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ABSTRACT

In this paper, a centralized mmWave-based multi-spot beam cellular system architecture having such a base

station equipped with a plurality of beam-forming antennas, multi-layered dynamic cell configuration method as

one of key concepts of this system operation and a mobility management method based on it are introduced. To

estimate the performance of new system, system simulation was performed under the ideal environment without

blockage. These results show the possibility that system capacity can be dramatically increased and mobility

performance similar to the existing cellular system may be achieved.
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Fig. 1. The overall antenna structure of base station

2= W qkeyEoe] #AKSlE End-fire 2952
W 12] Aol ffste] 2 2T qkEvEo]

o \:‘13] 031@,(3]—?7_@ _1'5_031 =) oéoﬂ

gl

A=
(non-overlapping projected beam area)3} AF F

fE o2 4

"l od(effective projected beam area)< U3t

A& ZA| =3 2 29] 1%} 2he] Fl3k BPHO

M= BE HEA LSl ofs dAEE £ W

de] F412 9 BPHY 7 71& ¥ 4 4%

(projected baseline beam center circle)ol] 1Al =
=

ut

oleiah 4l 7 abeliSol date] el 2e
dlo] e} wEe] AefEd et 94 24L E
slo] 5 S Swow ) oJele] AlEjE wAalo]
2% 29 2F3} o] 2} e] AEE sk 91
o A & % ek

-

o AT E W ele sk W £ el

Az 2 AsE g SAjel wet B AR F
H !

www.dbpia.co.kr



e
T

=1
A

z

ol 1=

J % AEY DElEst A e A%

& beam coverage = 8 Beam Componenl Carrier coverage,

T2l 2. Fod d J)E A A3 9 nEA W oo wlx]
Fig. 2. Pro]ected beam basehne center clrcle and
non-overlapping beam area arrangement.

1. 7IA QG uix] A
Table 1. The design of antenna arrangement of base
station.
BPH A B c D E
BPH7 | 500 | 4152384806 | 02(6-7) | oonis | & 9300
BPH6 | 492 | 3749345106 | 02(5-6) | os/18 | L 9229
g . ' . e m 7383
BPHS | 484 | 3.3463.054/0.6 | 0245 | 1515 | ¢ U734
- . . . T 1 71.09
BPH4 | 476 | 29442656006 | 026-4) | 1515 | ¢ 108
1743
BPH3 46.8 2.541/2.259/0.6 0.2(2-3) 06/09 i 6102
. b 30
BPH2 | 460 | 2.139/1.861/06 | 02(1-2) | 03/06 | [ 37
BPHI | 452 | 1.736/1464/0.6 - o303 | # 08
A: -AH (Antenna Height) [m]
B: -OD/-ID/-H [m]
C: IaBPHs [m]
D: Beamformforming antenna number(real mounted for Figure 2 (b)
/available mounted for Figure 1 (a))
E: Baseline beam width/baseline beam center pointing angle [degree]
v olgw =A & 4 9la o 558 A 240}

TR AR, £ Al =R nE Zolv] ¢

el FElE AHE = gl ol A
of } 2w qhuE A AR Eedes

#2384 = 9lek
I AlAY 28

dejnlejs} 7k v a5 v AEe AlxE
(MWMSB) & WollA LTE(-A) Al2~&l3} ul$-
fakstet ClE Bol ol% ZEHo]A(MS; Mobile
Station), 7]*|=H(BS; Base Station) 12|31 %13} =}
F{(EPC; Evolved Packet Core)o] A|Z2~dl +% =
T4 18y ZREE 73U sdeka 8 Als ¥
AdyAE gy Adel tak Nt A3 migo)

78] Fdalct ok, AA|AE $lsle] ZHgABE=
H9de] F7te] LTE 715 152 Z£4(2msec radio
frame/200usec subframe)=|H4] o] 2 <13k &E=] v}z}
wEl7} 3 29F Zo] LTE®h= thEA AdAlE ] 9la

Al 2®l ggAbell A o] - Re]7) EAfgIc)
“]E]”]HA' gk o 2k 9 AEY A~
WS & 35 29] 2531 2] 5771
< 18 & u, 13 39 9F A3 o] BE

