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QWURGXFWLROQ

2)'0$ QHWZRUNV VXFK DV :L0$; DQG /7( DUH SI
LQGXVWU\ DV WKH PRVW VXLWDEOKWWUHH KQ
GHSOR\PHQW RI FHOOXODU QHWZRUNYV

'Q RUGHU WRWIRLGIOO RPRWH QHWERBENYV DUF
IOH[LEOH LQ WHUPV RI UDGLR UHVYBEWFH PLC
JUHTXHQFI| 5HXVH 6FKHPH

+RZHYHU PRVW Rl WKHVH WHFKORGXBNVPDEH Q
VFHODUZK®MWH WKH WUDIILF GHPDQGV DQG FK
UDSLGO\ FKDQJH
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'Q WKLV JZRUINDDPLF JUHTXHQFILY ODIMHNHIQWHG D
QHZ DSSURDFK WR WKH IUHTXHQF\L @ORWYHGQ AHRC

2)'0$ QHWZRUNYV

Y3 PD\GHFUHDVH WKH LQWHUWBOBODQE Q WDNJHHW
FDSDFLW\ RI WKH QHWZRUN E\ G\QDPGEROO\
IUHTXHQF\ SDUDPHWHUVY WR WKH VSHFLILF VFHC

‘)3 XVHV QRYHO DO JVRWIMWHKRWMKHIWWR DGIDRQ GKDQ C

DGDSWHG Y HAL\PLRODWRIG $IEHDEH [DIEKH H G |
$OJRUIWWRRFONH WKH RSWLPL]DWLRQ SUREOHP
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KHQ XVeRO$ GLIITHUHQW XVHUV DUH DOORFD
VXEVHWWRFDHDOGWWGE FKDOQDOORZLQRI WKH XV
PXOWLRXUHUIXHKQKIHUYV LW\
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2)'0%$ )UHTXHQF\ 5 HXVH 6FKHPHYV

0DQ)Y56VKDYH EHHQ SURSRVHG WR UHGXFH LQW
+RZHYHU WKH\ DUMNEDN. WG RAOGIFOMVRWH WKH\
QRW DEOH WR FRSH ZLWK WKH ¥¥XPQVLDQ GE MKD
HOQYLURQPHQW

FRS 1X3X1 & FRS 1X3X3




CENTRE FOR WIRELESS

".' Bodfordshie NETWORK DESIGN

2XWOLQH

 OQWURGXFWLRQ ORWLYDWLRQ

2)'0$

2)'0$ JUDPH

JUHTXHQF\ 5 HXVH 6FKHPHYV

'\QDPLF )UHTXHQF\ 30DQQLQJ

ORGHO

,QSXWYV '"HPDQG 9HFWRU 5HVWULFWLRQ ODWUL]
2SWLPL]DWLRQ BUREOHP OL[HG ,QWHJHU 3URJUDP
6ROYLQJ ')3 6LPXODWHG $QQHDOL®JI$TDEXLOMIORANEK *UHH
5HVXOWV

&RQFOXVLRQV



CENTRE FOR WIRELESS

".‘ b NETWORK DESIGN C\I‘\l?l\l’_)

Y3 ORGHO

a

N




CENTRE FOR WIRELESS

".' s NETWORK DESIGN C\N?ND

'Y)3 ' HPDQG 9HFWRU

/KH GHPDQG YHFWRU LQGLFDWHVHWKHQ g KB HKU
SHU VHFWRU WR VDWLVI\ WKH XVHUV GHPDQGYV

W LV FDOFXODWHG DV IROORZV

1XPEHU RI XVHUVY DEOH WR GHFREHAWKRUSUHDPEOH 1
SHTXHVWHG VORWYV IRU WKH L WK XVHU
SHTXHVWHG VXE FKDWEHRHMHFMRWKH 6

Subcarrier: 9 bits

(1) Slot throughput ( Kbps) = slot 5mSSchafrief

Requested Throuhgput ; (Kbps)
Slot throughput , (Kbps)

(2) Slot, =

slots

3) C., = Slots, x
( s .
I sub - channels

iMs,
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')3 | 5 HVWULFWLRQ ODWUL]

OHDVXUHPHQWRQMEBUQN LQIRUPDWLRQ DERXW
WKH VWURQJHVW 1HLJKERXULQJ &HOO

BA List (only def. HO NB):
{94, 116, B9, 102, B6, 90}

;
Serving Cell Measurements i
RXLEV RXQUAL
FULL G4 & ;
SUB 82 E

Neighbouring Cell Measurements
NB RXLEV BCCH BSIC
38 G4 47

ll.l.! \( br

42 116 34 — Serving Cell

SN el Neighbour Cell
4 12 102 07

5 10 86 SE —

6 18 90 60 Other Cells
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'Y)3 } SHVWULFWLRQ ODWUL][ ,,

