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ABSTRACT

When a closed access policy in which only an authorized user is allowed to access to a given base station
(BS) has been employed in heterogeneous cellular networks, a macro-cell user is used to experience strong
cross-tier interference from its adjacent small-cell BSs to which the user is not allowed to access. To mitigate
this problem, it has been proposed that a small-cell BS employs a beamforming vector which is orthogonal to
the channel of the victim user. However, this technique requires considerable mutual exchange of information
among the macro-cell BS, the macro-cell user, and the small-cell BS. In this paper, we propose a cognitive

beamforming scheme, in which a small-cell BS employs the beamforming orthogonal to the victim users’ channel
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without any explicit mutual information exchange. Particularly, the small-cell BS finds small- and macro-cell

users experiencing the co-tier and cross-tier interferences from it, respectively. Then, it employs a beamforming

which is orthogonal to the victim users’ channels to mitigate the co-tier and cross-tier interferences. Using the

system-level simulation, we demonstrate that the proposed scheme effectively mitigates the cross-tier interference

problem.
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E 1. 32 k) 2l
Table 1 Path loss model.
Cases Path Loss (dB)
User is PLios(R) = 30.8+24.2log; R
User to outdoor |PLnros(R) =2.7+428logyo R
macro-cell
BS User is PLros(R) = 30.8 + 24.210g,5 R+ Low

indoor PLyros(R) = 2.7+ 42.8log;g R+ Low
User is

inside the | by 2y — 384 4+ 20l0g,0 R+ 0.7dap smdoor

same apt 18,3/ (n+1)=0.46 4 gp
stripe as

small-cell

SEZT{ ct:ll User is | PL(R) = max(2.7 + 42.8log,, R, 38.46 + 20log, )
BS outside the + 0.7y indoor + 18.3n(m+D)/ (n+1)=046

apt stripe +qLiw+ Low
_Us?dr IS | PL(R) = max(2.7 + 42.8log;, R, 38.46 + 20logy, R)
mside a i

different apt + 01020, ooy + 1830072/ (070%0
. Liw + Low,1 + Low
stripe +qLiw + Low,1 + Low2

FA 7= Aelell EAlsks F2] JHel A, g= A
2 o} stripel] EAeh= ARAR} ¥ AL 7)A] = A}
o19] ] Aol

Aeze) wimaA 7R 7k AR 7k mae
line-of-sight (LOS) ' non-line-of-sight (NLOS) %
do] gt Aoz LOoos  mde
Pros = min(18/R, 1)(1 — exp(—R/63)) + exp(~R/63)2] &
E2 A=, NLOS 292 (1-pros)?] &&=
A=) A7 sojialoe log-normal #+%% 7}
Ao, 84 7)) LA} Ajole] Bzel dik &
JA1] EFAAE 4dBE Agalgleh vz 7]
A5tk AHgA 2¥8] A2 ZRA7h LoS mele]d £
£Alo] FEHA= 4dB, NLOS uﬂlo]nﬂ 6dBE A&
Sk, 4R 71T} AFEA) 7 Wl 2Rl
= 7%, +9EAle] 59k 3dB, 194«1 8=
4dBE A g3, 0144 gt} e 717
Aole] gedAleli= 05, Qlole] FAIFeA wE A}
43} xlo]e] Lo ,:Jéo]] 09] ATAFE H835
of A lmmA 717)Fe] d6dBm, 434 7]
Z|=ko] 20dBmeo]™, W22 ARgx}e} 43 A AR
Ape] AFAH 20dBme] ], B4 7ML A 7k
Aok #hg-2] W= -174dBm/Hz®] 3, noise figure
= 7dBe]ch

2 el azA 7RSS M = 8 7R
LEE ARS8t v = 479 viaRA ARARSe
A FAel Holel S RSk Tideka, 434 7]
A5 M, = 4l9) kel e Akt AR
w3, 60071 S Al oMHz dleiEe
AF88l= orthogonal frequency division multiple
access (OFDMA) A|~8S- w3t} FAH o7, 7+
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Table 2. Summary of system level simulations for
OFDMA-based heterogeneous cellular network.

Parameter Value

No. of macro-cell sites 19

Min. dist. btw. macro-cell sites |[500m

No. of macro-cells per 3
macro-cell site

No. of dual-strip apt. 1
per macro-cell area

No. of floors per dual-strip apt. |1~10

Deployment ratio of small-cell
BS 0.1

No. of users 60
per macro-cell area

70° 3dB-beamwidth,

Tx. ant. at macro-cell 16dBi

Tx. ant. at small-cell omnidirectional, 5dBi

Rx. ant. at user omnidirectional, 0dBi

System bandwidth 9MHz
PRB bandwidth 180kHz
No. of PRBs 50
Thermal noise density -174dBm/Hz
Noise figure at user 7dB
Tx. power at macro-cell BS 46dBm
Tx. power at small-cell BS 20dBm
macro-cell:
Sid. of shadowing B (LOS). 648 (NLOS)

3dB (LOS), 4dB (NLOS)
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Fig. 4. Macro-cell user’s SINR performance comparison
with interference power comparison factor ¢ (black solid
line: proposed scheme, red dashed lined: user measurement
based scheme, blue dashed line (no marker): without
small-cell BS interference).
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Fig. 5. Small-cell user’s SINR performance comparison
with interference power comparison factor ¢ (black solid
line: proposed scheme, red dashed line: user
measurement based scheme).
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Fig. 6. Macro-cell user’s SINR performance
comparison with number of pilot signals Bn (4 = 0.1,
Bn = Bs = B/2, black solid line: proposed scheme, blue
dashed line (no marker): no small-cell BS interference).
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Table 3. The composition of small-cell BSs with
number of simultaneously supporting macro-cell users for
given slot.

small-cell The number of simultanesouly supporting
u deployment macro-cell users (7))
ratio 0 1 i 3
0.05 53.57% 32.32% 11.06% 3.05%
002 0.1 55.17% 31.65% 10.32% 2.85%
0.15 55.12% 31.65% 10.41% 2.82%
0.2 55.42% 31.88% 10.07% 2.63%
0.05 58.22% 30.45% 9.14% 2.20%
0.04 0.1 59.72% 29.69% 8.51% 2.08%
0.15 59.66% 29.70% 8.59% 2.06%
0.2 60.03% 29.79% 8.26% 1.92%
0.05 64.33% 27.42% 6.87% 1.38%
o1 0.1 65.62% 26.63% 6.41% 1.34%
0.15 65.48% 26.73% 6.47% 1.32%
0.2 65.94% 26.66% 6.17% 1.22%
0.05 68.66% 24.98% 5.40% 0.96%
02 0.1 69.91% 24.12% 5.05% 0.92%
0.15 69.70% 24.27% 5.11% 0.92%
0.2 70.24% 24.08% 4.83% 0.85%
0.05 72.89% 22.34% 4.15% 0.63%
04 0.1 74.05% 21.47% 3.87% 0.62%
0.15 73.72% 21.72% 3.94% 0.62%
0.2 74.29% 21.44% 3.71% 0.57%
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Fig. 8. Cumulative dlstribution function of spectral
efficiency with small-cell deployment ratio (4 = 0.1, B =
256, B = Bs = 128).
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