0 of ol

£) e} Segol] AR sl ) o
el A2 mepel 7158 Fohsiele sl

21 e} WAlshe Aol Z1AE kel
Jodo] AHESIE Awl WEHIGH)S 874
HHIE(125MHz 5H9]2] FA1oll4] FA8) & F-i-ahwd
871<] 84 HEIKBCC; Beam Component
Carrier) 9o ¥ & & lek 71A= 4] <
oﬂb ul 7]_,2& 577].],] u) oﬂoﬂi :TLMQ_,_ 1]

o

in&n&é]-kl

=]
o

Spot Beam

- 57 EA Beams/BS
- 8 EA BCCs/Beam
- 57 EA BCCs/FA/BS
- 456 EA BCCs/BS

( 1

Spot Beam Component Carrier

AEA2EASFA 4FA EGFQ,GEAZELBEA - f
= iz A

(layer4)
37EA BCCS FA4’BS

125MHz

(layer1)
57EA BCCs/FA1/BS

(layer2)
57EA BCCs/FA2/BS
0

(layer7)
57EA BCCs/FA8/BS

yerd) (layer6) (layer8)
57EA BCCs/FA5/BS 57EA BCCs/FAB/BS 57EA BCCs/FA1/BS

22 3. A Al o e We )] as wkest
Fig. 3. Beam and Beam Component Carrier within Base
Station‘s service coverage.
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Table 2. physi simulaton parameters.

Parameters Value
Sampling rate (MHz) 184.32
Subcarrier spacing (kHz) 180
Number of subcarriers (total) 694
Number of subcarriers (except guard band) 624
OFDM symbol length (FFT size) 1,024
OFDM symbol duration (us) 5.56
CP length 128
CP duration (us) 0.69
Slot duration (us) 100
Number of slot per millisecond 10
Number of sample per millisecond 184,320
Number of OFDM symbol per slot 16
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a2l 4. 54 A 74
Fig. 4. Dynamic Cell Configuration.
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e = s 78k LTE 52 LTE-A BSel|
A 7|2 ARz g2 A e Al AR A=
oltta 7}A438ka LTE-A SCs 18|32 MWMSB+= 7+
zZy 5708 =8 A 2 5709 WS 7PdE
LTE-A % #9] Alo]Ee} MWMSBS] W S
ZHzt dx=lelar 71Agie)

*LTE-BS
- 3GPP Case 1", TDD ul-dl configuration 5
- 2GHz center frequency, 20MHz, Antenna 4tx

- BS coverage diameter 400m, height 50m, Tx
power 30 dBm, 3cells/BS

LTE-A BS
20MHz x 8 layers x 5 CCs
X 3 Cells
@Below 6GHz

LTE BS
20MHz x 4 layers
x 3 Cells
@Below 6GHz

MWMSB
125MHz x 8 BCCs
X 57 Beams
@Above 8GHz
(d)

LTE-A SCs

20MHz x 8 layers x 5 CCs
X 57 Small Cells
(@Below BGHz
(c)

g 9. ul 7A AlzE 2
Fig. 9. Four system structures.

* LTE-A BS
- 3GPP Case 1[7], TDD ul-dl configuration 5
- 2GHz center frequency, 20MHz up to 100MHz
via CA, Antenna 8tx
- BS coverage diameter 400m, height 50m, Tx
power 30 dBm, 3cells/BS

* LTE-A SCs (Small Cells)

- 3GPP Casel”!, TDD ul-dl configuration 5

- 2GHz center frequency, 20MHz up to 100MHz
via CA, Antenna 8tx

- Small cell coverage diameter 80m, height 15m,
Tx power 23 dBm

- 57 LTE-A small cells located at each beam
center of Fig. 2 (b)

* MWMSB

- X289 %3 A=

o] A% H|3= LTE BS2 MWMSBE thAko
2 3 MWMSBE 1% 4 (a) Feie] 4 A 74
S 7P Ec) #i Al aE] Al Eeld el 9 g2}
e 53 £ 49} 23 HO Aol ke [6]0l4 A
ozt A=ow Alg mdge] 7ukshd 3 Fletv)
El= & 500 Aej=e] 9lrk o]F 2HoAdLe Uukd
S 2 AR Az Au] A3 o]2gk AR AlS A7) E
o] F=7)MP)vFEF Z4(M per Cell)3tar F 71e] ZE
ZMoows Main)©] MPHHC}E A A AR =0 A A ol
A A)AE - o)A A eAe] dlAl E o]F ] A
" Al digk M3HES 72 AR ES=
Moous 91314 MPx20 msS A3 Mons 3
d}4= MPx10 msS A48} Mout®] QoutRr} =k
= 23] A5A 02 N310 3|5k whaEH 74
Abel] A7} 9leka Sedslar T3100] Al=kE). T310
o] WIHE]7] Aol Mgn®] QinBr} Z A8fe] 144
©F N311 37 R 73105 2Alela A4
Al = Az} ey T3100] wheE™ RLFE 4
Al T3118 753k T3110] wtE= %3k RLF
ET A2 ddH o Awd ¢ glck T311e] 1
£5)7] Aol RLF E-77} skas™ 13118 2Alskz
AAF Al Z 91Asla T3110] wHEE™ RLF B
Alsfslar olo] 5 Abel 2 z1glgic) B A E#H o] Adol4]
= RLFE ZAE3 1 o]|Fe] T3110] T-5&=A]
RLF &7 AxEe] ATs+ 722 Z3EA| oda
RLF7} AA=E4 o5 270k 3la o5 2Ho]Ad

