support of its efficiency argument is not necessarily indicative of
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spectral efficiency. Moreover, Verizon’s investments in capacity do not rule out
withholding in the past or the future.

¢ Professor Katz proposes a counter-model that fails to capture key features of the
industry and the issue at hand. Professor Katz’s counter-model does not support
his argument that the Commission should not be concerned about the incentives
Verizon faces to withthold spectrum.

¢ Finally, the JMAs present both horizontal and vertical competition concems.
Firstly, the IMAs represent coordinated action among a group of horizontal
competitors. Secondly, the JMAs potentially restrict access to key inputs and
distribution channels for wireless service providers other than Verizon. This
concern is exacerbated by the fact that one of the cable companies, Comecast, 1s
substantially vertically integrated and is a supplier of content. Finally, these
agreements may diminish the role of Verizon’s parent company, Verizon
Communications Inc (“Verizon Communications™), which is a provider of
wireline broadband services, including video, voice and data (FiOS), as an

additional horizontal competitor to the cable companies.

CONCERNS ABOUT THE PROPOSED TRANSACTION

. Professor Katz’s declaration mischaracterizes my concerns with the proposed transaction

between Verizon and the cable companies making much of his declaration irrelevant to
the issue at hand. The spectrum transfer under consideration in this case poses concerns
because of Verizon’s substantial existing holdings of high-quality spectrum and the

incentives it would face to hoard the spectrum newly acquired from SpectrumCo and
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Cox. Moreover, smaller competitors would have an economic incentive to put this
spectrum to use serving conswmers as quickly and efficiently as possible, whereas
Verizon may have an incentive to use the spectrum less quickly and less intensivcly, in
order to limit overall output in the market and drive up prices, Professor Katz
mischaracterizes my concem as a proposal to “second-guess the secondary market” that
would have the effect of “...distorting or limiting secondary market sales to favor certain

'l In fact, it is this very goal of assigning spectrum to its highest-

potential buyers...’
value users that motivates my concerns about the proposed transaction.” Even if Verizon
demonstrated the highest private value for the spectrum at issue at the time of the
transaction with SpectrumCo, this docs not imply that Verizon would create the highest
social value from its usage of the spectrum and is not inconsistent with the incentive a
dominant firm faces to hoard a scarce input.

5. Moreover, Professor Katz’s declaration mischaracterizes the theory of resource hoarding.
Contrary to what he claims, I do not believe that having additional spectrum
automatically creates dominance.® Rather, as I explain in my original declaration,
“different firms have different incentives to utilize new potential capacity depending on

their relative dominance in the market.” Spectrum is an essential and scarce input for

the wireless industry. Any firm that holds large amounts of spectrum potentially has

' Declaration of Michael L. Katz, “An Economic Assessment of Arguments Made by Opponents to SpectrumCo’s
And Cox’s Proposed License Assignruents to Verizon Wireless,” submitted in support of Joint Opposition to
Petitions to Deny and Comments (“Joint Oppositior™), Docket 12-4, dated March 1, 2012, (“Katz Declaration™), p.
2, 94.

2 Similarly, Professor Katz also states that “[E]conomic analysis strongly indicates that a policy of reserving
secondary-market purchases for certain providers or ¢lasses of providers would be misguided and harmful to
consumers.” (See Katz Declaration, p. 11, §22.)

* Professor Katz states that “Opponents of the license assignments appear to believe that having additional spectrum
automatically creates dominance.” (See Katz Declaration, p. 6, ]12).

4 Declaration of Professor Judith Chevalier, submitted in support of Petition to Deny of T-Mobile, USA, Inc.,
Docket 124, dated February 21, 2012, (“Chevalier Declaratior™), pp. 10-11, §27.
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incentives to withhold and foreclose competitors. Despite Professor Katz’s claims,
competitive success is not a necessary precursor to demand for additional spectrum rights

and Professor Katz does nothing to establish this.’

IV. SPECTRAL EFFICIENCY

6. Professor Katz uses an inappropriate measure of spectral efficiency to argue that Verizon
uses its spectrum intensively and would put the transferred spectrum licenses to their
highest-value.® Just as not all spectrum is equal, not all subscribers are equal. Different
subscribers use their phones with different intensities. For example, in early 2012,
subscribers of Verizon, AT&T, Spnnt, and T-Mobile significantly varied in their usage of
voice minutes (665, 600, 900, and 986 minutes per month, respectively.)7 As the
subscribers are transitioning from simple wireless devices to smartphones, tablets,
netbooks, etc, they vary greatly in their network demands in terms of the usage of voice
minutes and data. These differences imply that data demands on wireless networks may
differ significantly across carriers. As a result, a measure of spectral efficiency that is
based on the number of customers per MHz or MHz-pop can be misleading.

7. The Declaration of Dennis Roberson supports the fact that Verizon’s measure of spectral
efficiency is misleading by noting “...any comparison of spectrum efficiency using the

metric of subscribers/MHz must take into account any difference in the relative mix of

5 Katz Declaration, pp. 6-7, §912-13.

6 “By the measure used by Verizon Wireless in its ordinary course of business, and in an independent analysis,
Verizon Wireless was found to use spectrum more intensively than T-Mobile, notwithstanding T-Mobile's assertion
that it would put the spectrum involved in the proposed transfer to greater use.” Katz Declaration, p. 13, §26.

7 RBC Capital Markets, American Tower Corp., Data 2012, January 19, 2012, p.10.
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smartphones and feature phones between the networks being compared.”® Moreover,
Roberson notes that ““...lower-band spectrum is able to provide a higher spectral

efficiency over an area than higher band spc:ctrum,”€>

V. THE POTENTIAL FOR GAIN FROM WITHHOLDING FOR
A LARGE INCUMBENT

8. AsIexplain in my initial declaration, the potential for a large incumbent to gain from
hoarding a scarce asset (and foreclosing rivals’ access to that asset) is an issue that is
well-understood in the economics literature in contexts both involving spectrum and in a
broader array of economic settings. ' In Appendix B to my declaration, I propose a
simple illustrative model that depicts the basic economic mechanism of how a larger
incumbent will have more incentive to hoard a scarce asset than a smaller incumbent. In
particular, in the economic literature and public discussion on spectrum auctions, it is
widely recognized that the price a party is willing to pay in an auction is driven by the
private value captured by the licensee, whilst ideally the mechanism would maximize the

social value created by the licensee.!! The Commission recognizes this tension between

¥ Declaration of Dennis Roberson, submitted in support of Repty of T-Mobile USA, Inc., to Opposition to Petition to
Deny, Docket 12-4, on March 26, 2012, (“Roberson Declaration™), herewith, p. 5, 8.

