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Presentation Outline

• FDD Relaying using OFDMA
• OFDMA for 3G-LTE
• OFDMA Resource Management
• Multihop performance for 3G-LTE
• Multihop City Scenario
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OFDMA PHY layer model

RISE 
(abstract PHY) 

OFDMA Transmitter OFDMA Receiver

Different SINR per subchannel

-> adaptive Modulation&Coding

within each ODFMA chunk
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MIMO capacity exceeds the SISO shannon limit

Source: OFDM Workshop 2007
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Source: Walke, Bernhard; Pabst, Ralf; Schultz, Daniel C.: A Mobile Broadband System 
based on Fixed Wireless Routers. Proc. ICCT 2003 Intern. Conf. Comm. Techn., 04/2003 

ComNets Vision of a Mobile Low Cost Internet Access: 
Relay-based Cellular Wireless Mobile Broadband System

Access Point

1. Hop Relay

2. Hop Relay

Relay 
Enhanced Cell
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OFDMA MAC Frame Structure for 3G-LTE

0 2 3 4 5 6 0 1 2 3 4 5 61

time

        time slot
  (1 OFDMA symbol)

12
00

 s
u

b
ch

an
n

el
s

10
0 

ch
u

n
ks

signaling 
overhead

scheduled 
resources

TTI = 500 µ s  (7 x 66.6 µ s + 6 x 4.687 µ s + 1 x 5.208 µ s)

1/6 for pilots

66.6 
µ s

Cyclic
prefix

1 chunk =
12x6=72
subsymstime

f



7R. Schoenen, ComNets, RWTH Aachen University

FDD Relaying using OFDMA
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FDD Relaying – full and half duplex
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FDD: Full and Half Duplex Terminals

Simulation results show that 
FDD terminals can be treated 
equally fair, but
this requires sophisticated 
resource partitioning and 
scheduling effort.

For the following we assume 
perfect resource organization 
and full load.

BS RS

UT

RUT
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Resource Partitioning between BS and RN
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Fair Share Partitioning
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Multihop Cellular Scenarios (with wraparound)

increased capacity
•Cluster order unchanged
•Cell size unchanged

          
  

increased coverage
•Cluster order unchanged
•Cell size x3

Cell size x4
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Maximum rate around RNs is lower because 
of extra resources needed on hop 1 (BS-RN)

Each Node (BS or RN) can cover an area of 
one hexagon; inner hexagon is served by BS

Coverage++: SINR and Throughput Results

Spectral Efficiency = 1.94 bits/s/Hz
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Numeric Results

X

X

There is a further benefit if space division multiple access (SDM) is utilized
among all the relay supported terminals, in a coordinated way.
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Multihop Radio Network

 

BS RS tier 1 

Communication between RNs 

Communication to terminals 

RS tier 2 

Propagation model:

Intelligent Ray Tracing 3D 

Network items

1 primary Base Station

4 Relay Nodes in First Hop 

9 Relay Nodes in Second Hop
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Jersey Scenario

A = 4.439 km²

City of Jersey island scenario map Propagation model:

Intelligent Ray Tracing 3D 

Network items

1 primary Base Station

4 Relay Nodes in First Hop 

9 Relay Nodes in Second Hop

User terminal density
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SINR maps
One BS only (hop1)

1BS + 4RN (H1) 1BS + all RN (H1+H2)

SINR [dB]
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Best Server Maps

uncovered

area

Coverage [%]

BS only:       coverage = 47.257 %
BS+H1+H2: coverage = 98.519 %BS+H1: coverage = 79.891 %
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60Mbit/s

BS+H1+H2

DataRate Maps
BS only

BS+H1
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Numeric Results
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Conclusions

FDD uses time domain relaying (TDR)
• Relays increase capacity and coverage

– Higher spectral efficiency

• LTE-Advanced FDD can achieve 
– 2…4 bits/s/Hz in SISO, Urban Scenario 
– 4…12 bits/s/Hz in MIMO, Urban Scenario
– 1…2 bits/s/Hz in SISO, Island Scenario 

• OFDMOFDMA: more choice to share resources
• Outlook: Frequency reuse 1 cells with soft-reuse

– Coordination needed: intra- and inter-cell
– Central vs decentralized coordination possible
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Thank you for your attention !

Dr.-Ing. Rainer Schoenen
rs@comnets.rwth-aachen.de
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