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A Novel Ranging Method for OFDMA Systems

Student : Kuhn-Chang Lin Advisor : Yu T. Su

Department of Communications Engineering

National Chiao Tung University

Abstract

The OFDM-based multiple access (OFDMA) scheme has been shown to be capable
of achieving very high spectral efficiency. A key advantage of an OFDMA system is that
it can exploit the diversities offered by the time-varying and user(location)-dependent
nature of the subchannels via proper scheduling and power/subchannel allocation. In
this thesis, we first present a new single-symbol based initial ranging code structure.
We also address issues related to theassociated signal detection, timing synchronization
methods and novel ranging sequences. These sequences are generated by a prototype
sequence with proper linear phase rotations in frequency domain. The proposed detec-
tion method is capable of detecting single and multiple ranging codes, estimating the
corresponding timing offsets and power strengths. Our approach offers improved perfor-
mance and enhanced robustness against multi-user interference and multipath fading.
Computer simulations are provided to assess the effectiveness of the proposed method
and its advantages over existing alternatives.

We proceed to present a novel ranging sequence design method in the second of the
thesis. When designing ranging sequences, reducing the probability of collision is one of
top priorities. Our ranging sequences design is based on the well known Bose, Chaud-
huri, and Hocquengham (BCH) codes. The design generate more ranging sequences to

increase the ranging opportunities. Peak to Average Power ration (PAPR) is taken into
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our design consideration as well. Our sequences have the desired properties of render-
ing low peak to average power ratio (PAPR) and cross-correlation values, which enable
a receiver to effectively detect multiple ranging codes and estimate the corresponding
time offsets. It therefore gives improved performance and enhanced robustness against
multi-user interference and multi-path fading. Numerical results verify the effectiveness
of the proposed method and its advantages over that based on pseudo-random binary
sequences (PRBS).

The last part of this thesis considers a two-tier pico/femtocell network comprising
a conventional cellular network plus embedded pico/femtocell stations. Such network
architecture offers an economically viable solution to achieving high cellular capacity and
improved coverage. For an OFDMA network using universal frequency reuse and time-
division duplex (TDD), however, the resulting cross-tier interference causes unacceptable
high outage probability and ranging signal detection error. The problem becomes more
critical when performing a ranging process: A two=step uplink synchronization method
is provided for uplink synchronization hetween a mobile station (MS) and a pico/femto
base station (BS) that overlays upon‘a macro/micro cellular network. By using the
proposed uplink synchronization method, a unified synchronous ranging channel may be

used for ranging and UL access in pico/femrocells with reduced interference.
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Chapter 1

Introduction

“Ranging” refers to the task of estimating the distance between a user and the
serving base station (BS). Assuming the availability of a direct line-of-sight (LOS) link,
we can relate the timing offset and the (slant) range of the link by the fact that the
former is equal to the ratio of the distance and the light speed. In this sense, “ranging”
is equivalent to discovering the timing offset:between the user and the serving base
station as well. As in most circumstances, there exists no LOS link, ranging has more
to do with the timing synchronization process in a cellular network.

For OFDMA systems, timing offset will- not only cause inter symbol interference but
also inter subcarrier interference. To avoid so, any user that attempts to create a com-
munication link is required to carry out a successful initial ranging process with the base
station . The whole ranging process can be decomposed into several steps. First of all,
once a user senses a BS, for network entry it first scans for a Down Link (DL) channel
and synchronizes itself with the preambles of the serving BS. After synchronization, the
user shall have the knowledge of critical parameters from DL-MAP and UL-MAP, and
then performs initial ranging process. Even if the DL synchronization is perfect, the
round trip delay can not be compensated by user without help of BS. The goal of the
initial ranging is to compensate the timing offset. In initial ranging, the Ranging Sub-
scriber Station (RSS) chooses one of the available ranging codes randomly and transmits

it back to the BS. The RSS should transmit the ranging code at a random time during



the Up Link (UL) frame as long as there is a ranging opportunity. UL-MAP will show
if a ranging opportunity is available through the next UL frame. However, the RSS will
not notice which ranging code is chosen such that the collision is inevitable. However,
this issue can be conquered by increasing the ranging opportunities. At the receiver side,
the BS is required to detect different received ranging codes, estimate the timing offset
for each RSS that bears an initial ranging code. The BS then broadcasts the detected
ranging codes with adjustments for the timing correction. The status notifications of
either ranging successful or retransmission are also broadcasted.

Several studies on the initial ranging for an OFDMA system like that specified by the
IEEE 802.16e standard [2] have been reported [3]-[7]. These works fall into two major
categories. The first category [3] is based on the ranging codes given in [2]. The second
category [5]-[7] proposes new ranging code structures. Zhuang et al. [5] divided all active
ranging subscriber stations (RSSs) into different groups. Each group is given its specific
and non-overlapping subchannels, which consists of consecutive adjacent subcarriers. As
consecutive subcarriers are assigned to anuser; diversity is lacking. Frequency-selective
fading and propagation delay variation of RSSs further degrade the performance. [6]
suggested an interleaved channel assignment scheme to overcome the major drawbacks
of the above approaches. However, multiple OFDMA symbols are needed and the car-
rier frequency offsets (CFOs) between the received signals and the BS local reference
is not taken into account and perfect frequency alignment among all RSSs and the BS
is assumed instead. Such an assumption is not realistic and ignores the fact that the
residual CFOs cause the loss of orthogonality among ranging codes and are likely to
induce severe performance degradation. Sanguinetti et al.[7] employed a MUSIC-like [§]
algorithm to fix the problem at the cost of a longer ranging ranging signal duration (and
therefore lower system throughput). Guard bands between neighboring subbands of dif-
ferent ranging channels are also needed to prevent interference from other groups. We

propose a specific ranging channel assignment a new class of frequency domain ranging



codes which enables the BS to employ a MUSIC-like algorithm to detect multiple RSSs
and estimate their timing offsets. Our design uses only one OFDM symbol; guard bands
between ranging channels are not needed and the associated receive algorithm gives
robust, excellent multi-user detection and timing estimation performance. Compared
with the existing solutions, our proposal is more spectral efficient, yields improved per-
formance and offers greater immunity against the multiuser interference and frequency
selective fading.

