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Introduction

Time

Time

TSG Objective:
-> Mobility of ideas

:research innovation application :

Researchers Briefs

-> Assessment of resource aglllty

Researchers Briefs

R1
.‘D

Researcher to E .E’ f‘ﬂé E
Brief matching @ a @ @
done by Unis

Architecture tshh?j'eld y Techniques

WP Lead - KCL methoco o9y WP Lead - Bristol

. framework/impact
assessment
Derives.......
-> Modelling and Simulation platform -
-> methodology of system construct for impact assessment. Co-ordination
Lead - Sheffield

CSG Objective:

-> Overall Proof of Principle strategy and contacts development.

-> Exploitation pathfinding.

Real World
Metrics
Targeted
Real World Questions
Costs
Real World
Constraints EN—
System
Parameters

Energy Focus Group

Book of
Assumptions

Metrics

Evaluation
Approach

Architecture Study
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Book of Assumptions v2, and TR-GR-0071 Baseline RAN

search innovation application :

Energy (E) = Power (P) x Time (T): A System 2
— 2 g i | :
E= PRHTRH + POHTOH s = M : :
3 2 | '
ECR = Energy (E) / M bits delivered: E = . T0P=!T0H2
M /T, R S
E RH M /-I-OH +Fon Py =+ P g System1
ECR= — = RH = C S : |
M M /T, R Z &
2 3

where R is the offered traffic rate, and C is the
achievable system throughput. R/C can be
seen as the system load, L (proportion of Time Elapsed, s
transmit period to total operational period).

TrH1 Tor=ToH1

ECG = Sys 2 Energy (E2) / Sys 1 Energy (E1):

P,..,—+P
E, _ Pari2Tr 2 T FPonaTop _ RA.2 C, o2 _ Fraobo R

ECG= R
E RiiTrast Fonalor + Panaba + Fons
Pon

PRH,1 C
ERG = (1i 1/ECG) x 100%: "

P..L+P
ERG=(1- raabs * Fous )3 100%

PRH,ZLZ + OH,2
5/18



The

Sheffield.

F F F
=8 HSPA Reference (SMHz)
=©-" LTE Reference
200 7% " LTE Small-Net (SISO) .
== LTE Small-Net (1x2 MRC) 7
—tUE SmakNet@esree) | | | ]

R
.

-7 R
-

=
- +

'
X

RAN Offered Load, Mbit/s/km®
. e

Number of Cell-sites per km?

Cell Size

" L]
x10 x10
g e g2
g 1. .3 (E8
5 Research
w50 108 *°

Approaches

[C)

‘ RRH

Optical
fibre
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1. Distributed antenna system with 3 RRH in a single cell

é Base station 8 Mobils User I8 Vehicular relay

{T)UtoBS (2)Uto VR {3) Store-carry forward (4} VR to BS (5) VR to VR

Distributed Antenna System

Mechanical Relaying For Cell Edge Users
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Traffic Off-loading to Wi-Fi

= BEM
TCoM
Few Users, Few Users, Many Users,  Many Users,
Low Rate High Rate Low Rate High Rate

Fig 1. Theoretical gains from manipulating bandwidth

Bandwidth Expansion for
High User Density
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(b) RH-ECR CDF at High Offered Load 85 Mbit/s
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Energy reduction gain (ERG) over cell
= Full Load (100%) ® Medium Load (50%) W Low Load (10%)

—GCRRM

' HER Factor 13

=ERHFR 173 verted
5

[BEERR Ty fet -
3 35 4 4.5 5

1 15 > 25
Radio Head Energy Consumption Ratio(Joules/Bir) x10"

25% < i
15% 18% Figure 4. Radio Head Energy Performanc,
15% .
IS% EE Scheduling
LEgeon 2%

Base station ;
Middle area
area Celledge d
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Interference Cancellation
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Random Network

Coding Techniques

Research
Approaches

A virtual cell

Power Amplifier ]

Transceiver idling ]

Power supply ]

Cooling ]

Transceiver power conversion ]
Combining/Duplexing ]

Central equipment ]