? Roberson Declaration, p. 8, 910.

' For example, see Crocioni, Pietro, “Is allowing trading enough? Making secondary markets in spectram work,”
Telecommunications Policy, 2009, Vol. 33, pp. 451-468; Cave, Martin, “ Anti-competitive behavior in spectrum
markets: Analysis and Response,” Telecommunications Policy, 2010, Vol. 34, pp. 251-261. Borenstein (QJE, 1988)
addresses this issue in the context of airlines and airport landing slots and Shaffer (BEJEAP, 2005) and Marx and
Shaffer (JEMS, 2010) in the context of large packaged goods manufacturers and supernnarket slotting aliowances.
See also, Richard J. Gilbert and David M. G. Newbery, “Preemptive Patenting avd the Persistence of Monopoly,”
American Economic Association, 1982, Vol. 72, pp. 514-526.

! Peter Cramton, “The Efficiency of the FCC Spectrum Auctions,” Journal of Law and Economics, 1998, Vol. 41,
pp. 727-736; John McMillan, “Why Auction the Spectrum?” Telecommunications Policy, Vol. 19:3, 1995, pp. 191-
199.
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the private and social values by limiting the amount of spectrum any one firm can hold in
any geographical area. 12

9. Thave discussed the literature on hoarding, but another lens through which to see this
concern is the economic literature on raising rivals’ costs. While it may be costly for a
firm to buy spectrum that it will not use (or will use inefficiently or less intensively), if,
by doing so, the firm raises competitors” costs (or potential entrants’ costs), this can, on
net, raise the firm’s profits. As Professor Katz succinctly notes elsewhere, “A
manufacturer’s profits typically are an increasing function of his rivals® costs. Thus, a
manufacturer is willing to take costly actions that serve to raise his rivals® costs.”"
While Professor Katz takes issue with the specific details of the model in the appendix of
my declaration, he is nearly silent on the content of the body of my declaration.
Specifically, he does not appear to attempt to rebut the overall premise of my declaration,
that hoarding and raising rivals’ costs are potentially important issues in this transaction.

10. Instead, Professor Katz provides two supposed rationales of why Verizon woulgd not
withhold and then he attacks the details of the “simple illustrative model” that I provide
in the Appendix to my declaration. Furthermore, Professor Katz proposes a counter-
model which misses key features of the industry and the issue at hand. Neither of his
rationales provides any counter-evidence against concerns about withholding. His

critique of my model is erroneous, and his counter-model misleading. I treat each of

these in turn, below.

12 peter Cramton, “The Efficiency of the FCC Spectrum Auctions,” Journal of Law and Economics, 1998, Vol. 41,
.727-736, p. 731.

* Michael L. Katz , “Vertical Contractual Relations”, in Handbook of Industrial Organization, Vol. 1, Chapter 11,

pp. 655-721 (R. Schmalensee and R.D. Willig eds., 1989), p. 706.
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11. Professor Katz’s first rationale is that Verizon has “invested billions of dollars per year to
increase its capacity and expand output”'* and he argues that these investments are
inconsistent with withholding,'* The existence of these investments rules out neither
withholding in the past nor withholding in the future. Speaking generally, in an
environment of growing demand, it is rational that a dominant firm would expand output.
However, it might expand output at less than a socially optimal level in order to increase
its own profits. As a result, Verizon’s behavior is consistent with warchousing,

12. Professor Katz’s second rationale is that Verizon uses its spectrum intensively.'®
discuss the specific claim that Verizon uses its spectrum intensively, above, and the
separate technical analysis of this claim by Dennis Roberson addresses it; but even if it
were true that Verizon used its spectrum more intensively compared to its competitors,
this would not allay concerns about potential withholding. As a matter of economic
principle, even if 2 dominant firm is more efficient than its competitors, that does not
mean it is not withholding or that it does not face incentives to withhold. It is possible it
could be more productive with its capacity, but chooses not to do so in order to profitably
increase prices.

13. Turning to Professor Katz’s objections to my model, it is first worth noting the general
character of the objections; Professor Katz objects that my model does not capture all of

the relevant details of the indusiry. T concede that my model does not capture all of the

'* Katz Declaration, p. 15, Section ITI.A.1 Title.

'* Katz Declaration, pp. 15-17, §931-33.

' Katz Declaration, pp. 17-20, §§34-37. Professor Katz notes elsewhere that forward-looking firras will buy
spectrum before needing to use it, and that this rebuts concerns that Verizon has bought spectrum that it has not yet
developed (See Katz Declaration, pp. 12-13, 425). In fact, the fact that a fire may buy spectrum ahead of immediate
need is not inconsistent with warehousing. The need for spectrum in the future and the desire to withhold or raise
rivals’ costs combined will give & firm more incentive to buy spectrum,
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details of the industry; that is the nature of a model. At issue, then, is really a dispute
about what factors are important to consider in order to inform a conclusion that it can be
both possible and profitable for a large incumbent in an industry to gain from hoarding
access to a scarce asset. I first address Professor Katz's objections to my model, and then
[ explain why my model, albeit simple, is ultimately more successful than Professor
Katz’s in that it addresses the interdependency between firms in the marketplace.
A.  The Model of Withholding Is Internally Consistent

14. Professor Katz writes that the model that I present is internally inconsistent because I
argue that a firm can both be a price-taker and recognize the implications of its decisions
on other firms."” In fact, I make it quite clear in the model that “[i]t is difficult to predict
the outcome in this market without knowing the game goveming competitive interactions
that the firms are playing.”'® I then explain that if all firms in the market produced to full
capacity, that would lead to a particular outcome.'® 1 explain also that under a more
general set of assumptions there would be higher market prices, which imply lower
output.20

15. I then show that, under the simple assumptions which I provide, the larger firm can gain
more than the smaller firm from leaving capacity unutilized.?! Most notably, while
Professor Katz criticizes my model, he does not attempt to argue that this implication of

the model is not robust. The point of this discussion in my declaration (with the caveats

"7 Katz Declaration, pp. 21-23, 1139-42.
18 Chevalier Declaration, Appendix B, p. 2.
% For example, 1 state that “[i]f the firms Bertrand compete on price and produce to full capacity, the equilibriura
price in this market will be P*= ¢3 (with unit E in production as well as all of the others).” (See Chevalier
Declaration, Appendix B, p. 2).
2 Chevalier Declaration, Appendix B, p. 3. Fimn C withdrawing some capacity which Professor Katz discusses on
?age 22 of his declaration is one such scenario.

