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and that 20 of those miles traverse a particular micwgrid. Since (20 milt::s / 60 miles) :

.333, I'} of the household a.'ld bu~iness line data is associated with that particular

Jl1icmgrid. At the end 01' phase one of the grid process, the tuta! cen~u:s housing unit and

PNR bl.siness line data associated with a wire center have heen apportioned 10 ellch of the

.:nicrogrids comprising that serving wire center.

B. Rellg2regatlng Microgrids into Grids

The second phase ofthe grid process f:ntails aggregating th~s~ microgrids into

larger grids as appropriate. Tbe ultimate size of the larger grids d~pel~ds upon housing

and bllsiness line data and technological conf)tmints on the reasonable size ofCSAs. In

general, thc largest ultimate grid size is 1/25tll of u degree latitude emu longitude in sizt'. or

approximately, 1::',000 to 14,000 feet per side. ti Herenfkr, gnds 1/25\'0 ofa degree latitude

and longitude are referred to as macrogrids. The 11lucmgrid constrains the maximum

copper distribution tengtb from the DLe to the c.u.stomer it) 12,000 feet, in mn~l cases.

Ol.:..:asionally, hOW~V~I, due to placem~~nt of the DLe Of re-aggrcgation of the isolated

grids (discussed later). the length of a cahle from the DLC to the customer may exceed

12,000 teet. In these cases cable gauge is adjusted from 26 to 24 ~auge to uCl"nrnmodatc

distribution cable It:mg:hs up:o i8.000 feei.

The ultimate g7id size utilized essentially rctlccts the manner in which customers

are clustered Modeling grids that vary in sL~e is tantamount to ullowing dusters of

customers associated with a particular CSA h':> vary in density and dl~per ... jon.

The aigorithm lor determining the ulHr.1atc grids is actually a multistage proces~

buill to satisfy engineering constraints, minimize processing time, and simplify COp'lputer

code. The following provides the essen<.;e or the grid algorithm. The derivation of grids is

essentially an itemlivc process where partitioning occu~ if lh~ number of Iines within a

8 Uitimate grids ma}- exceed this size if i~olal.t:'d grids are C0mbined with grids 12.000 feet hy 14,000 feel
per side to geneT1311: an ultimate grid. (Thili is discus!1ed later)
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grid is too large, or if other technological constraints hecome binding. The macf<.'gl'id is

partitioned into smaller grids, if warranted, hascd on household and bu..-.;ilttss line datu

associuted with the underlying mictogrids, and CSA guiddines. The iterative process

partitions the macrogrid into four equally sized suhgrids. In some instances. these

subgrids, which are 1/S0th of a degree latitude and lottgitude in si<!c, become the ultimate

size for thaI composite of microgrids. In other instances, the number of lines within a

subgrid is still too large. In thOSd instances, additional sub-partitioning occurs for the

subgrids. Additional sub-partitioning continues :0 occur until all grids satisfy line size

and technolugical constraints. The smallest grid ullowed is the 1/2001h ofa degree

latitude and lon~itudc-, the rnk:rogrid. The resulting ultimate grids have ,t (~omposjte

household and business line count equal to the slim of the hO!.lschold and husiness lines

for the associated underlying microgrids.

I V. Design Oistribution Plant Within Rsrb Grid

A. F.ngineering Standatds

Tnc engineering protocol:> most central to the design of BCP\1 3.1 include an

average maximum loop length for eat.:h CSA that is le~o:; than 12,000 fueL To ensure

attainment of this standard, the maximum ultimate grid size is typically constrained t,)

1/151~ ora degree latitud4,) and longitude (approximately 12,000 feet by 14,000 feet).

(Section 5,3.3 provides an in-depthdiscusskm oCBCPM 3.1'8 grid design.) The desigl\

of the ultimate grids ensures that the maximum copper loop length from the DLe site (0

the customer for any individual Cll.'iltomcr should not exceed 18,000 l~eL A copper loop

greater than 18,000 feet must be IO<Jded or clectronical1y eXI.cndcd at a suhst,mjial cost.

The FCC clearly stated in its May 8, 1997 Order on Universal Service that no loaded

loops are pcrmitLed lJ

\I FCC R~port and Order, "In the MaLler (If Federa]·SUik Joint Uoard on Universal Sendee," CC
Docket No, 96·45, Released May fl, 1997, Paragraph 250, criterion' ofthc FeCs to criteri::!.
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These: constraints also ensure compliance with standard AT&T/Luccnt and Trs
practiecs covering loop resistance and electrical (dB) loss.