'KHQ D 05 LV UHFHLYHG E\ WKH %6 S RVAHU UH F\M K
6HUYLQJ &HOO DQG WKH 1HLJKERXU &HOO DUH

$QOWHUIHUH XS $HQYW. T WKH VLIQDO IURP Wt
LV VWURQJHU ZHDNHU ZLWK UHBASWEMWF W RHGH
WKUHVKROG YDOXH GHILQHG E\ WKH RSHUDWRL

'LYLGLQJQWHUIHUHQFH Q$HIHDVEUHPHQW 5HSR
IRU D JLYHQ WKUHVKROG HJ GWWL®GLFD
RYHUODSSLQJ IURP WKH 6HUYLQU &HOO LDOQWHW
RI RI WLPH

JLODOO\5HWKH LFWLEFQQOEWUEXLOG 7KH VL]H
UHVWULFWLRQ PDWUL[ LV >6HFWRU [ 6HFWRUQ@
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&DSDFLW\ (VWLPDWLRC
5SHVWULFWLRQ ODWUL]

DEMAND VECTOR AND RESTRICTION MATRIX

1 (2|3 |4 |56 7 8| 9 10|11 12(Dy
0 3821411 0 |0 | O [29] 0| O [11.7264| O || 4
304 0 478347430 0 O O (O [O]O]3
232(453| 0 (244 0 (34313372 0 |[46453| 0 || 8
0 392464 0 [285/25| 0 321 O (O | O |O |4
00| 01529 0 294 0 O] O OO0 |O|4
0| 0] 0392428 0| 0 2141070 |0 |0 |4
00 (23442| 0 | 0| 0 |446[2340] 0 |76.5/659|| 6
21]8.6(369)565 0 43.4{39.13| 0 |347| 0 (239|21|[6
0O(0|0|0]|0 |0 (3921428 0 | 0 3573.14{| 4
20001250 | 0[O0 (171 0| O | O |45 2255
306 0 (455 0 | O | O (5049198 0 |37.6/ O (29.7|| 8
0 [0[0]O]JO[0]652] 043391304 0]3
] e®
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The problem is t:

min d Y
i, j .k

il NjT Nkl NF Di >(Dj J
subject ta
NF

X =D "Ik
k=0
ik Xt Xp-1 and y;, %0 "ijk
x, 1 {01} "ik

N number of sectol {1,...1,,...N}
NF number of subchannels, {1...f,,...NF}

D, requested subchannels by the i - sector
W, interference restriction between the i - sector and the gector
y 1, thei -th andj -th sector are using the k - frequency

ij .k

0, otherwise
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')3 16ROYLQJ $OJRULWKPYV
OHWD KHXULVWLFV

Solution Space, S NEIGHBOUR DEFINITION

Neighbourhood, N

f(s')

best neighbour = min (s’) 8 is a forbiden v}
N>8 are forbiden vd

16
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'YJ3 16ROYLQJ $OJRULWKPYV
6LPXODWHG $QQHDOLQJ

s :=s0; e :=1(s) /[ Random Solution
sb:=s;eb:=e // Best Solution
T := high value /[ Temperature
k:=0 /I Iterations
while T > Tminand e > emax // While T > T, ..,q OF not good enough:
sn := neighbour(s) /[ Random neighbour
en :=f(sn) // Compute its energy
if en < ebthen /s this a new best?
sb:=sn;eb:=en /Il Yes, save it.
elseifP(e, en, temp) > rnd({then // Should we move to it?
S:=sn;e:=en // Yes, change state.
k:=k+1 I/ Increase iterations
T *= annealing factor /[ Update temperature

return sb /I Return the best solution found.
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')3 6ROYLQJ $OJRULWKPV ,,
7DEX 6HDUFK

s :=s0; e :=1(s) /[ Random Solution

sb:=s;eb:=e // Best Solution

T:=0;k:=0 /[ Tabu List & Iterations

while k < kmax and e > emax Il While time remains and not good enough:
ki=k+1 Il Increase iterations
for (neighbourhood(s))

sn := neighbour(s) ; en :=f(sn) // Neighbour & Compute its energy
[sbn, ebn] := select_best neighbourh

if ebn <eb then /I Is this a new best?
sb :=sn; eb:=en /Il Yes, save it.
elseif ebn < e then /' Is the best neighbour better that the
current?
S :=sbn; e :=ebn /I Yes, we move to it
else I/ Otherwise
s :=random(s); e = f(s) /I No, we select a random neighbour
Update tabu list I/l Update tabu list

ratiirn ch Il Patiirn tha hact enliitinn fniind
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')3 }6ROYLQJ $OJRULWKPV