! Chevalier Declaration, Appendix B, p. 3.
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that Professor Katz chooses to ignore) is that there are scenarios in which the large firm
may have an incentive to withdraw capacity from the market rather than use it to produce
output. That such an outcome is produced by my model is not surprising. There is, as I
cite in the body of my report, a substantial economic literature in which models that have
this feature are presented and tested.”? I further explain in Appendix B that we can use
similar intuition to understand situations in which a dominant firm utilizes spectrum, but

creates capacity with it less intensively than would another firm,

B.  Assumptions about Wireless Spectrum in the Model Are
Appropriate to Illustrate Concerns about Spectrum Hoarding

16. Professor Katz asserts that I assume in my model that one unit of spectrum produces one
unit of output.** In fact, I make no such assumption. In the model, I discuss and model
units of “capacity” and do not equate them one-for-one to spectrum holdings.”> Indeed, I
acknowledge, both in Appendix B and throughout the report, that a unit of spectrum is
not equated to a unit of output.?®

17. Professor Katz explains that a carrier faces an increasing marginal cost of turning a given
unit of spectrum into output, and that the individual carrier faces an increasing marginal
cost curve.”’ This is an accurate description, certainly, of the provision of some wireless
services. While I did not model that issue in my simple illustrative model, showing an

increasing marginal cost of generating more units of output from cach unit of capacity

22 Chevalier Declaration, fa 29-30.

B Chevalicr Declaration, Appendix B, p. 3.

¥ Xatz Declaration, p. 23, J43.

% Chevalier Declaration, Appendix B, p. 1.

% Chevalier Declaration, Appendix B and Chevalier Declaration, pp. 7-8, f916-20.
27 Katz Declaration, pp. 25-26, 47.
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would not change the basic outcome of my model. In such a model, an incumbent firm
may still find it useful to hoard capacity.

18. Professor Katz models an increase in spectrum holdings as having a very specific effect
on the cost of a firm. He models an increase in spectrum holdings as increasing the
amount of output that the firm could produce for any given level of marginal cost.”® This
may be true for some production technologies and settings, but it is certainly not
necessarily true as a general matter. One example is a production technology that requires
two or more scarce inputs. The marginal cost of production would not necessarily
decrease if the supply of one of the scarce inputs increased, because capacity would
remain constrained by the unchanged supply of the other scarce inputs. Another example
in which this may not be true is a production tcchnology that relies on one scarce input,
but any utilization of that input requires the firm to develop a supplemental technology to
convert the added inputs into output. The resulting overall marginal cost of production
must then include any marginal costs of implementing the utilization technology.

However, if the utilization technology is not implemented, the marginal cost curve
remains unchanged. This scenario is particularly applicable to the proposed acquisition.
If, like Verizon's existing AWS holdings, the acquisition spectrum remains undeveloped
or underdeveloped for a substantial period of time, the effect on Verizon's marginal cost
(and therefore output under Professor Katz's MR=MC model) will be either non-existent
or smaller than it could be if the spectrum were fully developed. This is discussed further

in Section E, below.

28 Katz Declaration, pp. 25-27, 147-48.

10
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C. Professor Katz’s Discussion of Model Calibration Is Irrelevant
and Misleading

19. Professor Katz spins a complicated argument in which he claims that the fact that T-
Mobile has complained that it did not have a chance to bid on the SpectrumCo spectrum
proves that Verizon will use the spectrum. He argues that my model implies that a larger
incumbent might not outbid a smaller incumbent when both firms are planning to use the
spectrum, but that the larger incumbent will always outbid the smaller incumbent in the
hoarding scenario.”? My model does not imply this at all. In my model, I illustrate the
simple issue that a larger incumbent gets more benefit from hoarding than does a smaller
incumbent. I also discuss possible extensions to the model such as more intensive and
less intensive uses of spectrum. Furthermore, in the body of my declaration I discuss that
a complicated set of issues will affect the usage of and willingness to pay for spectrum
assets. For example, because the spectrum at issue in this proceeding is in the AWS
band, it is complementary to the existing assets of T-Mobile and MetroPCS.»°
D. Modeling Quality and Product Differentiation

20. Professor Katz criticizes my model for not incorporating product differentiation and
quality.®" It is not clear that Professor Katz’s counter-model incorporates it either.
Professor Katz argues that my model specifically implies that larger firms have an
incentive to raise quality more than smaller firms, to the extent that quality improvements
are a fixed cost.>> 1t is somewhat difficult to interpret this comment, because neither he

nor I have specified how quality improvements affect consumers’ willingness to pay for

% Katz Declaration, p. 30, §55.

% Chevalier Declaration, pp. 9-10, §§22-23.
3 Katz Declaration, pp. 28-30, 50-53.

32 Katz Declaration, p. 29, §53.

11
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the incumbent’s product and for the rival’s product. Thus, Professor Katz’s comments

are irrelevant to the issue at hand.