H. E~tahlishin2 Distribution Quadrants Within Each Grid

Once the ultimate grids have been established, ca::h ultimate grid, to with the

exception of the ultimate grids thut remain microgrids in sl:t:e, is divided into fOUT

polenlial DAs.ll The ultimate grid is quad~d into four distribution quadrants at the mad

centroid of the ultimate grid which corre:spnnds to th(' DLe site. Once the distribution

quadrant is formed, data on the road network is used to size the appropriate DA within

each non-empty distrihulion quadrant. For modeling purposes, the D1\ is a square

cent~red about the road c~nLroid of the distribution quadrant whose ar~a is ~~qual to the

area encompassed by a 500 f(JOt buffer along each "ide of the roads within tht: distribution

quadrant 12 No DA is placed wlthin u dis~ribution quadrant that does not have any roads,

i.e, a non-populated distribution quadrant. Since this road-reduced area varies in size and

location alt10ng distribution qWjdrams within an ulLimdie grid, this design i~: rel'etieJ 1.0 as

the "Floating Distribution Area';. Within each or these t1aating VAs, all ofthtl

distrihution quadrant customer data, apportioned at the rllkrogrid level for housing units

and husin~ss lines. is passed to the distribution algorithms for (;able design.

Such an approach provides a reas<mahle model of :11e required

telewmmunicatl(1J1s neh-vork facilities for two rea':1,ms First. households and businesses

lypically reside near roads and centering the distribulioll quadrnm of the distribution area

ahout the center of the roads establishes network fucilities closer to where customer:; un:

,\l SinCe data is not defined below (he rnkrogrid level, the microgr'ld canm!! be segmented ittCo
quadraJ~ts.

I t Ultimate grlds. which arc cqui\'slcnt to a microgr:d in size, are treated as a single Jistributirm
quadraf1t, i,.;. a lOingle DA. This typically occurs In denser, urban an..~as

12 In ~lIses where all ultimate grid rCITlliin5 the size ofa mkrogrid, a 500 foot buffer l'llon~ the rOilch
within l:l microgrid lypicall) (,o,Te,ponm to HIl flrea that is gre,lt~r thaorhe area orlhe microgrid. In
such cases. the area of the 0;\ is nul reduced in size. The MGdt!l COI1l.lrdifli> tho.: area ofrh¢ UA so tln,
il does not exceed the an~a l,r ,he mkrogrid.
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located thall does th~ geographic \~cntcr ofthe distribution quadrant. Second, nght!i (if

way for telecommunications !itruclur~ generally exist ncar roadways. This approac;h

reduces requisite network facilities~ given l.:ustomers' actuallocatlon.

C. Distribution An'll Dfsign

In determining the number of FDIs to install in an ultimate grid, the Model

n:vlews the cable sizing used in the Grid, \\rhen the d.istribution cable sizing exceeds

1,200 pairs, the Modd places an FDI at the road centroid within each populatta.d

distribution quadn.\.T!t Thm, the FDI 1;; placed at the (enter of the DA.

If there are no fl!ads, and therefore, no population located wjthin a particular

distribution quadranL no distrihuti.on plant is placed in that distribution quadrant. Feeder

cable. con~istingorhori:lOnlal and vertical connecting cable, links the OLe to the FDI

within non-empty quadrants.

Wnen lhe di~b.ihutionc3ble '~izing docs not exceed 1.200 pairs, the Model allows

I(n cost savings tram placing f(~wcr FDls. Mere precisely, f()f ultimat(· grid~ that art:

served by dislribution cables totaling Jess than 600 pairs, the i.llgorithm essentially

computes the cost of placing a single l-Dllhithin mose ultimate grids, Chis is tantamount

to co-locating the FDI with the DLe

For ultimate grids containing line demand between 600 and 1,200 Jines, the

algorithm essentially computes the cost of placing two FDIs .... ithin those ullimate grids.

The fInal piece ofdistribution cable, the drop, extel1d!> from the branch cable to

the middle of the customer's lot and is. ~apped at 500 feet. LoL si'L~ \v:thin a distribution

quadrant is based on the disuibuti0n quadrant's average 101 size, deteml)n~d by dividing

the road reduced area of the distribution quadrant by the number of locati,Jns, i.('. housing

unit structures and business locations, \vithin that distribution quadrant, Thus, lot size

may vary across distribution quadrants within an ultimate grid.
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As:) reasonableness check on callie requjr~ments. Ib: Model cons.trains the total

l~nglh of cables (inducting the hackbone, branch" verti~ai and horizontal connecting

cables) \'vithl!"' <i distribution quadrant jo !lot exceed the length ofthe road network in that

(.li~,lribuli(H' quadrant..

E. D'!itribution Cable Requirements

The Model assumes twu p"irs tor a residftlt unit and six pairs for u business unit.

These assumptions are in 'ompliance \vith the "intafaccd cable sizing guidelines '"

contained in the AT&T!Lucent Practkes '1 The number ofcable pairs pel.' resident and

ousiness unit is a user adjustable input

----_.._-,..•_----
13 i\~ ~ugge"ted in the practic~." the BerM spomnrs have taken a liberal approach to the bU!lir!e~s line

allocation. assul11 ing ,ix father ,han .s lines per bu~;incs~.
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