In ranging sequence design, we present a novel systematic method to generate rang-
ing sequences based on BCH codes. The method is capable of generating large num-
ber of ranging sequences to increase the ranging opportunities and reduce the collision
probability. Ranging process consists of initial, periodic, and handover ranging proce-
dures. Initial ranging procedure is more troublesome than others but dedicated for non-
synchronized users. However, our propesed approach can be applied to other ranging
processes without any modification.. Our method also results in lower cross-correlation
and PAPRs when compared with existing ranging sequence sets. As our approach is
based on systematic BCH codes, the required-storage space is much smaller than those
required by other methods as we need only to store the information part of a sequence.
Lower crosscorrelation gives a better detection probability and smaller false alarm prob-
ability especially if there are multiple incoming ranging sequences. On the other hand,
lower PAPR values enhances the power efficiency of mobile subscribers and reduces the
in-band interference caused by the transmitters clipping operation.

A femtocell serves as a small range and is installed as a data access point around
high user density hotspots for low-mobility users. A femtocell is distributed randomly
over the coverage of the macorcell. The femtocell radio range (10 - 50 meters) is much
smaller than the macrocell radius (300 - 2000 meters). Users transmitting to femtocells
experience superior signal reception and lower their transmit power, consequently pro-

longing battery life. Although transmission power from femto users and femto station is



reduced, it still causes severe cross-tier interference to macro users which are close to the
femto station. With universal frequency reuse and time-division duplex (TDD) OFDMA
transmission however, the synchronization will become an important and critical issue.
For example, for a macro user, the signal from macro station will be contaminated the
signal from the femto station and femto station if the network synchronization is not
well-done. The interference level depends on the distance between the macro user and
the femto station. The cross-tier interference causes unacceptable outage probability and
ranging signal detection error. A two-step uplink synchronization method is provided
for uplink synchronization between a mobile station a pico/femto base station that is de-
ployed together with an overlay macro/micro station. In a first step, the pico/femto BS
encodes and broadcasts UL transmission time advance offset information via broadcast
channel. The MS decodes the received UL transmission timing advance offset informa-
tion and advances its uplink timing for uplink ranging or reference signal, transmission
based on the decoded offset value. I a second step;the MS and the pico/femto performs
regular uplink synchronization and uplink access. In one example, the UL transmission
timing advance offset information indicates-a round-trip propagation of radio signals
between the pico/femto vase station and the overlay maco/micro base station. By using
the two-step uplink synchronization method, a unified synchronous ranging channel bay
be used for ranging and UL access in pico/femrocells with reduce interference.
Notation: [ ] and j denote the floor operation and /—1. (.)T and (.)® denote

transpose and Hermitian operations.



Chapter 2

Ranging Signal Design and its
Detection for OFDMA Systems

2.1 Ranging Process

Before an Long Term Evolution (LTE) terminal can communicate with an LTE network

it has to do the followings [4]:

1. Find and acquire synchronization to a target cell within the network.

2. Receive and decode the information, also referred to as the cell system information,

needed to communicate with and operate properly within the cell.

Once the system information has been correctly decoded, the terminal can access the
cell by means of the so-called random-access procedure. The so-called random-access

procedure of LTE is one ranging process and can be concluded as follows:

1. The ranging user transmits a random-access preamble (ranging preamble) to the
target BS such that the target BS can estimation the transmission timing of the

ranging user.

2. The BS will broadcast the timing advance command and the ranging user shall
follow this command and adjust its timing. In addition to establishing uplink
synchronization, the second step also assigns uplink resources to the terminal to

be used in the third step in the random-access procedure.

5



3. The ranging user sends its identity to the network using pre-allocated channel. The
exact content of this signaling depends on the state of the terminal, in particular

whether it is previously known to the network or not.

4. The BS will broadcast a contention-resolution message from the network to the
terminal. This step also resolves any contention due to multiple terminals trying

to access the system using the same random-access resource.

For the interested readers, more detailed information can be found in [4]. Similarly,
as shown in figure 2.1, it is a ranging and automatic adjustments procedure in IEEE
802.16e-2004. Due to many sophicated technical terms, we conclude the ranging process
as follows. Any user that attempts to create a communication link is required to carry
out a successful initial ranging process with the base station (BS). Once a user senses
a BS, for network entry it first scans for a Down Link (DL) channel and synchronizes
itself with the preambles of the serving BS. After synchronization, the user shall have
the knowledge of critical parameters from DI-MAP and UL-MAP, and then performs
initial ranging process. Even if the DL synchronization is perfect, the round trip delay
can not be compensated by RSS.

The goal of the initial ranging is to compensate the timing offset. In initial ranging,
the RSS chooses one of the available ranging codes randomly and transmits it back to
the BS. The SS should transmit the ranging code at a random time during the Up Link
(UL) frame as long as there is a ranging opportunity. UL-MAP will show if a ranging
opportunity is available through the next UL frame. However, the RSS will not notice
which ranging code is chosen such that the collision is inevitable. However, this issue
can be conquered by increasing the ranging opportunities. At the receiver side, the BS
is required to detect different received ranging codes, estimate the timing offset for each
RSS that bears an initial ranging code. The BS then broadcasts the detected ranging
codes with adjustments for the timing correction. The status notifications of either

ranging successful or retransmission are also broadcasted.

6
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Figure 2.1: Ranging and automatic adjustments procedure in IEEE 802.16e-2004
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2.2 Channel Assignment Scheme (CAS) and System
Model

Subcarriers assigned for RSSs are divided into Ny, groups with each group having
N, subbands and each subband consisting of N, consecutive subcarriers such that each
group can support a maximum of M RSSs. Our design has two major advantages.
The RSS can choose one suitable group to transmit based on channel condition from
DL received signal strength. The other is detection complexity reduction. There is no
overlapping subcarriers among each group such that the simpler energy detector can be
applied as a trigger. If the energy detector outputs are less than a specific threshold, we
could skip checking these group.

Let S, be the set of indices of the subcarriers allocated to the pth group and denote

by R;, the ith RSS in the pth group which employs the frequency domain ranging code



{Cip(u) :uw=1,--- ,N;N.}. Let f; be the lowest subcarrier index allocated for RSSs.

For 0 <p <N, —1, 5, 1is
Sp={fs+pNe+:Dy+v:0<:<N,—1,0<v <N, — 1}, (2.1)

where D;, denotes the frequency spacing between subbands. The frequency domain

ranging signal X;,(k) for R;, is defined as

- AipC’ip(u), k e Sp, u=12,---NyN,
Xip(k) = { 0, otherwise, (2.2)

where |C;,(u)| =1 and A;, is the relative amplitude of R,.

Group 1.0 Group 2--Group 3 Group4 Group5 Groupb6

AN AdhAa S04 A‘“HF YY) AAAA

Ranging
Channel

Figure 2.3: Interleaved-subband channel assignment scheme for the case, Ny, = 6 and
N,=6.



