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2017 Urban Rate Survey – Fixed Broadband Service Analysis
Introduction
Every year, the Wireline Competition Bureau (Bureau) conducts a survey of residential standalone Internet access service rates “to help ensure that universal service support recipients offering fixed voice and broadband services do so at reasonably comparable rates to those in urban areas.” [footnoteRef:1] This document shows how the fixed broadband reasonable comparability benchmark was calculated for 2017.  [1:  Connect America Fund, WC Docket No. 10-90, Order, 28 FCC Rcd 4242 (WCB/WTB 2013).] 

The Bureau adopted the general methodology for surveying terrestrial fixed broadband providers in 2013.  The 2017 Urban Rate Survey for fixed broadband services had one significant change from the 2016 survey. The survey sample stratification in 2017 was modified to reflect better the current mix of firms offering service in urban areas to improve the precision of the survey. Terrestrial fixed wireless providers were stratified in 2017 for the first time because these providers exhibit high price variations, and they offer their services to potential customers with geographic limitations. Adding this technology as a separate stratum allows us to better calculate the sample size required for this stratum in order to make more precise price estimates. We then applied a multidimensional weighted linear regression technique to estimate rates for combinations of download speeds, upload speeds, and monthly capacity allowances.  
Sample Design and Selection 
The sampling unit for the 2017 fixed broadband survey was a (service provider, census tract) pair. The frame[footnoteRef:2] for the survey was the set of sampling units of providers offering terrestrial fixed broadband service to residential customers in urban census tracts. The frame consisted of 200,931 sampling units, encompassing 1,212 service providers and 58,063 census tracts.  The likelihood of a (service provider, census tract) pair receiving a survey is based on the calculated number of offers the providers could make in each census tract. [2:  A frame is an inventory that lists all sampling units from which we select our samples.] 

For each sampling unit other than the Terrestrial Fixed Wireless providers, the number of offers[footnoteRef:3] is calculated as: [3:  The number of “offers” is the estimated number of potential customers to whom the providers advertise their service.] 

Offers = Provider Presence Ratio x (Number of households in the sampling unit’s census tract)
Provider Presence Ratio was calculated as the fraction of housing units in the census tract for which the provider offered fixed broadband service. 
We calculated the number of offers differently for the Terrestrial Fixed Wireless providers because the number of potential customers for the Terrestrial Fixed Wireless providers is limited by geographic constraints (line of sight).  Many Terrestrial Fixed Wireless providers serve suburban areas that are of moderate population density. The number of housing units in these areas is likely higher than they have capacity to serve.  Accordingly, for each sampling unit of the Terrestrial Fixed Wireless providers, the number of offers is calculated as: [footnoteRef:4] [4:  The number of offers for the Terrestrial Fixed Wireless providers is calculated as 2 x number of residential subscribers, assuming that they could no more than double their number of existing residential customers within a few months. The estimated offer of a given provider could not be greater than the total number of occupied housing units in the service area. The number of residential subscribers are the providers’ reported number of residential subscribers in Form 477.] 

Offers = 2 x (Number of residential subscribers in the sampling unit’s census tract).  
The number of offers was not allowed to exceed the number of households in the sampling unit’s census tract.
As in previous years, the frame was divided into strata to take into account our knowledge of differing price variability in each stratum.  There are 15 strata, including 12 provider-specific strata, one terrestrial fixed wireless strata, and two others that are based on the provider’s size.[footnoteRef:5]  [5:  The frame was divided into 24 strata in 2016 Urban Rate Survey.] 

