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Re: Proposal submitted in response to Call for proposal on PHY specifications in IEEE 802.16.3 on 2000-9-15

Abstract This document presents the outline of the PHY specifications for the Enhanced OFDM (EOFDM) and enhanced QAM
(EQAM).  The proposed PHY supports OFDM and QAM modulation with adaptive modulation and FEC on upstream
and EOFDM with adaptive modulation on  the down stream.
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Summary of Proposal

� OFDM is chosen for the downstream
transmission

� Both OFDM and Enhanced QAM (EQAM) is
supported on the upstream transmission

� Adaptive Modulation is applied to both
upstream and downstream for OFDAM and
EQAM

� Adaptive concatenated code

�MIMO (Antenna Diversity) is supported



PHY Characteristics
� PHY for LOS and NLOS conditions

� PHY optimized for maximum capacity and
robustness

� Integrated PHY for
� Single Carrier

❍ Adaptive modulation
❍ Adaptive FEC
❍ Concatenated coding
❍ Training signal

� Multi Carrier
❍ Adaptive modulation
❍ Adaptive FEC
❍ Concatenated coding
❍ MIMO

� FEC based on common building blocks

� PHY transparent to MAC

� Up/down stream commonality



Equalization

�Single Carrier
� Data aided LMS – for K > 2
� Training signal  – for K > 0
� Training signal overhead  < 2%

�OFDM
� K < 0
� Guard interval
� Pilot aided
� Guard & pilots overhead < 25%
� MIMO - optional



Data Framing for Downstream
Transmission
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Forward Error Correction
� Concatenated coding

� RS encoding
� Randomizer
� Convolutional encoding
� Bit interleaving

� Adaptive FEC

� Dynamic modulation level
� Dynamic code strength – puncture rate

� RS encoding

� G(x) = x^8 + x^4 + x^3 + x^2 +1
� Programmable N,T
� RS + shortened code
� Randomizer
� 1 + X^14 + X^15

� Convolutional encoding
� G1 = 171 ; G2 = 133, K=7
� Puncture: 1/2, 2/3, 3/4, 5/6, 7/8
� Burst termination

� Bit interleaving
� Programmable block interleavi

� Mapping
� Gray coding
� QAM4-16-64



Block Diagram for Downstream
OFDM with Adaptive Modulation
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Block Diagram for Upstream OFDM
with Adaptive Modulation
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Block Diagram for Upstream EQAM
with Adaptive Modulation
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Data Framing for Upstream
Transmission
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Up stream FDMA
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Advantages of Proposed PHY

�  Downstream OFDM transmission results in robust
coverage in non-line of sight situations.

�  Adaptive modulation on the downstream allows
for higher data rates for users with good line of
sight while maintaining robust service to users with
non line of sight.

�  Only one mode (OFDM) of downstream
transmission ensures interoperability of base
station with various CPE’s.

�  Choice of Single Carrier or Multicarrier upstream
channels allows optimization of upstream
throughput and robustness.

�  Adaptive modulation on upstream (OFDM and QAM)
results in optimized data rates depending on signal
strength.



Enhanced QAM (EQAM)

�  EQAM improves multipath reception of QAM
signals

�  A training signal is of fixed length and duty
cycle is concatenated with the QAM signals

�  The rate of training signal insertion can be set
depending on the application

�  Adaptive modulation is also applied



Adaptive Modulation

�Data-carrying sub-carriers within each OFDM signal
can be modulated in QPSK, QAM 16 and QAM 64

�  FEC also depends on signal strength

�  Strongest signals get QAM 64, Moderate QAM 16
and the weakest getting QPSK modulated data