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences *16-03 Vol.41 No.03

1AM FA] oA AR SR AR s )
A3t} k= HO ZEAA mdles §j3le] o]5 2~
glo]xo] 7]A|5e] AlF-gt hysteresise} TTTE 7HA|
S A o] AE A s I ellA A3 ol
ol 7k -2 oW AZINHE e &
= A dte] 7|AFe Haud 5 glek 7R =
HO #4& 7 9] sER Tﬂ“” k. FHE 12
o]5 dHlolAde] A3 oWl E Zg)S A=l Had
] 1] 7|X]=o] = oH %2 (HO Command)E Y
g o] 7Fe)al FE 2% 7]A|Fe] A=ew HEHE
W A el AR dlz=ew  $kRHO
Complete)E 23 w] 7}x|e]ch. RLF =933} HO
wdlg) [6][15]% E3te] HO A vhest 22 A
7 221E& = o) 273

E A4 231%

e 0] % ~glo]Ado] = on] ‘:'593(HO Command) ™|

A2 ke A Fo| T3100] T-5 = uf
VHO 4 3= 1 Fatoll 42 Aol RLE 770]
o]Fo] A uj

“HO 79 3= 2 £k e 4] Moute] Qout.
oh Q144 0 2 N310 85 W vk 2tk 9 o
(Aeon] Hele A AF5E A A 2o
o] AL Moo 913 2
7] el 2 AE 2. FeiehE Moo A
aha Qoutzhe] wlaE -

EESEL

I 52E Hrlsl] $1stke, olF zElelAde] 3
=9om o]Fd| sd Aol 2= AIZHTOS, Time
Of Stay)el digt A=t =1 7]F FWMTS,

E 3. MWMSB AlE#o]4 slelulg
Table 3. MWMSB simulaton parameters.

Parameters Value

Beam no./base station 57 spot beams/BS

Base station coverage diameter 400 m
Cell no./base station Fig 5 (b
Base station antenna height 50 m

E 4. oA ¥ 7% =il
Table 4. Mobility-related baseline parameters.

Parameters LTE BS MWMSB
7 EA macro cells
21 EA macro cells (wrap-around)
(wrap-around) (one MWMSB BS has
Cell Layout (one LTE BS has one cell composed of

three macro_sector | 57 BCCs at a specific
cells and 7 LTE | layer like Figure 5 (a),
BSs are used) and 7 EA MWMSB
BSs are used)

Inter-Site distance

400 m 400 m

MU-MIMO (per cell)

Transmission JT/JR  (about BCCs

scheme SU-MIMO belonging to the same
cell)

BS TX Power 30 dBm

Penetration Loss 20 dB

3GPP Case I, FDD

Path loss Macro-cell model 1
Carrier 2.0GHz/ 10MHz
Freq./Bandwidth .

Refer to Table 3.

MS Antenna gain

0 dBi

Shadowing SD

8 dB

Antenna
Configuration

1x2

Traffic model

Full buffer Full buffer

F 5. RLF, HO, ping-pong ¥+ s}2}nje]
Table 5. RLF/HO/Ping pong-related parameters.

Parameters [6], [15] Value
Qout (out-of-sync Quality) -8 dB
Qin (in-sync Quality) -6 dB

1,000 ms (in case of LTE BS)

T310 100 ms (in case of MWMSB)
N310 1 count
This value is not applied in this
Bl simulation.
N311 1 count

HO preparation time

50 ms (in case of LTE BS)

0 ms (in case of MWMSB (because of
Autonomous Resource
Preparation/Cancellation Procedure depicted
in Fig. 7 PH-1, PH-3))

HO execution time

40 ms (in case of LTE BS)
8 ms (in case of MWMSB)

Measurement period (MP)

10 ms (in case of LTE BS)
2 ms (in case of MWMSB)

Measurement Error

To obtain the 90 % bound for +/-
B, a normal dlsmbunon wuh

(Minimum-Time-of-Stay)

. deviation 2 /
Modelling (sqrt(Z)*erfmv(O 9) = 1216 98 cah
be used ([13])
MTS s

Duplex mode

TDD (similar to LTE Frame
Structure Type 2,
Uplink- downlink
configuration 5)