The following are the 12 provider-specific strata, which contain sampling units from the service providers indicated in parentheses:
· AT&T (AT&T Services, Inc.)
· Comcast (Comcast Cable Communications, Inc.)
· Verizon (Verizon New York Inc., Verizon Pennsylvania LLC, Verizon New Jersey Inc., Verizon California Inc., Verizon New England Inc., Verizon Virginia LLC, Verizon Maryland LLC, Verizon Florida LLC, Verizon Delaware LLC, GTE Southwest Incorporated dba Verizon Southwest, Verizon Washington, DC Inc.)[footnoteRef:6] [6:  Based on the 2016 Urban Rate Survey results, 11 Verizon strata were collapsed into one stratum. ] 

· Time Warner (Time Warner Cable Inc.)
· CenturyLink (CenturyLink, Inc., CenturyLink Communications, LLC)
· Cox (Cox Communications)
· Charter (Charter Communications, Inc.)
· Frontier (Frontier Communications Corporation)
· CSC Holdings (CSC Holdings LLC)
· Bright House (Bright House Networks, LLC)
· Windstream (service providers identifying Windstream as their holding company)
· WideOpenWest (Knology and WideOpenWest)
The Terrestrial Fixed Wireless providers exhibit high price variability so they are put into their own stratum.  The remaining sampling units were divided into the Major and Minor strata based on the number of offers, the number of occupied housing units to which the provider offers service, and the Provider Presence Ratio.[footnoteRef:7]  [7:  The algorithm used to divide the sampling units into the Major and Minor strata is “Partitioning Around Medoids.” Partitioning Around Medoids is a type of cluster analysis to identify data clusters based on dissimilarities between clusters. Medoids are the medians for multi-dimensional data. See Kaufman, L. and Rousseeuw, P.J. 1990. Finding Groups in Data: An Introduction to Cluster Analysis. Wiley, New York; Park, H.S. and C.H. Jun. 2009. A simple and fast algorithm for K-medoids clustering. Expert Systems with Applications. 36(2):3336–3341.] 

The table below presents the sampling plan including the sample size for each stratum. Sampling units were selected randomly from each stratum, with unequal selection probability proportional to providers’ number of offers in a given tract.[footnoteRef:8] The sample sizes for each stratum are a reflection of the estimated number of offers in the stratum and the estimated variability of offered rates from the previous Urban Rate Survey. [8:  The selection probability of a Probability Proportional to Size (PPS) sampling is a function of measure of “size.” Measure of size is the number of offers from a provider in a given tract. The selection probability is higher for sampling units with higher offers.] 

	 
	Frame
	Sample

	Stratum
	Units
	Providers
	Census Tracts
	Offers
	Units
	Providers
	Census Tracts
	Offers

	Overall
	    145,766 
	        1,208 
	              58,055 
	    191,377,139 
	   427 
	            179 
	                    425 
	    531,565 

	AT&T Services, Inc.
	      27,228 
	                 1 
	              27,228 
	       40,742,482 
	     32 
	                 1 
	                      32 
	      47,081 

	Bright House Networks, LLC
	        2,101 
	                 1 
	                2,101 
	         3,191,696 
	        5 
	                 1 
	                         5 
	        7,068 

	CenturyLink
	        9,253 
	                 1 
	                9,253 
	       14,138,869 
	        5 
	                 1 
	                         5 
	        9,119 

	Charter
	        4,981 
	                 1 
	                4,981 
	         7,843,703 
	        5 
	                 1 
	                         5 
	        6,500 

	Comcast Cable Communications, LLC
	      25,342 
	                 1 
	              25,342 
	       38,678,269 
	     18 
	                 1 
	                      18 
	      24,956 

	Cox
	        5,260 
	                 1 
	                5,260 
	         7,556,719 
	        5 
	                 1 
	                         5 
	        5,370 

	CSC Holdings LLC
	        2,903 
	                 1 
	                2,903 
	         4,185,736 
	        5 
	                 1 
	                         5 
	        7,867 

	Frontier
	        3,089 
	                 1 
	                3,088 
	         4,446,951 
	        5 
	                 1 
	                         5 
	      10,955 

	Other – Major
	      10,478 
	            469 
	                8,942 
	       17,210,548 
	   204 
	              92 
	                    204 
	    342,974 