The maximum transmission delay D,,., (samples) equals to the round-trip propa-
gation delay between the BS and a RSS at the boundary of the cell. To avoid inter
subcarrier interference (ICI) and inter symbol interference (ISI), the length of the cyclic
prefix (CP), N,, must be larger than the sum of D,,,, and the maximum delay spread
among all uplink ranging channels L (samples) [9]. This assumption is not restrictive,
since in many standardized OFDM systems the initialization blocks are usually preceded
by extended CPs. With the extended CP inserted, the time domain ranging signal for
Ry is z;p(n),n = —N,,—N, +1,..., N, where N is the FFT size.

Assuming the uplink channels remain static within a symbol duration and ignoring

the presence of noise for the moment, we express the received ranging waveform yf;(n)

for R;, as
L-1
yff)(n) = Z hip(Dzip(n — 1) (2.3)
1=0
where h;,(l), | = 0,---,L — 1 are theassociated channel tap weights. The remaining

N — Ny, N.N, subcarriers are assigned to Npgg data subscriber stations (DSSs) which
have already completed their initial ranging process and are assumed to be perfectly
synchronized with the BS’ time and frequency scales. y”(n) denotes the signal of the

1th DSS. The received signal at the BS thus becomes

Ngp—1 M~-1
y(n) = Z Zyg(n_dip)QJQﬂ'Eipn/N
p=0 =0
Npss—1
+ Y yP(n) +w(n) (2.4)
i=0

where {w(n)} are independent and identical distributed (i.i.d.) complex circular sym-
metric Gaussian random variables with mean zero and variance o2 = E[|w(n)|?] and

d;p, €ip represent the timing offset and normalized frequency offset of R;,,.

2.3 Ranging Signal Structure

The maximum number of RSSs supported by one group, M, can be expressed as
M = min{[N/N,], min{N,, N.} —1} (2.5)

10



In practice, [N/N,| is usually larger than 2, hence a judicial choice of {N,, N.} is
needed to ensure M > 2.

The ranging code in the (th subband, C!

iy for the R;, is given by

Cép(y) — e*]?m’z//Mj v=20,1,---, N, —1. (26)

The same ranging code can be transmitted using different subcarrier group without caus-
ing any interference for the subcarriers allocated are disjoint. Our design does not ensure
orthogonality among codes in the same group. When choosing the ¢th ranging code, the
phase difference between two consecutive assigned subcarriers are rotated by —2mi/M.
The phase rotation caused by round-trip delay and channel delay spread is between 0
and —27 /M. This implies that the overall frequency-domain phase shifts of all RSSs in
the same group are non-overlapping over [%, W], where 1 =0, 1,---, M — 1.
By using the MUSIC algorithm [8], we,perform one-to-one mapping from the overall
phase shifts of RSSs in the same group into the corresponding RSSs associated with
the detected peak positions. We can simultaneously obtain the delay information of R;,

from the overall phase shift without additional complicated computations. The RSSs

in the same group can thus be easily detected and decoupled without using multiple

OFDMA symbols.

2.4 Ranging method

Our estimate assume that the timing offset d;, for R;, is equal to the sum of the
round-trip transmission delay and the channel group delay. When a RSS receives the
timing offset estimate from the BS, it adjusts its timing accordingly and retransmit its
ranging code with both cyclic prefix and postfix to avoid inter carrier interference (ICT).

The code structure of (2.6) and the assumption that the subband bandwidth is

smaller than the uplink channel’s coherent bandwidth implies that the equivalent channel
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gains within a the ¢th subband of R;, are related by

o dg

Hi(v) = H(0)e ™t ) =1, N.—1 (2.7)
Let Y, be the N.-dimensional vector that collects the components of the DF'T output
vector corresponding to the (th subband of the pth group. Since the DSSs are assumed
to be perfectly synchronized to the BS time reference, their signals will not contribute

to Y, we have
M-—1
Y. =" Fleyp)vipHi,(0) + 1, (2.8)
=0

where ny, is the sum of white Gaussian noise and the interference from the nearby groups
and v;, is given by

d

X ) ) ; T

Furthermore, F(g;;,) is a N, x N, Toeplitz matrix with the element in ath row and the

bth column given by [9]

sin(mla.=b+¢sp)) jm(b—ateip)(N-1)/N
o ' r(b—ates 2.10
fap(€ip) NSIH(W(b_a+5ip)/N)6 o

A RSS intending to start initial ranging should first derive its initial frequency and
timing estimates from a downlink control signal broadcasted by the BS. This means the
CFOs are only due to Doppler shifts and/or estimation errors whence are assumed to
lie within a small fraction of the subcarrier spacing, i.e., |¢;,| = 0, and F(g;,) in (2.8)
can be replaced with I,, where I, is an identity matrix of order N.. When |g;,| < 1,
F(gip) can be viewed as a tri-diagonal matrix. In this case, F(e)vi, H,(0) ~ Vipﬁfp(O)
with the exceptions of the highest and lowest indexed terms. By combing these small

deviation terms with n} to form @i}, we rewrite (2.8) as
M-1
Yo=Y v H, i 0=01-- N, —1 (2.11)
i=0
which can be expressed in a more compact form
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Y, = (YO YL - YY) =V H, + N, (2.12)

where Y, is the matrix obtained by stacking up the received samples from subbands

within the pth group, Vp = (Vop Vip =+ Vr—1)p)s Np = (ﬁg ﬁ; ,ﬁévb*l), and
ﬁgp ﬁ]&p ﬁ](ﬁb*l
H, = : S . (2.13)
r70 gl rTNp—1
Hyronyp Hivi-ny Hr-ayp

2.4.1 Multi-user Ranging Signal Detection and Timing Offset
Estimation

The fractional frequency offset results in inter-carrier interference (ICI) to subbands
in the nearby group. Let E, be the energy (i.e.; the magnitude square of the DF'T output)
of the pth subcarrier group excluding the highest and lowest indexed subcarriers of each
subband. In the absence of signal, E, is a chi-square distributed with 2/N,(N.—2) degrees
of freedom. When the noise variance is known, the desired false alarm probability can be
achieved by selecting a proper 9. We check £, > n first to see if subsequent operations
are needed.

The covariance matrix of Yy, is defined by ®, = NlprYpH. When there are x, RSSs
in the pth group, k, < M, we have N, — k, basis vectors which span the null space

Uy, and can be obtained by performing singular value decomposition (SVD) on ®,,.

wp

Assuming &, = M we compute

la™(d)a(d)
T(d) = . d=0,--- ,N—1. (2.14)
laF(d)Uwy Ui, a(d)]|
where a(d) = (1, e 72md/N ... = =2md(Ne=D)/NYT “and find the local maximums. These

peak values correspond to the ratio of the total energy to the energy projecting onto
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the null space. There is an one-to-one correspondence between the local peaks and the
active RSS’s delays. Therefore, we make a decision about R;, according to whether there
is a peak located within {Ni/M, N(i+ 1)/M}.

