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and that 20 of those miles traverse a panicular microgrid. Since (20 mil~s I 60 miles) =
.333, 113 ofthe household and business line data is associated with that. particular

microgrid. At the end of phase one of the grid process, the total censu-'l housing unit and

PNR business line data associated with a wire center have been apportioned to each ofthe

.micro~rids comprisinK that serving wire center.

B. Retlg~r.atiDl Mierogrlds into Grids

'fhe second phase of the grid process entails aggregating th~se microgrids into

lW'"ger grids as appr()priate. The ultimate size of the larger grids depends upon housing

and business line data and technological constraints on the reQ.llj(mable size ofCSAs. In

general. thc largest ultimate grid size: is 1/2Slb of u degree latitude f.1J1U longitude in size or

approxImately, 12,000 to 14,000 n~et per side. II Hereatlcr, grids 1/2S1h of a degree lati tude

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

copper distributiull length from the Dle to the customer to 12,000 feet, in mmn cases.

Ol,.:~asiona11y, how~ver, due to placem~nt oithe DLe or re-aggregation oftbe isolated

grids (discussed later), the length of a cable from the DLC to the customer may exceed

12,000 teet. III these cases cable gauie is adjusted from 26 to 24 gauge to ucl.'omn,odate

distribution cable lengths up to 18,000 feel.

The ultimate grid size utilized essentially retlects the manner ill which customers

ure clustered, Modelillj grids that vary in size i~ tantamount to allowing clusters of

customers associated with a particUlar CSA to vary in density and dl~persi()n.

The alyorithm lor determinini the ultimate grids is actually a multistage process

huilt to satisfy engineering constraints, minimize processing time, and simplify COlTIput~r

code. The foll(lwing provides the essence ol'the grid algorithm. The derivation of grids is

cssentiall;" un iterative process where partitioning occu~ if th~ number of lines withh, a

8 l1llimate Slrid!\ may exceed this size if i,olllWd grids are combined with grids 12.000 feet hy 14,000 feet
pcr side to gf.!nerl!t~ an ultimate IIrid. (Thil> is discussed later)
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grid is too large. or if other technolobJical constraints become binding. The macrol,1Tid is

partitioned into smaller grids, if warranted, based on hOLLsehold and bushtess line data

associated with the underlying microgrids, and CSA guidelines. The iterative process

partitions the macrogrid into fOUf equally sized subgrids. In some instances. these

subgrids, which are 1/50111 of a degree latitude and longitude in si~. become the ultimate

size for lhat composite of microgrids. In other instances., the number of tines within a

subgrid is still too large. In those instances, additional Sl.lb-parlitioning occurs for the

subgrids. Additional sub-partitioning continues 10 occur until all grids satisfy line size

and technlllugicaJ constraints. The smallest grid ullowcd is the 11200111 of a de"rec

lotiludo and longitude. the microgrid. The resulting ultimate grids hav~ a composite

hou!>ehold and business line count equal to the sum ofthe household and husiness lines

for the associated underlying microgrids.

IV. Design I)t"tribotion Plant Within F..~h Grid

A. F..ngineerinl Standards

Ttlc engineering protocols most central to the design of BePM 3.1 include an

avernye maximum loop length for each CSA that is le!is than 12,000 feel. To ensure

attainnum1 of this standard, the maximum ultimntc grid size is typically constrained l~)

1115t~ or a degree latitude and longitude (approximately 12,000 feet by 14,000 feel).

(Section 5.3.3 provides an in-depth discussion orBCPM 3.1'8 irid design.) The d~sign

ofthc ultimate grids ensures thallhe maximum copper loop length front the DLe site lo

lhe customer for any individual customer should not excecd 18,000 1~1. A copper loop

greater than 18,000 Jeet fnust be loaded or electronically extended at a substanhal cost.

The FCC clearJy stated in iL"i May 8, 1997 Order on Universal Service that no loaJfd

loops are permitted.1I

" FCC f(eport and Order, "In the Malter of Federal.State Joint Uoal'd on IJni'Ycr~al Service," CC
Docket No. 96·45, Released May 8, 1997, Pal'llirapb 250, criterJon 1 ofthl: FCC's 10 criteria.
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These constraints also ensure con1pliance with standard AT&T/Lucent and US

pmcticcs covering loop resistance and electrical (dB) loss.

