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Introduction

This document compares two proposed modifications to the Downlink |EEE 802.16aPHY (OFDM FFT-256
mode) needed for estimating the time-varying mobile channd. The two schemes— the midamble scheme and the
hopping-pilots scheme — are first detailed, followed by abrief description of the MM SE estimation gpproach. The
performance obtained with the two schemes is compared, and conclusions are drawn.

Notations

Es Average signd power / subcarrier

Eq Average sgnd power / data subcarrier

No Therma noise power / subcarrier

Nicc  ICl power / subcarrier (due to Doppler spreading)
N  Estimation noise power / subcarrier

Nt  Totd noise power / subcarrier

o Received (and demodulated) pilot

Midamble scheme

One possible modification to the 802.16a PHY (OFDM mode) is to transmit a midamble symbol once every L
symbd durations. We hereby assume that these midambles have the same basic structure as the 802.16a preamble,
i.e. FFT-256 symbol with only even subcarriers occupied and a 3dB boost in overadl symbol energy. It is clear that
as L grows larger, the required transmisson overhead (~1/L) is reduced and the estimation performanceis
degraded.

We later andyze the performance of this schemein two modes:
1. Channd edtimation is performed at each symbol time, by using the two midambles adjacent to the current
symboal time (one past, one future). This scenario entails latency of up toL symbals.

2. Channe edimation is performed when amidamble is received, and based on that midamble done. This
esimation is held congtant until the next midamble is recaeived. In this scenario there is no added latency.
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Hopping-pilots scheme
This schemeis proposed in [1]. Thefollowing is a brief summary.

The downlink |EEE 802.16a OFDM mode implements an FFT-256 OFDM symbol with 200 active subcarriers,
out of which 8 are pilot subcarriers at fixed locations and 192 are data subcarriers. The modification requires that
the location of these 8 pilot subcarriers will vary from symbol to symbol cyclicaly with aperiod of 8 symbols.
Hence, no additiona overhead is required to accommodate this scheme.

Let k=0...Ns1 bethetimeindex of the current symbol relative to the beginning of a packet, and let the active
subcarriers be indexed from —100 to +100. The symbol’s pilots will be spaced every 25 subcarriers at the following
subcarrier indices:

Pk: {- 98! -73! -481_231+21+27|+52,+77} +m0d(9k,24)

The diagram below illugtrates this scheme.
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It is further proposed to boost the power at the pilot locations by 3dB rdative to the power at the data subcarriers.
This boost reduces estimation noise at the expense of reducing the average data subcarrier power.

Channel Estimator

The channd can be estimated with ather of the schemes by MM SE interpolation [2][3] (with the midamble scheme
al midamble subcarriers are regarded as pilots). In the following, the method is briefly summarized.
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The channd estimator a each subcarrier of a symbol isalinear combination of the received (and demodul ated)
pilotsin the subcarrier’ svicinity, i.e.
G¥=sum w™p,

where n isthe subcarrier index and K is the symbol timeindex. The coefficients {w; ™} are determined vialinear
MM SE interpolation using a2-D Weiner filter. Assuming worgt-case channel gtatistics, i.e. aflat Doppler power
gpectrum with maximum Doppler frequency of g ad auniform delay power spectrum with maximum delay
spread of tmax, the 2-D channd corrdation function, r( , ), isgivenby:

r(n-np,Ki-ko )= SiNC (2fg max (N1-N2) Ts) - SINC(2 trad Ki-Ko) Fso)
where Ts isthe symbol duration and Fs. isthe subcarrier pacing. The Wiener filter solutionis

W= DOl T Bl

where
R= Epr (ni-n;, ki-k)) +No d(n-ny, kik;)

is the correlation between the received pilots p; and p;, E, isthe power in which the pilots are transmitted, and
D™ = E,%r(nn;, k-k)

isthe cross correlation between the channd a (n,k) and received pilot p.

Performance Analysis

The performance of estimation based on the above two schemes was anadyzed. Performance is measured asthe
total SNR at the data subcarriers, E, /N where Ny isthe combined power of estimation noise, thermal noise,

and ICl (dueto Doppler spreading).

tot ?

The following assumptions were made:
?? OFDM Symbol: FFT-256, full bandwidth, FFT rateis 4 Msamples/sec.
?? Carier frequency: 3.5 GHz.
?? MMSE edtimator is matched to a maximum delay spread of 4usec and to true Doppler frequency.
?? For the midamble scheme: the two estimation modes described earlier were examined.
?? Vdoadities 75km/h (fgmex = 250H2), 150km/h (g mex = 490H2Z).
?? Channd profile Vehicular Test A [3].

For the midambles scheme, in dl figures below, ‘Midamble-1' refers to symbol-by-symbol estimation based on two
adjacent midambles, while ‘Midamble-2' refersto estimation once every L symbols based on asingle midamble.
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Veocity: 75km/h

In the figure below, the total SNIR is shown for the midamble scheme as afunction of the midamble spacing, L, for
severd vauesof E_/N, . For comparison, thetotd SNR for the hopping- pilots scheme is also drawn.
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Inthe next figure, thetotdl SNR asafunctionof E;/N, isshown for the two schemes:
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In the figure below, the totd SNR is shown for the midamble scheme as afunction of L. For comparison, the total

SNR for the hopping-pilots scheme is dso drawn.
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Veodity: 150kmh

Effect of midamble interval on performance, Melocity = 150kmdh
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Conclusions

1. Attheveocities examined, 75km/h and 150knvh, the midamble scheme with estimation update every L

3.

symbals (‘midamble-2' mode) fails completely.

For channd estimation from adjacent midambles at each symbol (‘midamble-1" mode) a sgnificant
overhead is required to achieve the hopping-pilots scheme performance. For example, amidamble spacing
of 10 symbolsisrequired a E_/N, of 24dB. This trandates to a 10% overhead. For lower E,/N,

(~10dB), alarger spacing will suffice Snce thermd noise is anyway dominant.

At velocity of 150km/h, the ‘midamble-1" mode requires a spacing of 6 symbols (which trandatesto 17%
overhead) to achieve the hopping- pilots scheme' s performance at SNR of 24dB.

4. Allindl, the hopping-pilots scheme performs considerably better and with no additiona overhead.
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