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Figure 1 The contradiction between the rapid growth in traffic and energy consumption
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Figure 2 Illustration of using the dynamic traffic property to save energy
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Figure 3 Illustration of dynamically tuning the coverage mode and region based on the instantaneous traffic requirement.
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Figure 4 The decoupling of the control signaling coverage and traffic data coverage
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Figure 5 The flexible resource matching based on base station and network collaboration
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Figure 6 The differential based on-demand service
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RIS BRI TR AT 1. 045 52 1)1 98, IS5 e ) A4 v i i I 8 e 5 e LR S B, B 7 %
B2 e 3 T BT AR R 27 R RS SR A REAI. Rt T WL, DA/ SE I T DL ok 5 e
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A5 1) B LSRR IE RS AR 45 STk [6~9] 5.

3.2 BEEMEMEIMESSITHIEE

B ARKAS Bl A5 Ml 5575 I kA0 28 kB RV B A8 LR 55 o SRR R 1l 204 11 77
JE, RANFZ Y 28 B8 i (R RE G 7, S S e RE R 7 (0 A RESR MR e S 2 R R, e o0 k) 4%
PRI Y B B B 2 (K RE AL PR AL BRI A, BN A5

(1) 0 o 500 5 5 o AL S ARA E I 42 8 o 59 55 7 R AE ML 5 L W& R PhiX
PNIBLr 8, WP 5 R AR LIRS T30, SRR AR 2 S B i Bt f) S A b 557 s L
BN RSE, PR S i i ) S A s BT ik

(2) ZRMER o P 707 2 I RERDUAL T TRV AR R TCE AR AR PRI T8 75 5K K K e @ %, Wbt
RGRD  AFTERTE S B AL, TP BENLIR AN SE B D) REAE BRI 53 580 R I RERIRALHLR 5 057, 4
b A A R [ AR A

(3) RN i sl A DXL ITEDIIT: BT M AT ISR B AR LA M B AE S /N OB
XA EANBEREIIREMW, UL RAEAN RIS TG A AF T 20 A0 SR e W48 i AU/ X R ik, sy o0 A s
i RS EAVNXES . PR BERS REAE . ARBERERE . MRRREFE LRI R R, B DT ah & hX
I RERLALALHEN . DEA 5V R RIS S BT, TR 0BT BRI BLAE 78 /X 7 1 T s
T (R PR i A2

A7 1) E LA IE B AR G5 3Tk [10] 45,

3.3 BEMMERIEMIBIR SHMEENTE

BIF B g Y 25 h AR DM (KA 4 B AN TR, BIBOE B 1683 /NMX sl A HAS B AMEFT
ZRPME R DM ERILIR 58 RS 2% .

(1) ZeHERR RERLAL AR LR S 5 DS BCR I BRI OC AR BEXTR M 5 45, 500 5 FE AN
FE/NDTAITHR I R BN 2 P RAEAE /N X TR TR 2 N2 /P R 4E, W2 REk . 2R S
RE R AR HPUE R 2 M BEARRR, oW g mACR G ohA 98 WOR R B LB Lo
LT BN S5 Sh AR AR PEZ TR A FEIBR R, S AL B RE AR I o S AR A BB SR,

(2) RERLS BRUSIBC A UEAL A HNE R AR S1XT R A s 0 5% (1) MIMO F OFDMA 0K, 5T
1 RERCIC 2 A 15 e U o3 L R DA PR U 52t e 7 70 RIS T/ 900 / Lk 55 IR Bh AR AR Re I a2 R 2%
AIFH 7 15 55 T B 5K 1) e RE S DL FR AN TS 20 W v BE AR B U 70 BC 5 R AHILTRINS AR GE A 24 X 5
L5 RGESHAUGE G R WOCR; WFRURE L . &R AU i e N2

ATy 1) B JUAMCER PR AT TAE R SOIR [11~13] 45

3.4 BESENEPMENSSHZRMUTZE

BER 2% TR S B 0k 55 755K, W F0HIE 53 W 26 I DM EL IS B UL A ik, s ar [l
WA g g R e 1R /N DX 2 T /N XA 22 A A i 1 e M) R v RE AR DMLY, JF AR B RE R 45 tH eSS
PRI LA 5.

(1) i RERSCSF AT s b AR S 25 UM T A AT IPI RERERE AR, 3 37 R 6 REZ S DM T
By BLRBERC S UMkl BUOR e i B H 2 TR O BEAS SC AR, WF U AN A3 B RS as Wb B8 DA S A A%
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TR AN RN A, T SLAE SIS UME P RERCS R AR T . Sy B R 2
A BE R AR, X TR T/ N R 2 fi b, LD XA TS RGRERIBE R, X3+
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(2) FEME S 190 2% RE 0 BEUSIBR S5 LA 5 vk BRSO GBS I 2% BRI DL AL IE B 5 3k, a2 23 A
TR 2 22 AR 55 BBl &R 1, SEIRAE RERIE S 45 A0 1 9 2% 3 5 T P 5 SR AR S
H G VEHAC, AT 37 5T B DL SE M ah 2 DRI VL Fo B 1.