E.  Professor Katz’s Counter-Model Cannot Inform the Question of
whether Verizon Faces Incentives to Hoard Spectrum

21. Crucially, instead of building his marginal cost assumptions into a model of the market
for telecommunications services, Professor Katz uses this assumption as a justification
for proposing his counter-model, a model of an individual firm’s marginal revenue and
marginal cost equation. Professor Katz models an increase in spectrum holdings as
increasing the amount of output that the firm could produce for any given level of
marginal cost.® He shows that this effective decrease in marginal cost will lead the firm
to increase output.34

22. Professor Katz’s counter-model treats the effect of the incremental capacity in a vacuum
from any potential strategic considerations in the market. In contrast, as I discuss in my
declaration,® firms must make investments to turn spectrum into productive output. If a
large incumbent firm anticipates that its rivals will tum spectrum into productive output,
the incumbent firm could buy the spectrum and hoard it, even if it assesses that it would
not find it worthwhile to undertake those investments itself. In the circumstance in which
the firm does not bear the fixed cost of building out the spectrum, the individual firm’s
marginal cost would not shift out as in Professor Katz’s Figure 3, and thus, the firm
would not increase output. However, as illustrated in the body of my report and

Appendix B, it is possible that a rival would find it profitable to make investments to use

3 Katz Declaration, pp. 25-28, §147-49.
¥ Katz Declaration, p. 27, J48.
3 Chevalier Declaration, p. 7, 18.

12
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that same spectrum to produce output.”® That is, Professor Katz’s Figure 3 could be
inapplicable to one market participant, while an illustration very like Figure 3 could apply
to a smaller market participant.

Even if Figure 3 were i0 be taken as a face-value illustration of market dynamics, it is
worth pointing out that Professor Katz, by focusing on the individual firm rather than the
market, does not consider other ways in which market outcomes would differ for
different purchasers of the spectrum. For example, notice that the steeper the marginal
revenue (“MR”) curve faced by the firm in Figure 3, the lower the output effect of the
marginal cost reduction that Professor Katz has drawn. For example, in paragraphs 50-51
of his declaration Professor Katz takes me to task for not accounting for product

1.7 However, product differentiation implies a less elastic

differentiation in my mode
demand curve, which implies a stecper marginal revenue curve, which implies less output
increase from the marginal cost curve (“MC”) shift that Professor Katz has drawn.
Indeed, in particular, if one firm faces an overall steeper demand curve (and thus

marginal revenue curve) due to the differentiated quality of its product, the cutput effect

that Professor Katz has illustrated in Figure 3 will be smaller.

JOINT MARKETING AGREEMENTS

The IMAs, a series of agreements between SpectrumCo, the individual cable companies
~— Comcast Cable Communications, LLC (“Comcast), , Time Warner Cable Inc.
(“TWC”), Bright House Networks, LLC, (“BHN”) and Cox Communications Inc.

(“Cox”) — and Cellco Partnership d/b/a Verizon Wireless (“Verizon™), govern the

3 Chevalier Declaration, Appendix B, p. 3 and Chevalier Declaration, pp. 7-8, §§16-20.
37 K atz Declaration, p- 28, 450-51.
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applicants’ coordinated efforts to enter the [***BEGIN HIGHLY CONFIDENTIAL***]

I  + **END HIGHLY

CONFIDENTIAL***] market through a Joint Venturc. The JMAs include a [***BEGIN
HIGHLY CONFIDENTIAL**+} | : [+ :\D
HIGHLY CONFIDENTIAL***] Agent Agreements’® and Reseller Agreements*
between Verizon and the individual cable companies.

25. Because Verizon has produced only redacted agreements, it is difficult to identify with
precision the potential future harms to competition and consumers. Nevertheless, the
IMAs present both horizontal and vertical competition concemns. Firstly, the IMAs
represent coordinated action among a group of horizontal competitors. Secondly, the

JMAs s potentially restrict access to key inputs and distribution channels for wireless

3 [(x*+*BEGIN HIGHLY CONFIDENTIAL ***

**+*END HIGHLY CONFIDENTIAL**¥]
[***BEGIN HIGHLY CONFIDENTIAL***

[¥**END HIGHLY CONFIDENTIAL***
*+*BEGIN HIGHLY CONFIDENTIAL***)

[***END HIGHLY CONFIDENTTAL***]
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service providers other than Verizon. This concern is exacerbated by the fact that one of
the cable companies, Comcast, is substantially vertically integrated and is a supplier of
content. Finally, these agreements may diminish the role of Verizon’s parent company,
Verizon Communications, which is a provider of FiOS services, as an additional
horizontal competitor to the cable companies. In this section [ first discuss my concerns
regarding the agreements between horizontal competitors. I then discuss my concemns
regarding the ability of the applicants to restrict access to critical inputs to future mobile
broadband services. Finally, I discuss my concerns regarding the potential diminishing of

Verizon Communications’ FiOS service as a competitor to the cable companies.

A. The JMAs May Limit Competition between Horizontal
Competitors

Although the JMAs contain [***BEGIN HIGHLY CONFIDENTIAL**+| | GGG

I - =N D HIGHLY CONFIDENTIAL**#], the
agreements between Verizon and each of the cable companies contain [***BEGIN
HIGHLY CONFIDENTIAL*++| |
D

HIGHLY CONFIDENTIAL***),
The [***BEGIN HIGHLY CONFIDENTIAL**+|JJj[***END HIGHLY

CONFIDENTIAL***] states that the Joint Venture is [¥**BEGIN HIGHLY

conrIDENTIA L ++ )

15
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]
B [+*+*END HIGHLY CONFIDENTIAL***]%

28. Under the JMAs, the cable companies [***BEGIN HIGHLY CONFIDENTIAL*** ||
B+ END HIGHLY CONFIDENTIAL***].® Similarly, the cable

companies are [***BEGIN HIGHLY CONFIDENTIAL***] [ b

]
I+ *END HIGHLY
CONFIDENTIAL*¥*]

29. The [***BEGIN HIGHLY CONFIDENTIAL*++| ||
N |+ +* END
HIGHLY CONFIDENTIAL***] As the major carriers deploy LTE, analysts expect

mobile broadband to become a more effective substitute for wireline broadband and more

4 reBEGIN HIGHLY CONFIDENTIAL***) || . > *=nD HiGHLY
CONFIDENTIAL#**],

2 [(***BEGIN HIGHLY CONFIDENTIAL***) ]l [***END HIGHLY CONFIDENTIAL***] p. 4.
43 [***BEGIN HIGHLY CONFIDENTIAL ***

(***END HIGHLY CONFIDENTIAL***|

[***BEGIN HIGHLY CONFIDENTIAL***

[***END HIGHLY CONFIDENTIAL**¥*]

16



30.

31.

REDACTED - FOR PUBLIC INSPECTION

entertainment content, including HD video programming, will be delivered over mobile
broadband.”