	Other – Minor
	        9,794 
	            671 
	                8,405 
	         2,662,847 
	     38 
	              32 
	                      38 
	      10,104 

	Terrestrial Fixed Wireless
	      10,840 
	            519 
	                8,210 
	             762,458 
	     65 
	              54 
	                      65 
	        4,086 

	Time Warner Cable Inc.
	      14,059 
	                 1 
	              14,059 
	       21,258,761 
	     25 
	                 1 
	                      25 
	      36,639 

	Verizon
	      16,449 
	              11 
	              16,449 
	       24,566,331 
	        5 
	                 4 
	                         5 
	        7,372 

	WideOpenWest
	        2,149 
	                 4 
	                2,148 
	         2,741,925 
	        5 
	                 2 
	                         5 
	        6,653 

	Windstream
	        1,840 
	              31 
	                1,753 
	         1,389,844 
	        5 
	                 5 
	                         5 
	        4,823 



Survey Response
The table below presents the number of responses, the number of different service providers, and the number of different census tracts requested, received, and received without rates in the 2017 Urban Rate Survey for fixed broadband service. The only non-response sampling units were in the Minor and the Terrestrial Fixed Wireless strata. 

	Survey Status
	Responses
	Service Providers
	Census Tracts

	Requested
	427
	179
	425

	Received
	397
	154
	395

	No Rates Provided
	24
	10
	24



The next table presents the number of responses, the number of different service providers, the number of different census tracts, and the number of rates for each technology among responses received with rates as of October 2016 for 2017 benchmark.
	Technology
	Responses
	Service Providers
	Census Tracts
	Rates

	Cable
	187
	55
	187
	886

	DSL
	117
	40
	117
	842

	FTTH
	58
	40
	58
	317

	Fixed Wireless
	58
	44
	58
	234



A total of 2,284 rates were provided at a variety of service levels as of November 2016 for 2017 benchmark. Several rates were excluded from the analysis for the reasons described in the Appendix, resulting in a total of 2,221 rates available for the analysis. The table below presents the number of responses, the number of different service providers, the number of different census tracts, and the number of rates for each technology among responses received with rates available for the analysis.
	Technology
	Responses
	Service Providers
	Census Tracts
	Rates

	Cable
	187
	55
	187
	865

	DSL
	117
	40
	117
	841

	FTTH
	55
	37
	55
	293

	Fixed Wireless
	58
	44
	58
	222

	All
	417
	176
	417
	2221



Monthly Rates and Rate Spreads 
Monthly rates were treated as unique for a combination of census tract, FCC Registration Number (FRN), service name, technology, download speed, upload speed, and capacity allowance. The following average monthly rate was used if the service provider offered multiple rates in the census tract for each unique combination:
· Minimum Rate = Minimum Monthly Charge + Minimum Other Mandatory Charge + Minimum Surcharge
· Maximum Rate = Maximum Monthly Charge + Maximum Other Mandatory Charge + Maximum Surcharge
· Average Rate = (Minimum Rate + Maximum Rate)/2
· Rate Spread = Maximum Rate - Minimum Rate
The following average monthly rate was used if the service provider did not offer multiple rates in the census tract:
· Average Rate = Minimum Monthly Charge + Minimum Other Mandatory Charge + Minimum Surcharge
· Rate Spread = 0

