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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 Iayer model
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Outage Capacity at 10 % probability [bit/{sHz)]
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MIMO capacity exceeds the SISO shannon limit
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ComNets Vision of a Mobile Low Cost Internet Access:

Relay-based Cellular Wireless Mobile Broadband System
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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
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OFDMA MAC Frame Structure for 3G-LTE
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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.
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Resource Partitioning between BS and RN
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Fair Share Partitioning

C. Fair Share Partitioning

We can now derive the calculations for fair share par-
titioning and scheduling with arbitrary PhyModes [6]. The
“proportional fair share™ means that any UT gets the same
amount of resources [?; on its last hop. This amount of
resources leads to a higher data rate r; for those UTs i using
a higher PhyMode. Let M C'S; be the PhyMode on the last
hop for UT; or RUT; and MI; be the mutual information
in [bits/s/H =] for this PhyMode [7]. MIpy be the mutual
information of hopl between BS and RN of a multihop
connection. M1, .. is 5bit/s/H~= for QAMG4 — 5/6. The
amount of resources needed is R; = ¢- &—I with a constant ¢
that is cancelled out in the equations, later. The resources are
limited as

F'tet . .
Rtot Cﬂ'IIm,a: - ZRz - (1)
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Eq. (1) can be used to calculate the data rates of each UT and
the required resources. If the fairness policy is to grant each
UT the same amount of resources F; and to each RUT twice
this number! (to support hopl and hop2 and a fair competition
between UTs and RUTSs) then we get using ¢ = Lot MImas

Ttot

R'tot -
Rz’ — - 2
L{Ts+2- 2RUTs (2)
Ri : ﬂfi Ttot J[I; .
T = = = — - (3)
c #UTs+2-#RUTs MI,, .-
rior 1S the total maximum data rate 71y =

16800000Symbols /s = Sbps = 84M bps.
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Multihop Cellular Scenarios (with wraparound)

i-r;:clst:’?esreoc:dcea:’zzcciﬁgnged ggwlg@ao%
N

*Cell size unchanged

00200050

increased coverage
*Cluster order unchanged
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Coverage++: SINR and Throughput Results
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Numeric Results

Scenario DL Capacity | DL SpecEff
[bit/s] [bit/s/Hz]

Throughput TDM DA G14 | 50973029 2.8318349554
Throughput SDM DA GI14 | 58642110 3.2578950216
Throughput TDM DA GO 48737548 2.7076415712
Throughput TDM OA Gl14 | 50730651 2.8183695086 | X
Throughput SDM OA GI14 | 53799503 2.9888612873
Coverage TDM DA G114 34087801 1.8937667754
Coverage SDM DA Gl14 64801466 3.6000814652
Coverage TDM DA GO 21385809 1.1881005356
Coverage TDM OA Gl14 34937225 1.9409569593 | X
Coverage SDM OA Gl14 65309985 3.6283325128

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
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Jersey Scenario

City of Jersey island scenario map Propagation model:
Intelligent Ray Tracing 3D
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SINR maps

BS only (hopl)

SINR [dB]
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Best Server Maps
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Numeric Results

Scenario coverage |%| | capacity [Mbit/s| | spec.eff.[bit/s/H =]
BS only 47.257 16.223 0.901
BS+H1 79.891 18.217 1.012
BS+HI1+H2 | 98.519 21.583 1.199
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Parameter FO..F3 is an 2D (image) processing filter from raw RxPower data to analyzed maps
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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=2>0OFDMA: more choice to share resources

* Qutlook: 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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