Traditionally, the large multiple system operator (“MSQO”) cable TV companies have
operated in geographically well-defined and non-overlapping franchise territortes and
have not competed with one another. However, with the deployment of LTE and the
advent of mobile broadband, there will be an opportunity for the cable companies to
extend service offerings beyond their wireline franchise territories using mobile
broadband. In this new arena, there is no reason why the cable companies could not

compete to provide service ofterings through wireless networks. However, [¥***BEGIN

HIGHLY CONFIDENTIAL**~] [
]
N +** END

HIGHLY CONFIDENTIAL***] It is important to note that the cable companies
entering into this agreement represent, in aggregate, a substantial market force; together
they presently account for approximately 60 percent of cable television households and

40 percent of all pay television households.*®

B. The JMAs May Allow the Applicants to Restrict Access to Critical
Inputs to Future Mobile Broadband Services

The cable companies and the wireless companies have a complex set of relationships.

One increasingly important dimension of those relationships is the role that the cable

45 Morgan Stanley, “Wireless Broadband Substitution in Focus with HomeFusion”, March 6,2012, p. 1; J. P.
Morgan, “Smart TV : TV gets Smart and supply chain gets Smart as well”, February 20, 2012, p. 22.

* National Cable & Telecommunications Association, Industry Data — Operating Metrics Section, Available at
<hitp://www.ncta.com/StatsGroup/OperatingMetric.aspx>, (Last accessed on March 23, 2012); National Cable &
Telecommunications Association, Industry Data — Top 25 Multichannel Video Programming Distributors as of Sept.
2011 Section, Available at <http://www.ncta.com/Stats/TopMSOs.aspx>, (Last accessed on March 23, 2012).
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companies play in providing content to wireless service providers. The economics
literature recognizes efficiency-enhancing reasons why firms that have vertical
relationships would enter into contractual relationships. However, the economics
literature has also recognized that one goal or effect of vertical contracting may be to
raise the costs of competitors in the marketplace or to deter entry.*’

32. As discussed above, under the IMAs, [***BEGIN HIGHLY CONFIDENTIAL**+] i}

-]
4
-]
I, - +  END HIGHLY
CONFIDENTIAL***].* The consequence of these agreements is that [¥**¥*BEGIN
HIGHLY CONFIDENTIAL*+] [
-]

7 For excellent summaries of the literature on vertical contractual relations that explain these issues, particularly the
effects of vertical coatracts on rivals or potential rivals, see Michael L. Katz , “Vertical Contractual Relations”, in
Handbook of Industrial Organization, Vol. 1, Chapter 11, pp. 655-721 (R. Schnalensee and R.D. Willig eds., 1989);
and Patrick Rey and Jean Tirole, “A Primer ou Foreclosure”, in Handbook of Industrial Organization, Vol. 3,
Chapter 33, pp. 2145-2220 (M. Apmstrong & R. Porter eds., 2007). See also, Michae] H. Riordan and Steven C.
Salop, “Evaluating Vertical Mergers: A Post-Chicago Approach,” Antitrust Law Journal, Vol. 63, pp. 513, 527-38
(1995); Thomas G. Krattenmaker & Steven C. Salop, *“Anticompetitive Exclusion: Raising Rivals’ Costs to Achieve
Power over Price,” Yale Law Journal, Vol. 96, pp. 209, 234-38 (1986).
‘8 [***BEGIN HIGHLY CONFIDENTIAL***

[***END HIGHLY CONFIDENTIAL***]

" [***BEGIN HIGHLY CONFIDENTIAL***]

[***END HIGHLY CONFIDENTIAL***]
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I (*+*END HIGHLY

CONFIDENTTAL**¥]

33. The Commission has expressed concern over seemingly analogous agreements in the
past, in particular over the access of video programming distributors to the content from
vertically integrated cable companies. For example, in the joint venture between Comcast
Corporation and NBC Universal, Inc. (“Comcast-NBCU”), the Commission stated that
the joint venture would give “Comcast an increascd ability to disadvantage some or all of
its video distribution rivals by exclusion, causing them to become less effective

%% and through an improved bargaining position it would lead to “an increase

competitors
in programming costs for Comcast’s video distribution rivals.”*' Furthermore, the
Commission found that the Comcast-NBCU joint venture would have the power to
exercise an exclusionary strategy and if successful, could allow Comcast to “obtain or (to
the extent it may already possess it) maintain market power.”>* F inally, the Commission
found that the transaction would give Comecast an incentive and ability to hinder
competition from distributors who rely on a relatively more recent but increasingly
popular form of video delivery, i.e., online video distribution.*® The Commission found
that Comcast may engage in a variety of anticompetitive strategies, which include, among

others:

e restricting access to or raising the price of affiliated online content;

% Memorandum of Opinion and Order, In the Matter of Applications of Comcast Corporation, General Electric
Company and NBC Universal, Inc., For Consent to Assign Liccnses and Transfer Control of Licensees, MB Docket
No. 10-56, January 18, 2011, (“Comcast-NBCU Order”), p. 17, 136.

3V Comeast-NBCU Order, p. 18, 937.

2 Comcast-NBCU Order, pp. 13-14, 129.

3 Comeast-NBCU Order, pD. 25-26, §960-61.
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o blocking, degrading, or otherwase violating open Internet principles with respect
to the delivery of unaffiliated online video to Comcast broadband subscribers; and
e using Comcast set-top boxes to hinder the delivery of unaffiliated online video.**
34. To address these concerns, the Commission implemented rules pertaining to agreements
between cable operators and content providers that may disadvantage content
distributors:
No cable operator shall enter into any exclusive contracts, or engage in any
practice, activity or arrangement tantamount to an exclusive contract, for satellite
cable programming or satellite broadcast programming with a satellite cable
programming vendor in which a cable operator has an attributable interest or a
satellite broadcast programming vendor in which a cable operator has an
attributable interest, with respect to areas served by a cable operator, unless the
Commission determines in accordance with paragraph (c)(4) of this section that
such contract, practice, activity or airangement is in the public interest.”
Additionally, the Commission analyzes the related transactions to assess whether the
program access rules sufficiently remedy the potential harm stemming from the
transactions. If found otherwise, the Commission may impose remedial conditions on the
parties involved in the transaction.*®
35. Though many details of the agreements have been redacted from the record, there may be
similar concems with respect to the commercial agreements and the Joint Venture
between the cable companies and Verizon. With advances in digital compression
technologies and video streaming capabilities on wireless devices, wireless carriers are

increasingly becoming the distributors of video programming to wireless subscribers of

the same kind distributed via cable and sate]lite providers. As such, the cable companies,

% Comcast-NBCU Order, p. 26, §61.