Weights
Weights are required to ensure the contributions of each response properly represent the offers that consumers possibly receive nationwide. Weights are also used to insure that a service provider‘s rates do not exert extra influence on the estimate only because it offers different services using multiple technologies instead of one. 
The 2017 survey weight construction differed from the 2016 survey to accommodate changes in the sample design and the sample selections. Each rate was assigned a weight: 
Weight = Sampling Weight x Nonresponse Weight x Same Rate Weight x Service Level Weight x Offers
Sampling Weight is the inverse of the selection probability for each sample unit. The selection probability is determined by the total number of units in each strata, the sample size in each strata, and the units’ number of offers described in the sample selection section earlier. Each sample is assigned a sampling weight to reflect its selection probability. 
Nonresponse Weight is assigned to each stratum in order to compensate for unit nonresponse in each stratum. It is the total number of offers sampled over the total number of offers in the sampled census tracts of a given provider who has provided rate responses in each stratum.
Same Rate Weight is assigned to the respondents who provided i) multiple service levels or ii) equal service levels via different technologies for the same rate in the same census tract.[footnoteRef:9] In such cases, the rate was assigned a Same Rate Weight equal to 1/R, where R is the number of rate responses provided by a service provider at the same rate in the census tract. [9:  Such a situation could arise when a provider uses different technologies to provide similar services to customers in different parts of a census tract.] 

Service Level Weight is assigned to the respondents who provided multiple rates for the same service level offered via different technologies and/or service names. Each rate was assigned a Service Level Weight equal to 1/L, where L is the number of responses with different rates provided by a service provider for the same service plan (same download speed, upload speed, and monthly capacity allowance) in the census tract.
Offers is the estimated number of potential customers who the providers advertise their service to.
The final weight is the product of Sampling Weight, Nonresponse Weight, Same Rate Weight, Service Level Weight, and the number of Offers.

Regression Analysis 
We applied a multidimensional weighted linear regression technique[footnoteRef:10] to all terrestrial fixed broadband services with download bandwidths between 2 and 50 Mbps, inclusive.[footnoteRef:11] This sub-sample of the data encompassed 1,495 rates from 387 responses encompassing 168 different providers in 387 different census tracts. The rates in this sub-sample ranged from $14.99 to $799.95 with a weighted standard deviation of $19.2656. The rates vary widely across technologies. The following table shows the rate range, the weighted rate mean, the weighted rate standard deviation and the weighted download speed mean for different technologies in this sub-sample. [10:  Ideally, we would calculate directly the weighted means and the weighted standard deviations of rates for all services.  However, our samples do not cover all possible combinations of services provided to consumers nationwide.  Therefore, we use a regression analysis to estimate rates for all possible services.]  [11:  The 2016 broadband regression analysis included data with download bandwidths between 2 and 40 Mbps.] 

	 
	min
	max
	Weighted rate mean
	Weighted rate standard deviation
	Weighted download speed mean

	Cable
	14.99
	129.95
	55.54
	19.28
	20.38

	DSL
	22.95
	149
	64.27
	17.85
	18.15

	Fixed wireless
	24.95
	799.95
	69.28
	36.62
	7.78

	FTTH
	15
	350
	73.89
	18.62
	26.43



We undertook a weighted linear regression fit based on the following model:[footnoteRef:12] [12:  The regression analysis for the 2017 Urban Rate Survey considers the rate variations among different terrestrial fixed broadband technologies in order better to reflect the current market.  Satellite services (surveyed in the “other technology” category) are not part of the benchmark calculation. However, we note that the regression coefficients do not differ statistically significantly between the models with and without rates from the satellite providers.] 

Average Monthly Rate ($) = b0 + bD D + bU U + bA A + bDSLIDSL + bFixIFix + bFTTHIFTTH
where D is log of download speed in Mbps, U is log of upload speed in Mbps, A is the inverse of usage allowance in GB, and IDSL, IFix, and IFTTH, are technology indicators (with a value 0 or 1).[footnoteRef:13]  [13:  For a cable service, IDSL = 0, IFix =0, and IFTTH = 0. For a DSL service, IDSL = 1, IFix =0, and IFTTH = 0. And for a fixed wireless service, IDSL = 0, IFix =1, and IFTTH = 0. For a FTTH service, IDSL = 0, IFix =0, and IFTTH = 1.] 

