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IEEE 802.16e Mobility System Perspective

Itzik Kitroser

Yossi Segal

Yigal Leiba

Zion Hadad
Runcom Technologies

1 General

This contribution presents some notes on reference system deployment scenario and impact of the mobile
environment on the current 802.16a, and answers some of the points presented in the call for contributions [6].

2 Reference System Deployment Scenario
The reference system deployment scenario is based on the following assumptions:

Multi-cell, macro and/or micro

The service area is covered by a set of base-stations, where each base station contains at least one air-interface
instance (i.e. at least one sector).
A sector should be able to cover an area ranging from a few hundreds of meters to 15 kilometers.

Omni-directional or sectored antennas or both

A sector may use either a directional or omni-directional antenna in a single multiple antenna formation.

Frequency reuse and cell-to-cell interference (FDD &TDD)

The system should be able to operate in either TDD or FDD mode. H-FDD operation of the mobile handset
should be possible.

The sectors share the frequency and/or time resources of the system. In order to minimize mutual interference,
base-stations are synchronized in frequency and in time (sections 8.4.5.1.1 and 8.5.10.1.1 in [2] define how this
can be achieved).

Frequency reuse factors will range from 1/1 up to 1/6. See [5] for coverage simulation.

Level of Cell network interconnect and handoff

The base-stations share a common backbone connection through which they can communicate with each other.
The system should provide all the hooks required for efficient operation of mobile-IP.

All the base-stations forming the infrastructure of the mobile network comply with a certain mobile-operation-
profile (i.e. all support IPv4 and IPv6, all support a certain set of convergence sub-layers, etc.).

Mobile Channel Effects

The channel model is based on [4] modified to support frequencies up to 6GHz.

1
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Doppler
Doppler channels up to 250Hz will be supported (equivalent to 100Km/H at 2.7GHz).

Dispersive Multipath — Fast Fading

Rayleigh channels up to 20usec excess delay spread
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3 Impact of the mobile environment on the current 802.16a

Synchronization & Timing

No changes are required in the PHY layer synchronization and timing mechanisms. The base-stations should be
synchronized to minimize system self-interference. Synchronization between base-stations simplifies the
handoff procedures and facilitates fast handoff capability.

Ranging

No changes are required in the PHY layer ranging mechanism.

Power Control

Due to potential fast changes in the mobile uplink channel the power-control mechanism in [2] should be
enhanced to support faster changes in the channel. The efficiency of this message should be improved as well,
as it will be used sparingly.

Channel Coding
No changes are required in the PHY layer coding.

Measurement methods and messaging for handoff support

See section 2.4 in [7].

Effect on Advanced Antenna Systems MAC Protocols
Not addressed.
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Mobile Channel Models

Path loss

Path loss in mobile wireless channel is typically much higher than the path loss for an equivalent fixed wireless
channel. This happens because the mobile reception unit typically uses a low height omni-directional antenna,
and. The higher path loss requires higher system gain, and the high variance of the path loss causes inter-cell
interference. Several path loss models are widely used to characterize the path loss in mobile environments
mostly based on the Okumura-Hata measurement [1], and modifications to adapt it to higher frequency bands.

Multipath

Operation over broadband mobile wireless channels implies ability to operate even in fading channels in which
significant multipath is present. In [1], [3], [4] and [5] it is shown that RMS delay spread for wireless mobile
channels (mostly in 900MHz and 1900MHz) range anywhere between several hundreds of nanoseconds to
several tens of microseconds. The large delay spreads are present in both vehicular and pedestrian mobility
situations due to the small height of the antennas, and the fact that the mobile unit is typically using omni-
directional antennas.

Doppler and fast fading

Doppler frequency shift can be estimated by f, .., ‘Vienice /C (ignoring the angle of the movement). In order to

estimate the Doppler effect at our target frequency bands, lets calculate for the MMDS (2.5GHz) and UNII
(5.8GHz) bands. Assuming a vehicle speed of 100Km/H we get a maximal Doppler shift of about 230Hz for
MMDS, and about 540Hz for UNII. The Doppler power spectrum used to characterize the fast fading can either
be estimated as a flat spectrum as shown in [6], or follows the Jakes model [7].