BPH baseline  beam pointing angle

Refer to  Table 1

BPH baseline beam width

Refer to  Table 1

Base station Tx power

30 dBm/Beam, 1tx/Beam

Center frequency

28 GHz

Bandwidth/Frequency/Subband

1GHz/27.5~28.5GHz/SEA

Free space Loss (L)

92.4+20log  f+20log R dB

Path Loss (PL)

L + 10 dB
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minimum time-of-stay)oll &+ A2|7} Fgsjcl A
Aclx2] o]F ~Hlo]d2]) TOS ol ZElolAde]
= oW $FE(HO Complete)E A Adll ¥ vt o]
3] A AZF ofd oW o} AR Y=o m
(HO Complete) HAIAIE 2 wj7}x]e] A7k ofn
gt} 8] o] TOS7F MTSET} Frhd HEZo g
ghdgich Al 714 o5 s gt Ao ofule)
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A EF°|E == RE MSE2] & RLF A 3
PIAEIE H BE MSEQ AlEHe)d =
AZHIAEHC)E == MSS] F )

HO A& [29]: %] = (HO A7} 3]<9)/(HO A=
Z 39, P7lelA F=2oW Ax F I4e A=

on Adf 3ol Al A=onie] ses 3

il

s 3k
CBE [0 %) - (BF] A= Aoy
2 Asld A A=ome] 55

X 62 o5 Aes B3] A oAl 7
A& ZABEAL Qe Zh AlellA] o] 2H|o]4l 9
&r yEog | six| A &3, 30, 60, 120
km/hyE 7Hsh 74 AEE HE TTT, A3 2=
A, Hel®] A 3he 2=tk

a7 10> 2§ 99| v] 7FA] AJzElel] gk HA
el A o] AT AlEl S8RE wAlEkAL glk #HA]
Alels e sl Alzdlollx] 2ze] F4 AlE Al
717} PAlEE A Adgste] A" AlF Jks
3 o] 4-ekS o|wgit) LTE BS2] 403 MbpsS
71522 v|wE v LTE-A BS+ 9.388H(3.78 Gbps),
LTE-SCst  178.13vH(72.82 Gbps), MWMSBE
250.8ul1(101.123 Gbps)& viepllar gt 2= Al
o] A% geks B ] MWMSBE 71 =2 3%
SukS AlgRi)

I3 112 21 92] W] 7FA] Al2=gle]] tisle] T
gk An]a oS wEfskal 1 <kellA] 100709 olF
sHjo] el Hgt U 7L +EE sk 4
2] o] ZdHlolde] ¥z AMAF £ o=
Bt Al2w] S5 Aeolghe) sk Ht AlH] S5
2 100748] ol sHo]Adol| wigk Z7ke] AMEA} &
wFollA] B19] 10% AREAL Seke] s S19] WAt ARS-
2} §eFo 2 Aelgitl. LTE BS®| S A8 45F
86.4MbpsS 7|52 & uj LTE-A BS: 6.4641)
(558 Mbps), LTE-A SCs+ 319.458(27.601 Gbps),
MWMSB+ 248.719(21.489 Gbps)e|tl. LTE BS<]

i

[

6. HO 3 74 4l
Table 6. HO-related configuration sets.

Setl Set2 Set3 Set4 Set5

3, 30, 3, 30, 3, 30, 3, 30, 3, 30,
MS speed [km/h] 60, 60, 60, 60, 60,

120 120 120 120 120
TTT [ms] 480 160 160 80 40
A3 offset[dB] 3 3 2 1 1
RSRP L3 Filter k 4 4 1 1 0

110 101123
(x 250.80)

72.820
(x 178.13)

70
60 -
50 -]
40
30

Peak BS Capacity [Gbps]

20 -
0.403 3.780
(baseline) (x9.38)
[ I —

LTEBS LTE-ABS LTE-A SCs MWMSB

104

38 10, 3% A9 $
Fig. 10. Peak system Capacity.
[ Average System Capacity
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40
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Las —
2
@ 27.601 L40 3
& 304 (x319.45) >
o Las 3
= 21.489 ]
2 (x248.71) &
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8 20 @
8 255
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i) F20 3
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= 104 &
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' s
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—1 00
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SORTEE R R e
Fig. 11. Average system Capacity.

319] B A28 Sk 2.41 MbpsE 7|F0.2 B uf,
LTE-A BS: 6.49vH(15.66 Mbps), LTE-A SCs:
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(0.5056 Gbps)o]ck. LTE-A SCs¢} w|wsd: uf,
MWMSB+ Rt} U2 3 A2 $8E8 Hole o
1 o= MWMSBE IF3E ARSI St
A ope] "lZH] kvt 548 BCC 39 w=
B3 AA Mula dY FoF 4 5 Als A7)
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Fig. 13. RLF performance of five profiles on LTE BS.
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