*UHHG\ $OJRULWKPV

2SHUDWLRAQ ,QVHUWLRQ :H VWOWW &MV K DHKS MWV HDUV/
ZH ILUVW FRPSXWH WKH ITUHTXHRREVYVE K XK WQ R Q HADKR/HH
IRU DOO VHFWRUYV

7KHQ
5DQGRP ,QVHUWLRQ 5, 6HOHFW D UDQGRP VHFWI

OLQLPXP ,QVHUWLRQ OLQ, 6HD®F W KMHKHRWHFW R U
IXQFWLRQ WKH OHDVW

OD[LPXP ,QVHUWLRQ OD], 6HOHRW WKHI VRHVFWV R U L
IXQFWLRQ WKH PRVW
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')3 6ROYLQJ $OJRULWKPV 9

5HYHUVH *UHHG\ $OJRULWKPV

2SHUDWLRAQ 5HPRYH ‘H VWDUWS$ILWBRHAK QO BV U WILR
ILUVW FRPSXWH WKH IUHTXHQF\W KX BRIk VGIHFQ MOKMH 7 RA
DOO VHFWRUYV

7KHQ
5DQGRP ,QVHUWLRQ 55 B6HOHFW D UDQGRP VHFW

OLQLPXP ,QVHUWLRQ OD[5 6HOH®GW WKHH ARMW RU
IXQFWLRQ WKH PRVW

OD[LPXP ,QVHUWLRQ OLQS5 6HOH®W WKH PRAVAW R U
IXQOFWLRQ WKH OHDVW



CENTRE FOR WIRELESS

".‘ Bodfordshie NETWORK DESIGN

2XWOLQH

 OQWURGXFWLRQ ORWLYDWLRQ
2)'0%

2)'0$ )UDPH

JUHTXHQF\ 5 HXVH 6FKHPHYV

'\QDPLF )UHTXHQF\ 30DQQLQJ

ORGHO

,OQSXWV '"HPDQG 9HFWRU 5HVWULFWLRQ ODWUL]
2SWLPL]DWLRQ BUREOHP OL[HG ,QWHJHU 3URJUDP
BROYLQJ ')3 6LPXODWHG $QQHDOL®I$TDEXLOMIORANEK *UHH
5HVXOWV

&RQFOXVLRQV



CENTRE FOR WIRELESS

University of
Bedfordshire

NETWORK DESIGN

SHV XOaFHQDUI,

2YHUODSSLQJ 6HF
+HDY\ ,QWHUIHU
'/ FDVH

| Parameter Value Parameter Value
Sites 11 CPE Ant. Gain 0dB1
Sector/site 3 CPE Ant. Pattern Omni
Carrier Frequency 35GHz CPE Ant. Height 1.5m
Channel Bandwidth 10 MH=z CPE Noise Figure 5dB
DL:UL Ratio 1:1 CPE Cable Loss 0dB
Permutation Scheme AMC Min Service TP 12.2 kbps
Frame Duration 5ms Max Service TP 42.2 kbps
Sub-channels 16 Average Symbol Eff. 19.9 kbps
DL symbols 19 o(Shadow Fading) 8dB
BS TX Power 43dBm Intra BS correlation 0.7
BS Ant. Gain 18dBi Inter BS correlation 0.5
BS Ant. Beam Width 120 Path Loss Model Hata231
BS Ant. Height 30m Traffic Map Density | 40 u/km?
BS Ant. Tilt 3 Hot spot Density 80 u/km?
BS Noise Figure 4dB Admission BP!
BS Cable Loss 3dB Resource Allocation CA?
CPE Tx Power 23dBm Snapshots 20

IBest Path loss, 2Contiguous Allocation
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5HVXDODMWHAXULVWLFV 9V *UHHG\ $0.
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RVXFFHVV XQWEHKHUYRXJIKSXW
LOQFUHDVHYV ZKHQ LQWHUI
GHFUHDVHYV

REORFNHGRROVWKH RWKHU K
GHFUHDVHYV
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KLV ZRUN KDV LQ@QMRURGXPHGIRRRWHKH IUHTXHQ
DVVLIQPHQW SUREOHP WDLORUHG WR 2)'0$% QH\

Y3 SURSRVHGZ IPRIRWOFDSDFLW\ DQG LOQWHU FHC
HVWLPDWLRQ LQ 2)'0$ QHWZRUNYV

$GDSWHG 6% 76 DQG JUHKHDY\HDEHRQ LXYWHIFGY W R\
WKH RSWLPL]IDWLRQ SUREOHP

*UHHG\ DOJRULWKP KDYH EHHQ G HARFEWWWDRH
UXQ YHWQGBWSKIRGXFH VOLMROXWLRQNVMWKDQ F
KHXULVWLFV E\ DURXQG

Y3 VLIJQLILBBOWRHY LQWHU FHEAODURWEGIHUHQ
DQGQFUHDVHV V\VWEP DFDRBYOFEE W \
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