U. E",tahlisblna Distribution Quadrants Within Each Grid

Once the ultimate grids have been established, each ultimate grid,IO with the

exception of the ultimate grids that remain microgrids in si:Le, is divided into four

potenlial D1\S.11 The ultimate grid is quaded into four distribution quadrants at the Toad

centroid of the ultimate grid which corre~ponds to the DLe site. Once the distribution

quadrant is formed. data on the road network is used to size the uppropriate DA within

~lich non-empty distribution quadrant. For modeling purposes, the DA is a square

centered about the road c-:nlroid of the distribution quadrant whose an:a is equal to the

area Cllcnmpasscd by a 500 fout butler along each side of the roads within th~ distribution

quadrant. 12 No OA is placed within a distribution quadrant that does not have any roads,

Le. a non-populated distribution quadrant. Since this road-reduced area varies in siu and

location among distribution quadran(s within an ultimale grid, this design is refelTed to as

the "Floating Distribution Area". Within each orthe~ floating DA~ all of the

distrihution quadrant customer data, apportioned at the microgrid level for housini units

and business 1incs, is passed to the distribution algorithms for l;able design.

Such a.n approach provides a reasonable mod~l of the required

telecommunicat.ions nelwork facilities for two rea.<ions. First households and businesses

lypically reside neaT roadl> and ccntcrulg the distribution quadrant of the distribution area

aboul the centcr oftl1e TOads establishes network fucililit:s closer to where customers ure

10 SincC! data Is not defmecl below the microgrld levcl, the microgrid canm)! be scgmenlod haro
ljUadrwm.

J1 Ultimate arids which arc equivalent to a microarid ill size. are Ircalcd liS a sIngle distribution
quadrant, i.e. a !lingle DA. Thililypi~ally occur~ in denser, urban llrCliS.

12 In Cilses where all ultimate "rid remains the size oh micToirid. a 500 fuol buffer nlon& the roacl~

within t1lllicro~rid typically (:oITesp()n~ 10 lin £trea that is itcatcr than the acca "flhc rnicrogrid. In
such cases. the llrea of the DA ill nut reduced in siu. The Model cOllstrdins the area of the lJA so th:lt
it does not exceed the i!rl!1I (If 'he microarid.
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located than does th~ geographic center ofthe distribution quadrant Second, rights of

way for tcleconununications structure generally cxi3t ncar roadways. This approach

reduces requisite network facmtie!i~ given l.:lIstomers' actualloeation.

C. Distribution Area De!4ign

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

reviews the cable sizing used in the Grid, \llhen lhe distribution cable sizing exceeds

1,200 pairs, the Modd places an FDl at the road centroid within each populated

distribution quadrant Thus, the FDI is placed at the center of the DA.

If there are no roads, and therefore, no population located within a particular

distribution quadrant, no distribution plant is placed in that distribution quadrant. Feeder

cable. con!:listing ofhoriLonlal and vertical connecting cable, links the ULe to the FOr

within non-empty quadrants.

When the distrihution c3ble sizing docs not exceed 1,200 pairs, the Model alkJws

lor cost savings Jeorn placing fewer FDb. More precisely, for ultimate grids that are

served by distribution cables totaling less than 600 pairs, the algorithm essentially

computes the cost of placing a single fIJI ~ithin those ultimate grids. This is tantamount

to co-locating the FDI with the DLe

to'or ultimate grids containing line demand between 600 and 1,200 lines, Lhe

algorithm essentially computes the cost of placing two FDls v.ithin lh(l~ ultimate grids.

The final piece of distribution cable, the drop, ex.tend~ from the branch cable to

the middle of the customer's lot and is ~appcd at 500 teel. Lol siu within a distribution

quadrant is based on the distribution quadranfs average 101 size, delemlint:d by dhiding

the road reduced area of the distribution quadrant by the number of locations, i.c. hOllsing

unit structures and business locations, within that distribution quadrant. Thus, lot size

may vary across distribution quadrants within an ultimate grid.
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As a reasonableness check on cable requirements! the Model constrains the total

l~n~lh of cables (including the backbone, branch, vertical and horizontal cOMccting

cables) within a distribution quadrant to not exceed the ien¥th of the road ~lwork in that

diMribulion quadrant.

E. Distribution Cable Requirements

The Model assume!> two pairs tor a resident unit and six pairs for u business unit

These assumptions are in compliance with the "interfaced cable sizing guidelines"

cuntained in the AT&T/Lucent Pract'jc~s_\3 The number ofcable pairs per resident and

husiness unit is a user adjustable input.

1~ i\~ !'Iugg~ted in the I"ractice~, the BerM ~pomllrll have taken a liberal approach to the bU!line'\lI line
allocation, assuming ~ix rather ,han 3 linc~ per bUlIincss.

9