The vector Elp = (dop, chp, SRR CZ(M—l)p)T, which includes information about the num-
ber of the active RSSs in the pth group and their delays, is obtained by the following

algorithm.

1. Compute E, based on the received frequency domain samples. If E, <

Mo, “no signal” is declared and the algorithm terminates.

2. Arrange the frequency domain samples in matrix form Y, and set &, =

M.
3. Apply SVD to ®,, find the N, x (N, — ,) matrix Uy, and then Y(d).

4. Find the largest &, peaks of ‘¥{d) and compare these local peak val-
ues with the threshold, ny(N., Ny, £,). If there exist | peaks below
the threshold, &, <« &k, = and go back to Step 3). The threshold is

determined numerically.

5. Based on the local peak positions, we determine if an RSS R, is active
and its timing offset dz-p is obtained by subtracting Ni/M from the peak

position.
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Figure 2.4: Illustration of MUSIC algorithm-in multi-user ranging signal detection and
timing offset estimation

2.5 Simulation Result and Discussion

2.5.1 Simulation Setup

The OFDMA system parameters used in the simulations reported in this section are
selected from [2] and [12]. The uplink bandwidth is 10 MHz, and the subcarrier spacing
is 10.9375 KHz. The FFT size, N, is 1024. ITU Vehicular A channel model is used and
the sampling interval, T, is 89.285 ns. We consider a cell size of radius 5 km so that
the round-trip delay dy,.,=33.34 us = 373 samples. N, is assumed to be 512 samples
to satisfy the condition N, > d,,q; + L and each group supports M = 2 RSSs. The

subcarriers numbers and OFDM symbols used by one group for our proposal (N, =
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6, Ny = 6, Ny, = 4 and D, = 140) and two earlier schemes are summarized in Table
1 where FLM refers to the scheme proposed by Fu, Li and Minn [6] while SMP is an

abbreviation for the method proposed by Sanguinetti, Morelli, and Poor [7].

Table 2.1: System Parameter

Proposed | FLM | SMP
Supported RSS number
per group, M 2 2 2
Subcarriers
per OFDM symbol 36 36 32
(NC X Nb)
Ranging signal duration
(in OFDM symbols) 1 2 3

The supported maximum speed of RSS is 120 Km/hr and carrier frequency is 2.5
GHz. The normalized residual CFOs of RSSs thus lie within the range [-0.05,0.05] and
are assumed to be i.i.d. for different RSSs. Because our proposed algorithm utilizes the
FFT ouput data, the interference mainly come from RSSs in same group and RSSs in
the nearby groups. We assume there.are K active RSSs in the group and I RSSs in
the nearby groups. Some or all of the following RSS distributions are considered: (i)
K=1,1=0@G0)K=11=1,G4i) K=1,I=2,(iv) K =2, 1 =0, and (v)

K =2, [ =2, within one ranging time-slot.
2.5.2 Multi-User Detection Performance

SNR is defined as the ratio of signal variance to noise variance in time domain.
Comparisons are made with FLM and SMP ranging schemes. The results of Fig. 2.5.2
indicates that the proposed scheme performs remarkably better than FLM and SMP
because of its intrinsic robustness against CFOs. In FLM scheme, the ith ranging
code is declared active provided that the quantity exceeds a suitable threshold n which
is proportional to the estimated noise power o2. The fractional RSSs’ CFOs destroy

the orthogonality in the same group. When a RSS power becomes larger, so are the
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interference and the false alarm probability. Hence, the performance is dominated by
the interference from the same group.

In the SMP scheme, the interference from the same group is mitigated by employing
MUSIC algorithm with extending one more OFDM symbol. However, the interference
from nearby groups degrades the performance when the subbands assigned for different
groups are adjacent. For alleviating this effect, the guard bands are required. On the
other hand, our scheme can find that the RSSs in the different group do not cause
increase of false alarm probability even if the residual frequency offset exists. When
SNR is lower, both signal and null spaces are influenced by relative large noise. When
the SNR > 5 dB, the noise effect becomes insignificant. However, even for SNR < —6

dB, the false alarm probability is still less than 0.02. Fig. 2.5.2 shows the probability of
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Figure 2.5: Probability of false alarm as a function of average SNR.

correct detection (Pp) performance versus average SNR. As our ranging signal needs only
one OFDM symbol the required transmission energy is less than the existing approaches

that employ two or more symbols. Our proposal gives near perfect Pp (=~ 1) even if
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SNR is as small as -10 dB. The performance degrades slightly if there are two RSSs
in the same group. The reason is that the increased active RSS number reduces the
dimensionality of the noise subspace. When SNR is larger than -7 dB, the detection

performance loss of is less than 0.005.

H= 4 &

c )
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Figure 2.6: Detection probability performance as a function of average SNR.

2.5.3 Performance of Timing Estimator

Fig. 2.5.3 plots the the timing estimation jitter, i.e., the root mean squared timing
offset estimation error, as a function of the average SNR for the various RSS distribu-
tions. In each simulation run, the true transmission delays are taken randomly from the
interval [0, dq.]. In simulating the FLM scheme, we employ the SEGA algorithm with
two iterations. It is observed that one RSS in one group yields better performance than
two RSSs in one group. But the performance difference is just one sampling interval. We
can see that for SNR larger than 1 dB the proposed and the FLM schemes give almost

identical performance. After each RSS has successfully finished initial ranging, adjusted
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its timing offset, the BS will be able to support more RSSs in one group for subsequent

periodic ranging since most of the round-trip delay uncertainty has been removed and

the CP length can be reduced accordingly; see (2.5).

D 20 -
R O (Kh=(1,0)
18 : \ﬁ-\' + (KDh=(2,0)
16 - e \\ O 4 (K,|)=(2,2)
%,
14 IR SN N Our scheme
12 - \@1 oM FLM

Time offset estimation standard deviation (T,

0
Average SNR(dB)

Figure 2.7: Timing jitter behavior asa function of average SNR.