Impact of mobile channel on OFDMA PHY

Timing synchronization

Timing synchronization in an OFDMA receiver is based primarily on the strong auto-correlation properties of
the OFDMA waveform. This autocorrelation is a consequence of the cyclic prefix part of the waveform. The
passage of the OFDMA waveform through the wireless channel smears the autocorrelation because the CP
collects somewhat different multipath than original instance of the symbol. The longer the CP relative to the
channel delay spread, the less the autocorrelation is smeared. For OFDMA, CP even for a fairly broad 14MHz
channel can be up to 32usec, in conformance with delay spreads expected in a mobile environment.

Frequency synchronization

Carrier frequency synchronization is an essential component in every coherent receiver. In OFDMA this
synchronization is even more crucial as transmission bursts from several transmitters are synchronously
combined in the uplink.

Frequency synchronization in OFDM receivers is generally based on a pre-FFT stage that handles the fractional
frequency offset (i.e. the part that is not an integer multiple of sub-carrier spacing) and a post-FFT stage that
handles the integer frequency offset.

The pre-FFT stage will usually utilize the OFDMA waveform autocorrelation. As discussed with regard to the
timing synchronization, the OFDMA waveform displays strong autocorrelation even in severe multipath
conditions due to the fact the duration of the CP greatly exceeds the channel delay spread.
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The post-FFT stage will usually utilize the pilot tones to correct the integer frequency offset. In OFDMA 166
out of the 1702 used carriers are pilots. This provides a processing gain in excess of 20dB for the pilots PN
series autocorrelation peak.

Frequency synchronization in a mobile environment is more challenging due to the Doppler frequency shift and
the fast fading effects. These effects tend to smear the sub-carriers and introduce inter-carrier-interference.
OFDMA symbols are short enough (a typical value would be 300usec in a 6MHz MMDS channel) even relative
to the highest Doppler spectral component, so the channel response can be assumed fairly stable across one
symbol. With the help of the carrier frequency synchronization techniques mentioned above, even one OFDMA
symbol is enough to extract accurate carrier frequency estimations, and ensure both downlink and uplink
synchronization.

Channel estimation and demodulation

Channel estimation in OFDMA receivers is based on pilot sub-carriers. In OFDMA there are both constant
location pilots and variable location pilots. The variable location pilots are arranged such that one of every 12
sub-carriers is a pilot. This means that by using the pilots from one symbol, a channel estimate with length of up
to 1/12 of the symbol can be done. This capability, combined with the length of the OFDMA symbols enables
fast, per symbol, estimation of the channel. Thus OFDMA does not require a downlink preamble, and does
relay require that a transmission burst be shorter that the channel coherence time.

Channel coding

The OFDMA PHY support a mandatory RS-Convolutional block code and optionally turbo codes. Both these
codes are robust, and have been used in fixed as well mobile environments.

Ranging and power control

The process of ranging has an important role in maintaining the uplink channel integrity by keeping the
received power at the BST within the allowed bounds. In a mobile environment ranging has to be more frequent
because of the existence of fast fading effects in the channel. The OFDMA PHY can support the fast power
control loop necessary in a mobile environment. The features that enable this are,
e Short frame duration — 2mS is the current minimum supported.
e The CPE can do ranging frequently, with small chances of collision — CDMA code ranging enables
multiple CPE to perform ranging in parallel without collisions and with excellent processing gain at
the BST
e Fast power control — The downlink map contains a power control IE that provides a BW efficient
means for controlling the CPE transmitted power

Inter-system interference

Due to the large variance in a mobile system path loss, inter-cell interference is a common occurrence in mobile
wireless systems. The OFDMA PHY is designed such that sub-channels can be composed from several distinct
permutations of sub-carriers. This feature enables significant reduction in inter-cell interference because even
on occasions where the same sub-channel is used at the same time in two different cells, there is only a partial
collision on the actual sub-carriers.