% 47 C.F.R. §76.1002, (c)(2). A similar provision applies to areas served by cable operators (47 C.F.R. §76.1002,
gc)(l)). The program access rules have been expanded in 2007. (See Comcast-NBCU Order, pp. 15-16, 1934-35.)
8 Comeast-NBCU Order, pp. 22-25, §49-59.
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especially Comcast, the controlling member of this cable consortium, can properly be
thought of as input providers to the wireless service companies. As a result, the
transaction between the cable companies and Verizon is subject to the same program
content access concerns as that described in the Commission’s Comcast-NBCU Order.
36. The Commission should perform a thorough analysis of the transaction and impose the
necessary safeguards to protect other wireless carriers from the exclusionary conduct that
may arise from this transaction. The Commission should not rely on the assurances of
Verizon and the cable companies that they will not use the commercial agreements and
Joint Venture to control video programming content anticompetitively. This is in line
with the Commission’s position in the Comcast-NBCU transaction, where the
Commission pointed to the fact that Comcast already had chosen “to withhold content
from its rivals, thereby contradicting its contentions that, for whatever theoretical reason,

it would not do so in the future.”’

37. In addition to [***BEGIN HIGHLY CONFIDENTIAL**+] [ N
I +END HIGHLY

CONFIDENTIAL***], the JMAs may allow Verizon to raise rivals’ costs for other
important inputs to wireless broadband service, Potential concerns include these areas:
o Backhaul: [***BEGIN HIGHLY CONFIDENTIAL*++] | GG

I (<**END HIGHLY CONFIDENTIAL***]; T-Mobile purchases

backhaul services from TWC and Comcast.

ST Comcast-NBCU Order, p. 29, 71.

* [++*BEGIN HIGHLY CONFIDENTIAL***| [, (+++END

HIGHLY CONFIDENTTAL ***]
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e Rights of way: [***BEGIN HIGHLY CONFIDENTIAL***) || | |}

B 5D HIGHLY CONFIDENTIAL***] to use its pole

attachment agreements to place pico cells.

C. The JMAs May Diminish Verizon Communications as a
Competitor to the Cable Companies

58. [**+*BEGIN HIGHLY CONFIDENTIAL++~) I
I -+ END HIGHLY

CONFIDENTIAL***]

39. Under the JMAs, [***BEGIN HIGHLY CONFIDENTIAL***] | NG

Y | ***END

HIGHLY CONFIDENTIAL***].* 1t is difficult to imagine that this provision does not

have the effect of [***BEGIN HIGHLY CONFIDENTIAL***] | NG

g |

59 [#*+*BEGIN HIGHLY CONFIDENTIAL***)

[***END HIGHLY CONFIDENTIAL***),
(***BEGIN HIGHLY CONFIDENTIAL**+) ||} . (***END HIGHLY CONFIDENTIAL***]
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I, *END HIGHLY
CONFIDENTIAL***].(’] The agreements, then, imply that [***BEGIN HIGHLY
conrIDENTIAL***] I
]

I - *END HIGHLY CONFIDENTIAL***)

40. The agreements do allow [***BEGIN HIGHLY CONFIDENTIAL***] [ EGIN

[***END HIGHLY CONFIDENTIAL***].5% Thus, if [***BEGIN HIGHLY
coNrIDENTIAL***)
I |+ +*END HIGHLY CONFIDENTIAL***]

6! See [***BEGIN HIGHLY CONFIDENTIAL***

[***END HIGHLY
CONFIDENTIAL***]
62 [+-+*BEGIN HIGHLY CONFIDENTIAL***]

[***END HIGHLY CONFIDENTIAL***]
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I declare under penalty of perjury that the foregoing is true and correct. Executed this

26th day of March, 2012.

Judith Chevalier
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Before the
FEDERAL COMMUNICATIONS COMMISSION
Washington, D.C. 20554

In the Matter of

Application of Cellco Partnership d/b/a
Verizon Wireless and SpectrumCo LLC
For Consent To Assign Licenses WT Docket No. 12-4
Application of Cellco Partnership d/b/a
Verizon Wireless and Cox TMI Wireless, LLC
For Consent To Assign Licenses

SUPPLEMENTAL DECLARATION OF
PETER CRAMTON

I, Peter Cramton, hereby declare the following:
Qualifications

1. [ am Professor of Economics at the University of Maryland and Chairman of
Market Design Inc. My specialty is the design of complex auction markets. Since 1993, I have
contributed extensively to the development of spectrum auctions. I have advised ten
governments on spectrum auctions, including the United States. I am currently advising the
United Kingdom, Canada, and Australia on 4G auctions. 1 have advised 36 bidders in major
spectrum auctions around the world. I have written dozens of widely-cited practical papers on
spectrum auctions. This research is available at www.cramton.umd.edw/papers/spectrum.,
The spectrum screen must be improved to better measure competitive impact.

2. I have been asked by T-Mobile USA, Inc. (“T-Mobile”) to provide further
comment on the FCC’s spectrum screén as it should be applied to Verizon Wireless’ proposed

acquisition of spectrum from SpectrumCo and Cox. In particular, I comment on the Declaration
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of Professor Katz (“Katz Declaration™), which contends that a change in the screen is not needed.
I also address some related issues raised by other commenters.

3. Previously I argued that the current screen is ineffective in measuring the
competitive effects of spectrum acquisitions, because the screen unrealistically treats all the
mobile broadband spectrum as equal. In the real world, the spectrum bands differ in a variety of
ways, the most important being propagation characteristics, but also in other factors such as
equipment availability. These differences mean that the capability to deliver mobile broadband
depends not on the raw number of MHz held by a carrier, but on the carrier’s specific portfolio
of types and amounts of spectrum held.