2.5.4 Power Estimator Performance

Fig. 2.5.4 shows the normalized MSE performance of our power estimation scheme as
a function of average SNR for various RSS distribution. In lower SNR, our proposed
scheme owns nice performance. The MSE curves flatten out at high SNR’s due to the

limitation of the approximation (2.7).
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Figure 2.8: Normalized MSE performance of power estimate.
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Chapter 3

Ranging Sequence Design

3.1 Introduction to Binary BCH Codes

The Bose, Chaudhuri and Hocquenghem (BCH) codes form a large class of powerful
random error-correcting cyclic codes...Reed-solomon (RS) code is one important and
well-known subclass of BCH codes. Since we are interested in BPSK-modulated ranging
sequences, we shall consider binary: primitive BCH codes only. As will become clear
later, BCH codes do offer great flexibility for our sequence design. We first recall the
basic property of BCH codes: for any positive integers m(m > 3) and t(t < 2™ '), there

exists a binary BCH code with following parameters:

Table 3.1: BCH parameters

Block length n=2"-1
Number of parity-check digits | n — k < mt
Minimum distance Amin > 2t + 1

For t-error-correcting BCH code, it can correct any combination of t or fewer error
in n digits. The error-correcting capability depends on the generator polynomial of
the chosen BCH and the generator polynomial is specified in terms of its roors from
the Galois field GF(2™). Let a be the a primitive element in GF(2™). The generator

3

polynomial g(X) of t-error-correcting code has «, a?, a3, ...,a* and their conjugates as
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its root [?]. Therefore, the generator polynomial will be the least common multiple

(LCM) of the minimum polynomials of a's, 1 < i < 2t.

g(X) = LCM{¢1(X), ¢2(X), ..., 92t(X) } (3.1)

Let f(X) be a polynomial with coefficients in GF(2). If 3, an element in GF(2™), is
a root of f(X), and then for any [ > 0, §2 is also the root of f(X). Therefore,if i is

l

. . . . . . . ; -/ . .
even, there exists one i which i = i'2". It implies o' and o' have the same minimum

polynomial. The equation (3.2) can be rewritten as

9(X> = LCM{¢1 (X)7 $3(X), ..., ¢2t_1(X)} (3.2)

Lemma 3.1.1. The Greatest Common Factor (GCF) of g(X) and X + 1 is 1.
GCF{g(X),X +1} = 1.

Proof. X+1 has 1 as its only one root; and it is-auninimal polynomial. g(X) is the LCM
of ¢1(X), #3(X), ..., Pp2r—1(X) excluding X + 1. Therefore GCF{g(X), X +1}=1. O

With the knowledge of generator polynomial; the desired BCH can be constructed
and the parameters of all binary BCH codes of length 2™ — 1 with m < 8 are given the
Table 3.2.

BCH codes are cyclic codes and attractive for simper encoder implementation. The
codeword C(X) can be obtained by multiplying message u(X) with ¢g(X) directly. The
systematic encoding approach of (n, k,t) BCH code with the generator polynomial g(X)

can be carry out as follows:

Let g(X) =1+ g X + @pX%2+ ...+ g X1 4 Xk,

1. Premultiply the message u(X) by X",
2. Obtain the remainder b(X) from dividing X" *u(X) by g(X).

3. Codeword C'(X) = X" *u(X) + b(X).
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Table 3.2: BCH codes

n k t| n k t n k t
7T 4 1163 39 4 |127 92 5
15 11 1 36 5 8 6
7T 2 30 6 8T

5 3 24 7 71 9

31 26 1 18 10 64 10
21 2 16 11 57 11
16 3 10 13 50 13

11 5 7 15 43 14

6 7127 120 1 36 14

63 57 1 113 2 29 21
51 2 106 3 22 23
45 3 99 4 15 27

8§ 31

3.2 Ranging Sequences Construction

The (frequency domain) cross-correlations among ranging sequences determine the BS
receiver’s capability to mitigate multiuser interference and control the false alarm prob-
ability. The detection probability depends largely on the autocorrelation [10]. It is
desired that the cross-correlation values be as low as possible and the auto-correlation
function behave like an Kronecker delta function. The latter ensures that the detection
probability is insensitive to CFO. We present a sequence construction method with the
above properties as the design criteria.

We first notice that an (n., k.,t) BCH code has 2% n.length codewords and can
correct at least t errors. A t-error-correcting BCH code is chosen as a prototype due to

the following properties:

e Property I: Both all-zero and all-one words are legitimate codewords.

Proof. 1If u(X) = 0, the codeword will be all-zero. g(X) is a factor of (X" + 1)
and X" +1 = (X +1)(X" 1+ X" 2+ .+ X +1). Based on Lemma (3.1.1),
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g(X) is a factor of X™~1 4+ X"=2 4 | 4+ X + 1 as well. Therefore all-one word is

a legitimate codeword. O

e Property II: Circular-shifted and/or complementary version of a given codeword

remains a legitimate codeword.

e Property III: Except for the all-zero and all-one codewords, the codeword weight
is lower-bounded by 2t + 1 and upper-bounded by n. — (2t + 1), where n. denotes
the BCH codeword length.

Proof. The minimum distance of t-error-correcting BCH is 2¢ + 1. Since the all-
zero codeword is a legitimate codeword, the weight of other codeword will be larger
than (2¢ 4 1). Similarly, the number of zero in one codeword are larger than 2t + 1

except all-one codeword. O

Thanks to fixed subcarrier numbers assigned for ranging, L, we choose the codeword
length n. as close to Lp as possible. ‘An equivalent class (EC) is defined as a class,
consists of a codeword and its all circular=shifted versions. Most EC size is n. but there
are some exceptions when n,. is not a prime number. In general, the candidate EC sizes
are determined by zeros of the generator polynomial. However, if an EC size is less than
2a, where « is a small integer used as the design margin to allow certain fractional CFO
uncertainty, then the corresponding EC shall be removed from further consideration as
candidate sequences.

According to Properties I and I, all ECs can be partitioned into two groups such that
if an EC belongs to a group then its complement EC must be in the other group. Because
of the unknown channel impulse response and phase offset between the transmitter
and the receiver, member sequences in one of the two groups shall be designated as

prototype sequences and the other will be excluded from further consideration. When

24



the codewords are transmitted by BPSK signals, Property III implies that the cross-

correlation value of any pair of BCH codeword will be in the interval [—tett=2 ne—i=2],
Thus one should select a t as large as possible to minimize the above correlation bound.

Since n. cannot be arbitrary, the best one can do is to choose n. as close to the
required preamble length Lp as possible. For simplicity, we only consider the situation,
n. < Lp but a similar approach can be applied to deal with the case n, > Lp. When
n. is less than Lp, one needs to insert (Lp — n.) dummy bits in every BCH codeword
to satisfy the preamble sequence length requirement.