Performance estimates/simulations

In May 1998, a consortium of 17 broadcasters, network operators, manufacturers of professional and domestic
equipment and research centers, lead by T-NOVA (formerly Deutsche Telekom Berkom), launched the
MOTIVATE project funded by the European Commission in the ACTS Program (Advanced Communications
Technologies and Services), to investigate the practical and theoretical performance limits of DVB-T for mobile

2
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reception. MOTIVATE partners performed a considerable amount of work both in the Laboratory (simulations,
tests campaigns) and in the field (field trials, demonstrations) to achieve the project goals [8]. DVB-T is a close
kin of 802.16a OFDMA PHY that operates in VHF/UHF frequencies and supports 8K and 2K FFT modes. The
report demonstrates operation in a mobile environment at velocities exceeding 200Km/H.
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Channel Estimation

Channel estimation is the task of estimating the frequency response of the
radio channel the transmitted signal travels before reaching the receiver
antenna. The impulse response of a time varying radio channel is usually

[20] represented as a discrete time FIR filter

Equation 2.66

Tty =Y o, (e 508t~ 7,(1)

n

WLAN applications generally assume that the channel is quasistationary,
that is, the channel does not change during the data packet. With this

assumption the time dependency in Equation 2.66 can be dropped
Equation 2.67
W)= o,e MmO -1,

n

Then the discrete time frequency response of the channel is the Fourier

transform of the channel impulse response

Equation 2.68

Hk o= DPT{hn}

~,

Hence the channel estimation process outputs the k, an estimate of the

channel frequency response for each subcarrier.
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Channel estimation is mandatory for OFDM systems that employ
coherent modulation schemes. Otherwise correct demodulation would
not be possible. Knowledge of the channel can also improve the
performance OFDM with noncoherent modulation schemes, although the

-~

k are not needed for demodulation in this case. The improvement can
be achieved when an error control code is used in the system, in which

case the channel knowledge can help the code decoder do a better job.
Frequency Domain Approach for Channel Estimation

Frequency domain channel estimation can be performed with two main
approaches. The first method uses training data transmitted on every
subcarrier. This method is applicaple to WLAN systems. The second
method uses correlation properties of the frequency response of a
multipath channel, and training information that is transmitted on a
subset of the subcarriers. This approach is used in broadcast OFDM

systems.
Channel Estimation Using Training Data

The long training symbols in the WLAN preamble, Figure 2.4, facilitate
an easy and efficient estimate of the channel frequency response for all
the subcarriers. The contents of the two long training symbols are
identical, so averaging them can be used to improve to quality of the
channel estimate. DFT is a linear operation, hence the average can be
calculated before the DFT. Then only one DFT operation is needed to
calculate the channel estimate. After the DFT processing, the received
training symbols Ry x and Ry x are a product of the training symbols Xx

and the channel Hy plus additive noise Wy x.

Equation 2.69

R, =HX, +W,
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Thus the channel estimate can be calculated as

Equation 2.70

~ 1 a
Hy =2 Ry + Ry )X,

Equation 2.71

< %thﬁ- Xe + Wi+ HXe +Wo ) X;

Equation 2.72

| i
= H,|X,| +'§(WIJ: + W, )X,

Equation 2.73

I "
= H + Efwu.k + W)X,

where the training data amplitudes have been selected to be equal to one.
The noise samples W4 x and Wy i are statistically independent, thus the
variance of their sum divided by two is a half of the variance of the

individual noise samples.
Channel Estimation Using Pilot Subcarriers and Interpolation

If the subcarriers are very close to each other, like in broadcast standards
(e.g. DVB) the frequency domain correlation of the channel frequency
response can be used to estimate the channel, even if training data is not

available for all the subcarriers. The coherence bandwidth of the channel

https://learning.oreilly.com/library/view/ofdm-wireless-lans/0672321572/0672321572_ch02lev1sec3.html 3/8
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is usually approximated [20] as the inverse of the total length of the

channel impulse response

Equation 2.74

(Af) = NN

TI]]&X

When the subcarrier spacing is much less than the coherence bandwidth,
the channel frequency response on neighboring subcarriers will be
practically identical. For example, the DVB standard takes advantage of
this by not sending training information on all subcarriers, hence more
data can be transmitted. The pilot subcarriers in DVB are divided into two
sets. The first set is regular pilot subcarriers that are similar to the WLAN
pilots subcarriers; known data is constantly transmitted on them. The
second set is called scattered pilots; known data is transmitted only
intermittently transmitted on the subcarrier. Then the channel estimation
is performed by interpolating the frequency response of the subcarriers
that do not have training information from the known subcarriers. We do
not describe this algorithm in detail, a description of a method can be
found in Speth et. al. [25].