We estimated the coefficients as:
Average Monthly Rate ($) = 18.806 + 13.667 D + 0.464 U – 150.745 A + 10.841 IDSL + 24.850 IFix + 15.261 IFTTH
The weighted R Squared was 0.51, and each estimated coefficient was highly significant (< 0.001 significance), except for the coefficients of U and A.


Reasonable comparability benchmark
Under the methodology previously adopted by the Bureau, the reasonable comparability benchmark is the estimated average monthly rate plus twice the standard deviation of rates for terrestrial fixed broadband service plans with download speeds of 10 Mbps or greater, upload speeds of 1 Mbps or greater, and usage allowance of 100 GB or greater. The root weighted mean squared residual (RWMSR) [footnoteRef:14] is an estimate of the standard deviation of rates for service plans meeting the reasonable comparability benchmark criteria. To estimate the RWMSR of rates for service plans and to reflect the current market more accurately, for 2017 Urban Rate Survey, we calculated the RWMSR by download speed and technology.[footnoteRef:15]  [14:  RWMSR is the square root of the weighted average of the square of residuals (observed rate minus average rate as defined by the Average Monthly Rate equation) plus the square of the spreads divided by 12.]  [15:  RWMSR(D, IT) = 11.671 – 0.263 D + 1.041 IDSL – 0.611 IFix + 0.830 IFTTH, D = log of download speed in Mbps] 

The equation to calculate the reasonable comparability benchmark is the following:
18.806 + 13.667 D + 0.464 U – 150.745 A + 10.841 IDSL + 24.850 IFix + 15.261 IFTTH + 2 RWMSR
This equation can be re-written as:
42.148 + 13.142 D +0 .464 U – 150.745 A + 12.923 IDSL + 23.628 IFix + 16.921 IFTTH
Finally, the equation is further simplified by substituting the current market share of different technologies[footnoteRef:16] for the indicator variables to derive a general benchmark estimator:   [16:  As of December 2015, 61.0% of residential terrestrial fixed high speed subscribers used cable, 27.5% used DSL, 10.5% used fiber, and 1.0% used terrestrial fixed wireless. See details: https://www.fcc.gov/reports-research/reports/internet-access-services-reports/internet-access-services-reports.] 

47.715 + 13.142 D + 0 .464 U – 150.745 A
The table directly below provides examples of reasonable comparability benchmarks (rounded up to the nearest cent) for several service plan levels. The equations may also be used if a reasonable comparability benchmark is needed for lower download speeds (greater than or equal to 4 Mbps) and up to download speed 50 Mbps.
	
Download Speed (Mbps)
	Upload Speed (Mbps)
	Capacity Allowance (GB)
	2017

	4
	1
	100
	$64.43 

	4
	1
	Unlimited
	$65.94 

	10
	1
	100
	$76.47 

	10
	1
	150
	$76.98 

	10
	1
	250
	$77.38 

	10
	1
	Unlimited
	$77.98 

	25
	3
	250
	$89.93

	25
	3
	Unlimited
	$90.53

	25
	5
	250
	$90.17 

	25
	5
	Unlimited
	$90.77 


[bookmark: _GoBack]APPENDIX A
Rates Modified or Excluded for the Analysis
Respondents stated that sixty-four service plans were for business data users.  Providers offering these plans are Electric Power Board, Forsyth Cablenet, LLC, Fourway Computer Products, Inc., Gans Communications, L.P. d/b/a MetroCast Communications, Lakeway Publishers, Inc., d/b/a LogOn Computer Services, Morris Broadband L, NTS Communications, Inc., Phoenix Internet, Sound Internet Services, Inc., Tenino Telephone Company, Texhoma Wireless, L.L.C., WEHCO Video, Inc.
Lumos Networks Inc., Valor Telecommunications of Texas, LLC, TDS Telecommunications Corporation, Texas Windstream, Inc., Critical Hub Networks, Inc., Mid-Maine TelPlus LLC, and ViaSat, Inc. no longer offer services to all or some of their sampled census tracts.
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