Since Peak-to-average-power ratio (PAPR) is a key design concern of an OFDM
system as it dominates the system’s power efficiency, these dummy data bits can be used
to reduce the PAPR values of the preamble sequences as well. It is important that a
transmitted initial ranging signal has a lower PAPR, because it guarantees that signals
transmitted by the RSSs in the cell edge can arrival at the BS with sufficient power
strength. The inserted indexes, I, are identical for every codeword, and the elements of
dummy data are limited in {+1, —1} for reducing the storage needs. The dummy data
for each BCH codeword can be determined by(3.3). In practice, transmitted signals of
RSSs are continuous waveforms not discrete ones. Therefore, an over-sampling factor
U > 4 is needed to ensure a negligible approximation error if the discrete PAPR analysis
is to be used to approximate analog one. The modified BCH codeword m; = P.c;+P,v;,

where P, and P, are the matrices mapping the original codeword and dummy data into

corresponding subcarriers respectively. The dummy data v; can obtained by solving
v; = argmin ||Q(P.c; + P,v;) || (3.3)

where Q is the UN x Lp IDFT matrix, and v; is the trial sequence [11]. After vir-
tual sequence optimization, all we need to save are the information bits of ¢; and v;.
Therefore, the needed bits can be reduced from Lp bits to (Lp — n. + k.) bits.

If the linear range of high power amplifier (HPA) is not sufficient, the large PAPR

leads to in-band distortion and out-of-band radiation. The lower PAPR value the ranging
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sequence is, the higher priority it could be selected as a ranging sequence. However,
to eliminate the ambiguity caused by carrier frequency offset, once a basic preamble
sequence is selected, its right and left 2« circular-shifted versions (4« in total) within
the EC must be removed from the candidacy of the ranging sequences. The remaining
sequences are integer CFO-invariant. If the EC size is in the range, (2a + 1,4 + 1),
only one basic sequence could be chosen.

The number of ICFO-invariant ranging sequences may not be able to meet the se-
quence family size or PAPR requirement. Tradeoffs among correlation values, PAPR,

and number of legitimate sequences allow us to take one of the following two alternatives:

e Trade higher correlation value for a larger size of the ranging sequence family: In-
crease the message dimension k. of the BCH code until the family size requirement

1s met.

e Trade higher correlation for a smaller PAPR:Puncture m,, bits from each prototype
sequence (so that one has my, more positions to allocate virtual bits) until the

PAPR or other system requirements is met.

3.3 Multi-user Ranging Signal Detection and Tim-
ing Offset Estimation

The frequency domain ranging signal X7 for the ith ranging user, R;, is denoted by

A,c; kesS
R _ A S) T
X' (k) = { 0, otherwise, (3.4)
where ¢; = [¢;(p)|pes, = [ci(wr), ci(u2), - ,ci(uny )], uy € Sr, A;, Sy, and Lp are the

ranging sequence used by R;, its relative amplitude, the subcarrier set assigned for
serving the ranging process, and the length of c;, which is the same as the cardinality of
Sy, respectively. As an OFDMA system often allocates only a portion (Lp subcarriers)
of the available spectrum for initial ranging, it is more convenient to design the ranging

sequences in frequency domain instead of time domain. The maximum transmission
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delay D4, (samples) equals to the sum of the maximum delay spread and the round-trip
propagation delay between the BS and a RSS at the boundary of the cell. Furthermore,
the maximum delay spread among all uplink ranging channels is L (samples). To avoid
inter subcarrier interference (ICI) and inter symbol interference (ISI), the length of the
cyclic prefix (CP), Ny, must be larger than D,,,, [9]. This assumption is not restrictive,
since in many standardized OFDM systems the initialization blocks are usually preceded
by long CPs. With the CP inserted, the time domain ranging signal for R; is {x;(n),n =
—Ny,—Ny+1,--- N}, where N is the FFT size.

Assuming the uplink channels remain static within a symbol duration and ignoring

the presence of noise, we express the received ranging waveform y?(n) for R; as

~
—_

yi'(n) =) hi(lai(n —1) (3-5)

Il
=)

where h;(l), | = 0,--- , L—1 are the assoc¢iated channel tap weights. The remaining N —
Lp subcarriers are assigned to Npgg-data subscriber stations (DSSs) which have already
completed their initial ranging processes and are assumed to be perfectly synchronized
with the BS’ time and frequency scales. g2(n) denotes the signal of the ith DSS. The
received signal at the BS thus becomes
Ngrss—1 _ Npss—1
yn)= Y ylfn—d)e" N+ Y yPn) +w)
i=0 i=0

where {w(n)} are independent and identical distributed (i.i.d.) complex circular sym-
metric Gaussian random variables with mean zero and variance o2 = E[|w(n)|?] and d;,
g; represent the timing offset and normalized CFO of R;.

The baseband receiver removes the CP and takes DFT on the remaining received
samples of each frame. The Lp-dimensional vector Y is obtained by stacking the com-

ponents of the DFT output vector corresponding to the subcarriers assigned for the

ranging process (i.e., k € S,). Since the DSSs are assumed to be perfectly synchronized,
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their signals will not contribute to Y,

Nrss—1

Y= Y AF(s,)Hc; +n, (3.6)

i=0

where H; = diag(H;(uy), Hi(u2), ..., H;(ur,)) is a diagonal matrix with

(Hi(uy), Hi(u3), ..., Hi(ur,)) along its main diagonal, H;(u,) is the channel gain on the
u,th subcarrier of the ith RSS, and n is the L p-dimensional AWGN vector. Furthermore,
F(g;) is a Lp x Lp Toeplitz matrix whose ath row and the bth column entry is given by

[9]

_ sin(m(Apg + €i)) Jm(Apates)(N=1)/N
Fuau(Ei) = N sin(7(Ap, + si)/N)e ’ (3.7)

where Ay, = up — U,.

A RSS intending to start an initial ranging should first derive its initial frequency
and timing estimates from a downlink control signal broadcasted by the BS. As the
residual CFOs are due to Doppler shifts, oscillator instabilities and /or estimation errors
it is reasonable to assume that they lie within a small fraction of a subcarrier spacing,
ie., |ei] = 0, and F(g;) in (3.6) can be replaced with Iy, where Iy, is an identity
matrix of order Lp. Note that Y consists 'of possibly more than one ranging sequence.
To decouple all possible active RSSs, Y will be individually correlated with all ranging
sequence candidates, the BS allows the RSS to choose one ranging sequence from the set
and to transmit it back to the BS. The correlation is performed in the frequency domain

and then transformed back to the time domain [5]. In other words, Y; = [Y;(k)]kes, is

given by

0, otherwise

ﬁwzz{YWﬁw,ke&

For the time-domain sample vector y; = IDFT[?Z-], if the desired signal c; is active, its
contribution will be concentrated on a few (time) indices [5][13]. On the other hand, the

interference from other ranging signals will be spread over all (time) indices. Therefore,
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we first compute the sliding-window signal energy and average noise power estimates by

L-1

&(n) =Y G0 +n)lw), (3.8)

=0

N ~
gi(1)?
o2 = T (3.9)
l:Dmaz+1 mazx

where | - |y represents the modular N operation. Based on the above two estimates we

obtain an estimate for the signal-to-interference-and-noise ratio (SINR), ¢;, and that for

~

the timing offset, d;, by

G = mgxg’ﬁ:;) (3.10)
d; = argmgx&cgg) (3.11)

If D,az is close to N, 02 is to be obtained by taking average of 72() over all time stamps
[ which not in the set {czz, o di+ L}. Aranging sequence c; is declared present if (; > n,

and is assumed to be absent if (; <.