4. The basic motivation for the screen has been the FCC’s recognition that spectrum
1s an essential input in providing mobile communications. Excessive concentration in spectrum
holdings would limit competition. As a result, prices would be higher, service would be poorer,
and we would see less innovation. The screen is intended not as a final analysis, but one of the
tools the Commission has used to examine the effects of spectrum acquisitions. For example, it
has been used to identify for further scrutiny transactions that are apt to lead to excessive
concentration that will reduce competition. Once identified, these transactions are subjected to
further analysis to determine whether they are in the public interest.

5. To be effective, the screen must do two things. It must provide a reasonable rule-
of-thumb measure of the competitive effects of spectrum acquisitions and it must identify those
transactions that are apt to reduce competition and likely are not in the public interest. It is
understood that the screen is not perfect. This is why it is a screen, not a cap. Triggering the
screen simply is one (but should not be the only) indication that further scrutiny is needed to

confirm whether the transaction is in the public interest. But by the same token, if the screen i8
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poorly designed or used as a single test it would let pass without further scrutiny transactions that
in fact will harm the public interest.

6. A screen that does a better job of measuring the capability of different spectrum
bands to deliver mobile broadband will obviously do a better job of measuring competitive
impact. A value-based screen, rather than the current raw-MHz screen, would do a better job of
measuring the capability to deliver mobile broadband, by taking into proper account the
substantial differences among the bands—which does not occur under the screen as currently
designed. In particular, the value-based screen accounts for the superior capability of low-band
spectrum (spectrum below 1 GHz) to that of high-band spectrum (above 1 GHz), a superiority
that the FCC and countless other industry authorities and participants have recognized.

The logic of the current MHz screen rests on faulty assumptions.

7. Professor Katz attempts to defend the cwrrent screen by presenting an example
where a MHz screen would in fact be appropnate (Katz Declaration, § 69). But the real world
does not conform to his example. The example assumes that any MHz of spectrum is perfectly
substitutable for any other and that wireless service is 2 homogeneous good. In such a world the
MHz of spectrum would indeed be the correct measure of competitive impact, because the
capability to provide wireless service would in fact exactly correspond to the MHz of spectrum
held (and the relative allocation of cost among the different inputs—spectrum and equipment—
producing these equivalent outputs would be immaterial). However, Professor Katz’s
hypothetical world bears little relationship to the real world, and ignores both the economic and
engineering realities of providing wireless service.

8. First, the different bands are not perfectly substitutable. Low-band spectrum has
great advantages for providing coverage, both depth (inside buildings) and breadth (in less

populated areas), while build-out in high-band spectrum is more cost intensive. One cannot
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replicate the coverage of low-band spectrum (especially in-building) with high-band spectrum
simply by increasing network spend—which is the unspoken assumption behind Professor Katz’
example. This fact alone renders Professor Katz’s example irrelevant.

9. Second, wireless service is not a homogeneous good; rather it is a complex
differentiated product. Consumers place a high value on coverage, speed, reliability, value added
services and access to the latest handsets. The ability of a carrier to deliver each of these
attributes depends on the carrier’s spectrum holdings. For example, the ability to provide good
coverage is greatly enhanced with low-band spectrum. This fact too would be enough by itself to
render Professor Katz’s example irrelevant.

10.  To be sure, it is not easy to assess relative competitive impact. Imperfect
substitution across bands together with non-homogenous wireless services makes assessing
competitive impact difficult. Professor Katz suggests that we should therefore simply throw up
our hands and not even make the attempt. But he ignores the fact that the current screen already
makes a competitive assessment that all spectrum has an equal competitive impact. Yet if there is
one thing we know for sure, it is that the assessment built into the current screen is wrong
because all spectrum is not created equal for purposes of providing wireless broadband. Even if it
is difficult to precisely quantify the relative value of spectrum, perpetuating the current screen
would precisely quantify the relative values of all spectrum as 1 for 1—and this we know to be
grossly incorrect.

11.  As discussed in my initial Declaration, one glaring respect in which the current
raw-MHz screen is a poor proxy for competitive impact is that it would provide safe-harbor for
one carmrier to acquire all the spectrum below 1 GHz. Such an allocation would severely
undermine competition, since it would give one carrier an overwhelming advantage in providing

coverage, a key source of value for consumers.
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12.  In contrast, a value-based screen of the type [ propose, by putting greater weight
on the low-band spectrum, would correctly trigger the screen to prevent one carmrer from
attempting to acquire a disproportionate amount of low-band spectrum. Moreover, excessive
ownership of low-band spectrum would be further discouraged under a value-based screen
because it would limit the carrier’s ability to acquire high-band spectrum.

A value screen reflecting input scarcity better measures competitive impact.

13.  The goal of the screen is to provide the most accurate possible measure of the
competitive impact of altemnative spectrum holdings. Clearly the existing MHz screen falls way
short of that goal as the example above illustrates. Ignoring major differences across bands leads
to a poor measure of competitive impact.

14.  The value-based screen appropriately corrects this shortcoming by weighting the
bands by market price. The relative price reflects the differential contribution of the different
bands in providing the various components of wireless service. Excessive concentration of the
scarcest inputs (the low-band spectrum) in the hands of a single provider creates a larger
competitive concern than accumulation of the less scarce (high-band) spectrum.

15. Weighting the bands by price is equivalent to weighting them by scarcity, since
the market price is how economists measure scarcity (a worthless input available in small
quantity is not scarce). The relative prices in effect reflect the relative contributions of each band
to wireless service. The higher price of the low-band spectrum reflects the fact that consumers
value coverage and that the low-band spectrum contributes more to this valuable component of
output. In contrast, high-band spectrum contributes less to output and therefore the market price
of high-band spectrum is less. In other words, in weighting the spectrum by scarcity, the value-

based screen reflects the fact that the input prices reflect the input’s contribution to outputs
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valued by consumers.! Excessive concentration of scarce inputs means less competition in the
output market for wireless services.

16. My argument does not confuse harm to competition with harm to competitors, as
asserted in the Katz Declaration (§ 66). Spectrum is an essential input for wireless service
licensed by the FCC to wireless carriers. Different spectrum bands coniribute to wireless service
in different ways and propagation characteristics are a primary (though not the only) factor in
determining the relative prices of the spectrum bands. Excessive concentration of these scarce
inputs harms competition—not merely competitors—in the output market (wireless service).
This fundamental result is the very motivation for the screen and plainly states the competitive
concermns that underlie my proposed spectrum weighting approach: greater concentration of
scarcer inpufs raises greater concerns about competition.

