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ABSTRACT

Deploying small cells is a reliable and influential solution to handle the skyrocketing traffic increase in the
cellular network, and the small cell technology is evolving to ultra-dense network (UDN). In this paper we
propose a small cell on/off algorithm with a simple but essential framework composed of access point (AP), user
equipment (UE), and small cell controller (SCC). We propose Device-Assisted Networking for Cellular grEening
(DANCE) algorithms that save the energy consumption by tying to minimize the number of turned-on APs while
maintaining the network throughput. In doing so, SCC firstly gathers the feedback messages from UEs and then
makes a decision including a set of turned-on APs and user association. DANCE algorithm has several variations
depending on the number of bits of the UE’s feedback message (1 bit vs. N bit), and is divided into AP-first,
UE-first, or Proximity ON according to the criteria of selecting the turned-on APs. We perform extensive
simulations under the realistic UDN environment, and the results confirm that the proposed algorithms, compared

to the baseline, can significantly enhance the energy efficiency, e.g., more than a factor of 10.
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Fig. 1. UDN environment consisted of a macro cell
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Fig. 2. Turned-off Procedure: periodically broadcast Beacon and listen AP-ON messages.
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1-bit feedback

N-bit feedback

- A = {1, 0}
- Only represents the connectivity

- Highly depends on the possible cell range

adaptive modulation and coding (AMC).

- Ay = {throughput}
- Throughput can be quantized by using the

AP, AP, AP, AP, AP, AP, ... AP, AP,

(000111.. 00V
011100. 00 |ue
011110. 00 |u
A=000011. 10 |uw
000001. 10 [ue.
\111110..00 ) ue

AP, AP, AP, AP, AP, AP, ... AP, AP,

(001791..00 V.
015100. 00 |ue
137961. 00 |uw
A=|000013. 10 |ue
000001 . 10 |ue
\146510..00 Jue

E 1. UBS] sl=tlomie B A% FHake w

Fig 1. Constructing matrix A from feedback messages of UEs
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Algorithm 1

Column-row Elimination Algorithm
Repeat until A=J:

{1 if4,.>0
ij

0 otherunse

Eliminate column ] of matrix A. (Small Cell AP
j" is activated.)

Eliminate rows of matrix A that UE associated
with AP j.
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Macro Cell Small-cell AP

@ Eliminate column of activated AP,.

AP AP, AP; :lﬁ:P_‘;iAPg AP ... APy.1 AP, (/=4)
001971 ..00)ve —
015000. 00 |ue
137961 ..00 |Us —
A= 000;0513 1 0 | UE
000001 ..10 | Ut
162000 ..00 ) us
@ Eliminate row of UE;, UE;
that associated with AP,.
(If AP4 is turned on,
UE; and UEs can be connected.)
(@ Update matrix S.
APy AP, AP; AP4IAPs AP; ... AP.; AP,
000100 ..00) ue
00000DO0..00]| U
000100 . 00| Ui
S= 000000 ..00/| Ui
000000 ..00] Ui
000000 ..0O0) us

T2l 4. DANCE®| °AP first N bit’gl 7% s dare]
Z A

Fig. 4. An example of Column-row Elimination
Algorithm using AP first N bit’ from DANCE algorithms
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2F7|A TS &9 Ao|3}7] 9|5 DANCE &
FE|&S AHE3ltl DANCE <238 3d AR
SE] AHg P SE ek v O R UE first |
bit"”, UE first N bit, AP first 1 bit, AP first N
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due]ES AP} UE FolA] o= 719 e
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AP; AP, AP; AP; AP; AP; ... AP,.; AP,

000100 .. 0 O0)ueg
001000 . 0O |ue
000100 ..00 |Ue
S=|1000001 .. 00 |ue
0000O0O0 .. 10 |UEs
010000 .. 00 )us

) bits (0:off 1l:on

Message
Header | 011101 ..10 | @RC

t Destination: broadcast
Type: on-initiacion

T2l 5. AXE g S 9o o] 2] AP-ON vA
EED
Fig b. Decision matrix S and AP-ON message
format

AHo g wstx|d] wl2bi UE first, AP first,
Proximity ON°2 = 4= ¢Jow, UE7} SCCel
Hysh= vale] z7)d wlel 1-bit T N-bit>
Z s F ek ol B¢, CAP first 1 bit® &L
2]&S 8 AES 1 bite® "HEIL AP first 9L
25s 283

3.1. AP first &12|& (AP-First 1-bit / N-bit
Algorithm)
7zt 43APX UEW A% 7V’ A 2275%
& 7V A = 23APE A A3 A7tk
a=]a S A¥APel| odde] 7ls3d UEE &5
A7z} o] TS ™ AVl Do) E wzpx] vt
B3}

Algorithm 2 AP first Algorithm
Repeat until A=J':

i = argmaijAU/ESij

{1_, if4,.>0

i 0, otherwise

Eliminate column j* of matrix A. (Small Cell AP
j* is activated.)

Eliminate rows of matrix A that UE associated

with AP i

3.2. UE first &112|F (UE-First 1-bit / N-bit
Algorithm)

41 UE Fol] 914 7Fsdt 223AP2] 51 7

% Ae UES A=), 2] A€l U7} o4
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A% 5 ol &YAPE At AZItk o] IS
3 A7} o] F w7bA] wkEgch UE first &
a2]E FellA UE fitst 1 bite] 79 [7]1°14 7]
AL H|ZAE A7l daelEoer AlekEg]
Mk e B B o ]ZJSH(optlmal
solution)®} <twe]Ze] Az} w9 fARRS B

o

Algorithm 3 UE first Algorithm
Repeat until A=J':

S .
1 = argmin, ZAU

j = argmag, Al ;

1,if A +>0
i {O otherwzse
Eliminate column _] of matrix A. (Small Cell AP j*
is activated.)
Eliminate rows of matrix A that UE associated with
AP j.

3.3. Proximity ON ¢12|&
UEE 7F4 =2 SINR(E, AFH)S AlZsl=
AAPE A3}l A=k

Algorithm 4 Proximity ON Algorithm

Repeat until A=J:

AP j* provides the best SINR to UE i.
1,if A >0
g {0 otherwzse
Eliminate column ] of matrix A. (Small Cell AP j* is
activated.)
Eliminate rows of matrix A that UE associated with
AP j.
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=2 500m) <tell 1000709 A¥HAP} HS5E-E
(uniform distribution)ol] we} MNA3HA| F7FAkel] Bl
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588 8

g

o

AAP
o UE

L
<00 -0 200 -100 1]

a7l 6. 2oy B4
Fig. 6. Simulation setup
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