3.4 Simulation Result and Discussion

3.4.1 Simulation Setup

The OFDMA system parameters used in the simulations reported in this section
are selected from [12] and [13]. The uplink bandwidth is 10 MHz, and the subcarrier
spacing is 10.9375 KHz. The FFT size N is 1024. ITU vehicular A channel model is
used and the sampling interval T is 89.285 ns. We consider a cell size of radius 5 km
so that the maximum transmission delay dp,q;=33.34 ps = 373 samples. N, is assumed
to be 512 samples to satisfy the condition N; > dp,e,. The subcarriers numbers used
by ranging process are 72. The supported maximum speed of RSS is 120 Km/hr and
carrier frequency is 2.5 GHz. The normalized residual CFOs of RSSs thus lie within the
range [-0.05,0.05] and are assumed to be i.i.d. for different RSSs. Because our proposed

algorithm utilizes the FFT output data, the interference mainly comes from RSSs in
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same group. We assume there are K active RSSs in the group and each BS has its
own 64 ranging sequences for one subband. Eight non-overlapping ranging sequence
sets are proposed for system reuse. The characters of employed BCH, (n., k., t), are
(63,16,11). The needed memory to save one ranging sequence are 25 bits and the
compression ratio is 34.7 %. The RSS probably has a inaccurate frequency estimation,
and its transmitted signal will be with a large frequency offset. Therefore, o is 15 to
avoid the ranging sequence is declared as its circular shift version. Some or all of the
following RSS distributions are considered: (i) K =1, (ii) K = 2, (iii) K = 4, within

one ranging time-slot.

3.4.2 PAPR Performance

The over-sampling factor U is 4 to ensure a negligible approximation error if the
discrete PAPR analysis is to be used to approximate analog waveforms. The PAPRs of
the proposed ranging sequences and the PRBS sequences are plotted in Fig 3.1. We can
see that the PAPR values of BCH-based ranging sequences are about 2.7 dB lower than
those of PRBS preambles on average. It.can improve the efficiency of a power amplifier

from 19.95% to 37.15%.
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Figure 3.1: CCDF performance of proposed sequences and PRBS.
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3.4.3 Multi-User Detection Performance

SNR is defined as the ratio of signal variance to noise variance in time domain. The
threshold, 7, is independent on K and SNR and is fixed at 9 dB. Comparisons are made
with PRBS ranging schemes. The result of Fig. 3.2 indicates that the proposed scheme
performs remarkably better than PRBS because of its lower correlations between any
pairs in the same group. We can see that the fewer active RSS case has slightly higher
false alarm, because noise plus the interference level in (3.9) is lower than one in more
active RSSs case. It implies that &(dz) be compared with relatively lower threshold,

o2n. The lower false alarm probability benefits the system, because it prevents that the

system wastes it resources on allocating the subbands to non-existing RSSs.
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Figure 3.2: Probability of false alarm as a function of average SNR.

31



0.95F b

o
©
T
{

0

0.85 i

0.75 b
—*— Proposed (1 RSS)
—<— Proposed (2 RSSs)
—+&— Proposed (4 RSSs)
—H— PRBS (1 RSS)

Successful Detection Probability
o
(o]

o
]
T

0.65}

—6— PRBS (2 RSSs)

06 | | | —>— PRBS (4 RSSs)

' -10 -5 0 5 10
SNR (dB)

Figure 3.3: Detection probability performance as a function of average SNR.

Fig. 3.3 shows the probability of correctidetection (Pp) performance versus the aver-
age SNR. The detection capability of our sequences is almost the same as that of PRBS.
The main reason is that the time-domain autocorrelation of a ranging sequence does not
depend on the corresponding codeword but-en the channel assignment scheme, if the
ranging sequence is MPSK modulated. The power spectrum densities are identical if the
ranging sequences are MPSK modulated with the same predefined channel assignment.
For K = 4, since 7 is fixed, the signal energy estimate fl(czl) has to exceed a larger 0?7,
the detection probability decreases. However, even for this case it is still close to 90%

when SNR is greater than 4 dB.

3.4.4 Performance of Timing Estimator

Fig. 3.4 plots the root mean squared timing offset estimation error, as a function
of the average SNR for the various RSS distributions. In each realization, the true
transmission delays are taken randomly from the interval [0, dy,q.]. Although, the ac-

curacy of timing estimation depends mostly on its autocorrelation function, a lower
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cross-correlation can still improve the accuracy when there are 4 active RSSs. After
each RSS has successfully finished initial ranging and adjusted its timing offset, the BS
will be able to support more RSSs in one group for subsequent periodic ranging since
most of the round-trip delay uncertainty has been removed and the CP length can be

reduced accordingly.
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Figure 3.4: Timing jitter behavior as a function of the average SNR.
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Chapter 4

Two-step UL Synchronization for
Pico/Femtocells

4.1 Overlaid Network

Picocell and Femtocell deployment is an important feature in the next generation
(4G) wireless mobile communication Systems; such-as WiMAX 2.0 systems defined by
IEEE 802.16m and LTE-Advanced systems defined by 3GPP Release 10. As shown in
Fig. 4.1, cellular OFDM communication system comprises a macro/micro base station
BS, pico/femto base stations (BS), and mobile stations (MS). The pico/femto base
stations have smaller cell coverage, while the overlaying macro/micro base station which
has much larger cell coverage. The deployment of femto-BSs benefits both users and
service providers. Subscribers accessing femto-BSs can achieve greater signal strength
and better quality of service because of the short transmitVreceive distance. In addition,
the short-range and low-power properties of femto-BSs enable more subscribers to use
the same pool of radio resources by accessing different femto- BSs in different areas. This
also benefits service providers from increasing system capacity and spectral efficiency.
The data traffic can be offloaded via femtocells and it is one popular solution to Network
congestion. In addition, the operational cost of service providers is greatly reduced since

femto-BSs are paid for and maintained by subscribers.
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Macro BS

Figure 4.1: Illustration to a hierarchical ‘¢ell structure of macro/microcells and
pico/femtocells in a cellular OFDM ¢ommunication system

4.2 UL Network Timing Synchronization

Network timing synchronization becomes an important issue when pico/femtocells
are deployed together with overlaying macro/microcells, especially in a co-channel devel-
opment scenario. Network timing offset will destroy the orthogonality of OFDM symbol
and lead to severe interference cross whole operating frequency band such that any re-
source planning fails. Network timing synchronization is essential and has to be kept so
that radio signals from a pico/femto base station and an overlaying macro/micro base
station over the air do not interfere with each other.