Time Domain Approach for Channel Estimation

The channel estimation can also be performed using the time domain
approach, before DFT processing of the training symbols. In this case, the
channel impulse response, instead of the channel frequency response, is
estimated. The following derivation of the channel estimator uses IEEE
802.11a standard training symbols as an example, but the same approach
can be applied to any OFDM system that includes training symbols. The

received time domain signal during the two long training symbols is

Equation 2.75
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'ri,n =h#* X + Wl,n

The time domain convolution can be expressed as a matrix vector

multiplication. The circular convolution matrix is formed from the
training data as

Equation 2.76

X1 Xea X3 Xe4—L+2
A2 XN X Xed—143
vl ; .
X631  Ag2 Xea-1
| Y64 Y63 "t Xed—L+1

The parameter L defines the maximum length of the impulse response

that can be estimated, and X is in general a rectangular matrix. The
channel impulse response vector is

Equation 2.77

Then the convolution is expressed as
Equation 2.78

n’,n = h * 'rn + Wf,n = Xh + IH"I.‘
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The channel impulse response estimate can then be formed by

Equation 2.79

w T @
h =-2-X'{r1_,. +r,)

Equation 2.80

=%X“(Xﬁ+w, + Xh+w,)

Equation 2.81

= X" Xn+ %x*{wl +w,)

Equation 2.82

= h+—;*X%[w| +w,)

where X' denotes Moore-Penrose [22] generalized inverse of X. The
channel frequency response estimate is then formed by calculating the

DFT of the impulse response estimate

Equation 2.83
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Exercise 5 The simulation tool implements the frequency domain
channel estimation algorithm. Write a Matlab script for the time-domain

algorithm and compare the performance of the algorithms.

Exercise 6 The simulation tool allows to run simulations with perfect
synchronization or with partial or full synchronization. Experiment how
the performance of the system degrades compared to perfect

synchronization as the various synchronization algorithms are activated.

Analysis of the Time Domain and Frequency Domain Approaches for
Channel Estimation

The advantage of the time domain approach is improved performance,
when the maximum length of the impulse response can be limited to a
number significantly less than the number of subcarriers. The rationale is
that the frequency domain estimator has to simultaneously estimate all
the subcarriers, whereas the time domain estimator needs to estimate
only the taps of the impulse response. When the number of subcarriers is
large compared to the number of channel taps, the signal energy used to
estimate each Hy is significantly less than the signal energy used to
estimate each hy,. In other words, it is easier to estimate fewer parameters
given a fixed amount of data. For example, in the IEEE 802.11a system the
number of subcarriers is 52, and the maximum length of the channel can
be assumed to be less than the cyclic prefix length of 16 samples. Thus the
frequency domain algorithm estimates more than three times the

number of parameters than the time domain algorithm.

The drawback of the time domain method is that additional computations

: %X1(fi”+}’2”) : :
are required. The ’ d operation requires 64 - L

multiplications, which are not needed at all in the frequency domain
estimator. This is the usual engineering trade-off; better performance

usually implies higher costs in one form or another.

Enhancing the Channel Estimate
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The correlation of the channel frequency response between different
subcarriers can be used to further improve the quality of the channel
estimate. Figure 2.16 shows an example of the channel amplitude
response for a IEEE802.11a system. It can be seen that the neighboring
subcarriers are highly correlated. We will not go to the details of this
method, but refer to [12] for a full discussion. The paper shows that in
some conditions performance very close to ideal channel estimation can
be achieved. Unfortunately, this improvement does not come without a
price; significantly more computations are required than to calculate the

simple frequency domain channel estimator.

Figure 2.16. Example of a channel amplitude response.
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