Transmit power

Cabling
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Q Source O Relay Candidate . Target Relay D Base Station

Power Amplifier Efficiency
Cooperative Relaying and

7118 Backhauling
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:research innovation application:
Reg ister of Tracks Technical Approach # RF OoP Average
Technol og ies Res’ ERG% ERG% ERG%
Cell 1. Cell Topology 5 90 60 91,27
Deployment 2. Macro/Femto 46 66
Colour Kev 3. DAS vs. nonDAS 9 -9
RF 4. Network Coding 37 5
Op 5. Femto vs. WiFi 75 15
Frequency 6. Spectrum Management 2 70 50 70,46
_________ Management 7. Energy Aware N/W Selection . 42
< N
/ ARM ' | Multihop 8. Multihop in LTE-A 6 45 40 64, 37
: Themes : Relaying 9. Mechanical Relaying 80 -
: 1 10. Scheduling for MH Relay 89 53
| Theme 1 : 11. Power Aware Routing 75 30
|| Architectures ! 12. PHY Cooperation 90 -
! | 13. WiFi Cooperation 37 0
1
! Them.e 2 : 14. N/W Coding for MH Relay 30 63
[ Relaying X - —
: I BS Radio 15. PA Efficiency 2 - 33 98, 33
i|  Theme 3 . | Efficiency 16. Antenna Efficiency 98 =
|
: Hardware : Interference 17. Beamforming 2 94 63 69, 21
: Theme 4 : Management 18. Distributed Interf. Cancel” 83 22
|| Scheduling : 19. MIMO Interf. Cancel" 30 9
M ___ 2! Scheduling + 20. Multiuser Diversity 4 56 - 50,7, 28
RRM 21. Link Adaptation 72 -
22. Dynamic RRM 64 -
23. EESB/BEM Scheduler 40 2,30
24. PF Energy Scheduler 33 12, 26
25. eNodeB Coop Scheduling 45 -
25. TD Sleep Modes 39 -
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Framework Documents

Book of Assumptions v2, and TR-GR-0013 BS Efficiency jreseareh innovation sppliestion:
Developed base-station Operational (OP) power [ switen ¥
consumption model that is a function of: Rado 1 PA [ Duplexer
ARadiohead (RH) power (Load L dependent)
(Load independent) |
g Cooling
_ =N §MEi—=—
OP =N [ L+ (POH + PBH )] B -
|
No. Antennas Radiohead Overhead PSU
& Backhaul
There is a relationship between the BS coverage i Eara——
radius and the power consumption of the BS: soll 0 Rusionend (2 bun A
A Power amplifier efficiency decreases with BS size T Radohead (4 Teon /
A Overhead power varies slowly with BS size 200 === Ovethead (OH) Theory
A . @ Operational (OP) Data
Backhaul power is roughly constant Operational (OP) Theory/ o
150 -

This yields an approximate empirical formula
between operational power and coverage radius (r):
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Key Observations from The Architecture Theme

Thereare significant energy gains of 480% reported fromiraffic off-loadingin
outdoor, indoorand enterprisescenarios.

Thereare also significant energy gains of up $0% from spectrunalancing

Resultsndicated that theLTE system is more efficient than the H&t#ndard byl10-
50%.

Theuse ofomni-directional antenna cell$n place of trisectored ones can save &D%
energy underdow offered traffic loadconditions.

Network codingfound to be less promisingvith only smalloperational energy gains
reported.

Distributed Antenna System (DAS) and Network MIMO can give operational ERGs u
59% inplanned hotspot areas close to the cell edge

KeyObservatlons from Th&elayMultihop Theme

Schedulingn relay-aided networksachieves operationaénergysavings up to ~5%.

Mechanical relaying achieves30% ERG for Bt the gains depend on the elasticity of
the service traffic. Mechanical relaying allows BS to be powered down.

Routing in multi hopwirelessnetworks usingcooperativediversity produces
operational energy savings of up to %6

Random Network Coding in relagided cellulametworks outperformsthe HARQ
basedscheme and gives operationahergy savings 0f30% and40% for relay-
assistedand singlehop scenarios