A value-based screen is easy to construct.

17. To implement a value-based screen the FCC must of course make a reasoned
judgment about the relative values of the various bands. Professor Katz suggests (Katz
Declaration, § 67) that such a judgment is problematic because there are many factors that
influence price and that within-band price variation illustrates this difficulty. He gives the
auction prices from Auction 73 (700 MHz band) as an example. However, much of the within

band price variation in that auction was due to the auction structure and the limited substitution

"I note that Dennis Roberson, in his Declaration being submitted along with this one by T-
Mobile, arrives at slightly different weighting factors than mine in measuring spectral efficiency
of existing uses. This is because his analysis focuses specifically on propagation characteristics
that affect the spectrum use measures he is analyzing, while by using price, mine includes all
factors that go into making the spectrum more or less scarce from an economic point of view
(which obviously include, but are not limited to, propagation characteristics) and is therefore a
better measure of the economic effect on competition of this transaction. However, as can be
seen, the relative numeric weights assigned by his method and mine are generally comparable.

6
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allowed by the auction design between the C block and the A and B blocks.? Thus, Auction 73
fails to prove Professor Katz’s point. The variance in price in Auction 73 reflects the inability of
that particular auction to successfully match value with price, as well as some peculiar features
of the 700 MHz band plan.

18.  In fact, the relative value differences across bands are well-understood by market
participants and industry experts and are reported in investment banking studies that analyze the
competitive advantages to the holders of the different bands.® The differences are supported by
recent competitive auctions and arms-length secondary market transactions.”

19. 1t is unavoidable that the FCC must make a reasoned judgment in selecting
weights for the screen. But equal weights, as reflected in the current screen are patently
unreasonable. The absurdity of equal weights (the status quo) is seen when one performs the
following thought experiment. Which is apt to have the greater competitive impact: an increase

to spectrum supply of 2x20 MHz of 700 MHz spectrum or an increase of 2x20 MHz of 2.5 GHz

2 The problem of limited substitution in the 700 MHz auction is analyzed in Peter Cramton,
“Spectrum Auction Design,” Working Paper, University of Maryland, 2009. The substitution
problem arose because the C block was offered in large regions (six in the continental US),
whereas the other bands were offered in much smaller regions. Further, AT&T and Verizon
Wireless were the only two national carriers to participate in the auction and as a result of pre-
auction transactions it made sense for AT&T to focus on the B block and Verizon Wireless to
focus on the C block. Since the C block regions were too large for the regional players, Verizon
Wireless faced less competition on the C block and the price was Jower. Moreover, the C-block
was subject to certain “open access” conditions, which did not apply to other 700 MHz spectrum,
and may have further reduced demand for that block.

? For example, J.P. Morgan, “Spectrum Valuation Overview — Carrier by Carrier Base-Case
Spectrum Value Across Wireless Industry,” Telecom Services and Towers, North American
Equity Research, 30 November 2011.

* For example, the recent multi-band auctions in Germany and Italy are highly relevant, as are
the two most recent major U.S. spectrum auctions (AWS-1 in 2006 and 700 MHz in 2008).
Additional market information can be gleaned from secondary market transactions, although care
must be taken in evaluating these transactions, since they often are limited to particular regions
and it is well-known that spectrum prices vary widely across regions. For some recent
transactions see Deutsche Bank, “Key Updates on Major Spectrum Deals,” US Telecom
Services, Market Research, 5 February 2012.
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spectrum? Anyone with knowledge of the industry would immediately say that the additional
700 MHz spectrum would have a far larger impact in increasing industry competition. This is
obvious (and correct).

20.  Yet the logic of the unweighted MHz screen wrongly concludes that the
competitive impact is independent of the band. In contrast, the value-based screen draws the
right conclusion by recognizing that some bands are better able to address the challenges of
wireless service. These bands are especially scarce. Their scarcity (as reflected in their market
price) limits competition. A proper screen must take input scarcity into account, since it is input
scarcity that limits competition.

21. In my initial Declaration, I constructed a particular value-based screen to illustrate
how it would work. I showed the results for the top-25 markets (Cellular Market Areas). I found
that Verizon Wireless, after the transactions with SpectrumCo and Cox, violates the one-third
screen in 12 of the top-25 markets. To show that the problem is not limited to the top-25 markets,
I extend the analysis to the top-50 and top-100 markets. Figure 1 shows the results of the one-
third value-based screen for Verizon Wireless before and after the transactions with SpectrumCo
and Cox for the top-50 markets; Figure 2 shows the screen for the second-50 markets. From this
we can see that the problem extends to the smaller markets. After the transactions with
SpectrumCo and Cox, Verizon Wireless violates the one-third screen not only in 12 of the top-25
markets, but also in 24 of the top-S0 markets, and in 46 of the top-100 markets. Thus, the
frequency of violation is similar irrespective of market size. However, violations are especially

common in the largest markets: Verizon Wireless violates the screen in 8 of the top-10 markets.
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Figure 1. Screen applied to Verizon Wireless holdings before and after transactions with SpectrumCo and Cox in the

top-50 markets,

Note: Verizon Wireless post-transaction holdings pro forma SpectrumCo, Cox, and Leap transactions.
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Figure 2. Screen applied to Verizon Wireless holdings before and after iransactions with SpectrumCo and Cox in the

second-50 markets.

Note: Verizon Wireless post-transaction holdings pro forma SpectrumCo, Cox, and Leap transactions.
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Conclusion

22.  The arguments given by the Applicants and their experts for maintaining the
current screen are weak. Professor Katz attempts to justify the existing MHz screen by assuming
that spectrum across bands is perfectly substitutable and that wireless service is a homogeneous
good. These agsumptions are false and so is the conclusion. Rather the competitive impact of a
spectrum transaction depends on the scarcity of the spectrum input. As in all markets scarcity is
best measured by price. This is the motivation for the value-based screen, which weights the
spectrum holdings across bands by relative price.

23. Weighting the spectrum according to relative values, as is done in other
industries, greatly improves the screen’s effectiveness as a diagnostic tool to prevent an

excessive concentration of spectrum and therefore safeguard the public interest.

[signature on next page]
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I declare under penalty of perjury that the foregoing is true and correct.

Executed this 26th day of March, 2012.
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