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ZPNR. TEE RIS T, N TR FIE, 56 RGUERH LA E &l rf&imbA, sk
FIAL R 2R (massive MIMO, massive multiple-input multiple-output)« 7343 R LR HE A M 2% . T K
22 AL (D2D, device to device) 55, o Fe B ¥ 2 WAL TR, B Wk Lk JEuh RS, SR,
BT 7R FH B 22 R S E 4 v T 1 [ Bt 22 7 SRR RE 4R T, S Ui R Gk b Rt g 223

BB A5 RSN S5 5h gk 2 Bl A B[R] AT s T AR AL, AN [R) A 55 2 B 75 B IR 25 o1 B 2 SR AN A
7] 1. RT, AR ENEAE RGN T IRERE A AEATAT I (AT ] 3 s R N 75 3K, T8 2 4 R IEE L 5%
SRR B W48 R, AR/ 2 FEA SRR E 1 22 SR EN A A8k, S UL T T 3 B T R R R G RERE )
Hahn, BEAK T RGRERL. N T MR ), HE G g 0 2% B AL g T A AL 55 1 0 B AR wa L d
DR 265 (14) S 14 7 i+ % IR T P e N R 25 (T T i AR 25 R K i 8 v &R G e sk ). TR0 20 75 24Xt
AR ) A ZR BRI e B e Vs RO S AR A BT IR R R AR R, O A B G 53 I 248 B Ay T o A i B D ) v e
R NSRS AR AL SR S BEAR JEA, A 00 B0 SR e bl U S BOR SN 7R RS RE A S 1 R T
ARG R, LSRRI N ERCR.

RSO IRATNIS 25 5 AF T T e 53 1) 4 ZEAE) 1) v BE RO R B N ERAR 5 BEUR AR A AL R I 3k
BEATHEIR. X ORI il oK, BFE 2 P /2 R 2 Bk IEASH5r Z 4 (OFDMA, orthogonal
frequency division multiple access) HH AL MIMO. KL D2D ML ZS . i) 2%
S E % Si45 %1 (CoMP, coordinated multiple point transmission) %, [&45 R4t HE A5 1 AL A
RMHEAA) (RE . Feuh) . PRI S SR IR N AE TR 2R, JF e e 53 2844 N i) B b AR R 5 R
LRIl RN TRGRED . IR SRS RN TC 28 1 25 28 A7 25 M e A ML BEAT A 4.
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Figure 1 Relationship between energy efficiency (EE) and spectral efficiency (SE) in an additive white Gaussian noise
(AWGN) channel [3]
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FARGEES B HE EWigwmhD (ZFBF, zero-forcing beamforming) 8¢ {8 A i A LLAE % (MRT, maximum
ratio transmission) S AT, 20 20 X RGP EI/NX AR, X 2P 2R A0 o i b UK
B MIMO R GEHIRER I M A2 A5 EANAR 43 2 A% STk [14] BEXF T AT 2 /DX A MIMO R4t
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Figure 2 (a) EE-SE curve of distributed antenna system under different power allocation policies (9 distributed

antennas) [?1; (b) EE-SE curve of centralized massive MIMO system with different power consumption parameters
(128 antennas at base station) [14]
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Figure 3 (a) EE and (b) SE achieved by the EE-optimal and SE-optimal strategies in D2D system (15]
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Figure 4 EE-SE curves for different number of antennas n; in MIMO-OFDMA system [18]
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Figure 5 Relation between EE and backhaul capacity (a) and normalized cache size (b) [24]
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Abstract This paper provides an overview on our research in energy-efficient resource optimization and trans-
mission strategies for hyper-cellular system in the past five years. For key technologies of the fifth generation
(5G) mobile communication system, including massive centralized/distributed antenna systems, ultra-dense net-
work (UDN), device-to-device (D2D) communications, coordinated multi-point transmission (CoMP), etc., the
fundamental relationship between energy efficiency (EE) and spectral efficiency (SE) and the impact of physical
resources such as time, frequency, antenna and cache are reviewed, and energy-efficient transmission strategies
adapted to dynamic channels and traffic are summarized. It is shown that the EE-SE relationship in all repre-
sentative systems exhibits a “bell-shaped curve”, i.e., SE and EE increase simultaneously when SE is low, while
there exists a tradeoff between SE and EE otherwise. Moreover, the SE loss of the EE-optimal policies is low,
but the EE loss of the SE-optimal policies is high. The EE approaches zero with the increase of the number of
antennas. Universal frequency reuse can maximize the EE when base station (BS)-to-user density ratio is large,
while partial frequency reuse is more energy-efficient otherwise. Caching at BS can improve the EE, and the EE
gain is high in the scenario with weak interference, low-capacity backhaul, and large content popularity skewness.

Keywords energy efficiency, spectral efficiency, resource optimization, hyper-cellular network, fifth-generation

mobile communications
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