ATy 1) b UM B 30 A G5 SR [14~16] 45

3.5 RPRMTAHEESSREMRSHZE

S Rs E RS S JC AR A g R R WA 5 R AR AN IR, 734 A% 20 0 2% 22 Bl SR AUV 55
I SR 2 4 31 PR Bl AR I L K P 2D M 35 5 T P AR A IR, 253 0 P AT 0, N IR
ANFIVEARAT o FF LSS H e RE IR 55 .

(1) B3I 2L 55 RS 0T W TER B JC 4 46 b 55 Kt RAE AT IN &5 3%, WF ke sl 4%
MV ASAEI ]« 22 [N S 75 T RS AR 20 A, & 22 Tl S 2Rl 55 FA) 7 20 Af b B LA e 22 S RD 55 43¢
TR,

(2) ZHEBE T BERAT g o0 M-S i JELE Nl G5 R AR o0 A, WESTHL T DR B AEIS SR L Ml
G R MABR L P RO R - RIS 2 4R F AT A B SURVRR AR KU, bl 55 A 7 B A
RAME L REAAT g (A& [ PEAE AT 73 A, T WA S v A 425 48 45 T BOM P BEARA T 18047 A 0
BB, 15 R 1K) B R C E

(3) A FH P A AAAT O Y vt RE SR S5 UL, S ST P BEAARA T 0 L5 M 2% sy RE A N AE IR R, W5
I FH P REAAAT DA 1) v RE RSO S5 WL PR R RE S A& OB, RS ) P BEAAA T b B e RE SR 55 1R R

ATy 1) b UM B 30 A G5 SR [17~19] 4%

3.6 W SHEAMSSRENERURSTTE

BT AN 55 2 TAAENY S5 AE b5 5 55 Tt 75 SR A7 A5 1R 22 5, 42 R 75 1 P2 I 95 1) i A e 7 7 S
MR S5 A R S PP T3k, D BRI Sl A5 Ik 95 R ALK e v 5 LA ik B S At

(1) MR AR ISR 550V 55 ARG 5 T F TS AL RN, K55 B SEIR / AR SR IR 1)
IR IR ML R00S A/ RO 22 /TR AR R P . LN S N NS HLES P S LSS 5 R it
FLZAPEERNE S BEATRAE AT« 20 RS, IR BT R 45 U R Rl 55 SR A, 45 AN RIS
R 55 (AT A A2,

(2) s BERIRIND 55 22 AR S WL 5k 6 P AT o R e vk R R A 55 7 SR 22 7 PR KRS A
Gk, 8L 2 MR T B B A AN R S ME 55 1 ZE A A S5 LRI, SEBLBER S ER
RIBCA L. AR EAR: AT S KA PR AE AL 5% FAT S I s Z R A Al 555 AT F 3001k
IR F R AE K 5555

A7 1) E USRI RS AR Q8 STk [20,21] 4.
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Energy efficiency and resource optimized hyper-cellular mobile
communication system architecture and its technical challenges

NIU ZhiSheng*, ZHOU Sheng, ZHOU ShiDong, ZHONG XiaoFeng & WANG Jing

Tsinghua National Laboratory for Information Science and Technology, Department of Electronic Engineering,
Tsinghua University, Beijing 100084, China
*E-mail: niuzhs@tsinghua.edu.cn

Abstract After developing for many decades, all kinds of information technologies gradually come across the
bottlenecks of capacity and energy consumption, especially in the cellular mobile communication system, where
it is a great challenge to increase the network capacity under the dual constraints of limited spectrum resources
and energy consumption. It is far from enough by only improving the wireless transmission technologies and
hardware implementation level, and we must investigate efficient mechanisms and methods of spectrum and
energy utilization from the view of the whole system. This paper is intended for the development of future mobile
communication technologies and the strategic requirements of energy saving, in which a novel framework of hyper-
cellular system is proposed and the energy efficiency of the whole cellular network is optimized. By separating
the coverage of control channel and data channel, the mechanisms of soft coverage, soft resource matching, and
service on-demand are introduced, the energy efficiency and network resources are jointly optimized, and the

urging requirements of broadband and large capacity in the next 10-20 years will be satisfied.

Keywords energy efficiency, spectrum efficiency, control channel, data channel, hyper-cellular network
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