TDD OFDM comprises DL subframes, UL subframes and transmission time gaps.
Macro station transmits data during DL subframes and receives data during UL sub-
frames. Each DL subframe is followed by an UL subframe after a predefined transmit

transition gap (TTG) time, and each UL subframe is followed by a DL subframe after
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a predefined receive transition gap (RTG) time. TTG is always larger than or equal to
RTG.

Pico/femto base station is synchronized with overlaying macro, and has approxi-
mately the same DL and UL transmission timing due to its physical proximity with BS.
For mobile station that is served by macro, it receives data during DL subframes and
transmits data during UL subframes. After DL and UL synchronization with its serving
BS, each DL subframe of MS synchronizes with each DL subframe of BS with a DL prop-
agation delay, while each UL subframe of MS synchronizes with each UL subframe of BS
with an UL timing advance. However, the Pico/femto BS can not directly synchronize
with the local time of macro station. In Fig. 4.2, the femto/pico has to postpone its DL
transmission due to DL propagation delay. Similarly, the UL subframes of femtocells
are advanced. If not doing so, the femtocells will cause cross-tier interference to nearby

macro users in DL subframes and UL subframes of femtocells will be interfered by macro

users.
| TT6 RTG
Marco BS DL subframes [« > UL subframes |<—>| DL subframes |
Marco MS DL subframes | UL subframes | DL subframes
<> <>
L_ Propagation delay —)
Femto BS DL subframes | UL subframes | DL subframes
time

Figure 4.2: DL and UL subframes and transmission timing in cellular OFDM commu-
nication system

The problem is not fully solved. As illustrated in Fig. 4.2, the pre-defined TTG re-

served to avoid the collision of downlink and uplink transmission may need to be adjusted
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base on the deployment location of the pico/femto base station. However, for mobile sta-
tions which handover to a pico/femto cell or camping on in a pico/femtocell, there is no
mechanism for them to know whether TTG adjustment is applied in the pico/femtocell.
Without knowing this adjustment value, there will be different understandings about
the uplink transmission timing between the mobile stations and the pico/femto BS. As
illustrated in Fig. 4.3,the TTG adjustment causes the timing misalignment. The issue
longer timing offset can be solved by extending CP. This solution, however, is associated
with a few disadvantages. First, it requires a non-synchronous ranging channel to have a
different CP length from a data channel in the same communication system. Second, the
different CP lengths between non-synchronous ranging channel and data channel may
result in interference with each other. Fatally, a non-synchronous ranging channel may
have a different physical structure and code sequences than those of a synchronous rang-
ing channel. Thus, without utilizing a unified. synchronous ranging channel, hardware
complexity and cost of a pico/femto BS may not-be reduced. Although the distance
between a fMs and a fBS is limited, but the information of TTG adjustment is not

available at fMSs such that the time alignment at fBS will fail.

RTG
TTG
UL subframes |<—>|DLsubframes |

Marco BS DL

\ 4
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DL subframes | UL subframes | DL subframes

= Propagation delay ==
Timing misalighment

Femto BS DL subframes J| UL subframes DL subframes

TTG adjustment

DL subframes

"

Femto MS

RTG
time

UL subframes DL subframes

\ 4

Figure 4.3: Timing misalignment is caused by TTG adjustment.

37



Specially, in IEEE 802.16m-D4 [14], the Padded Zadoff-Chu codes with cyclic shifts
are used for the ranging preamble codes. The details of padded Zadoff-Chu sequences
are described as follows. The p'* ranging preamble code z,{n, k} for the nth OFDMA

symbol within a basic unit is defined by

ronx71+Ek)(nx71+k+1 2%k *s,* Nrcg
o o by 2k xNesy )
FFT

k=0,1,...,Ngp—1;n=0,1,2

rp{n, k} = exp{—jn(

where

e p is the index for p* ranging preamble code within a basis unit which is made as

the 3;” cyclic shifted sequence from the root index r, of Zadoff-Chu sequence.
e r, = mod((1 — 2mod(floor(P/M),2)) * (floor(p/(2My)) + ) + 211,211)
¢ p=0,1,.... Nopwt — 1, e, Noos = Nojoai — 1
o s, =mode(p, Ms), p=0,1,..5Neont + Negea; — 1
e The start root index r,g is broadcasted.
e M, is the number if cyclic shift per ZC root index and defined by M, = 1/G.

e Nrcg is the unit of time domain cyclic shift per OFDMA symbol according to the
CP length and defined by Npros = Nppr

e (G and Nppr are the are the CP ratio and FFT size respectively.
e Ngp is the length of ranging preamble code per OFDMA symbol, i.e., Ngp = 72.

Originally, the padded Zaddoff-Chu code are not suitable for asynchronous MSs due
to the asynchronous MSs have wide-range timing offsets. The wide-range timing offset
caused by TTG adjustment is not expected and leads to severe false detection probability

of padded Zaddoff-Chu sequence. To solve the issue, an amendment is proposed. In our
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approach, the TTG adjustment information is quantized and broadcasted via broadcast
channel. With the assisted information, the padded Zaddoff-Chu sequences can be used

for femto MSs without causing any further side effects.

4.3 simulation result and discussion

4.3.1 Simulation Setup

The OFDMA system parameters used in the simulations reported in this section
are selected from [12] and [13]. The uplink bandwidth is 10 MHz, and the subcarrier
spacing is 10.9375 KHz. The FFT size is 1024. ITU vehicular A channel model and
AWGN channel are considered. The subcarriers numbers used by ranging process are
72 and carrier frequency is 2.5 GHz. The operating SNR is 30 dB and the MAP is the
chosen detection algorithm . The parameters of padded Zaddoff-Chu code as listed as

follows:

Table 4.1: Parameters of padded Zaddoff-Chu sequences

parameter values
The starting index (rs,) 10
(NINaNHO7HPE) (16716716)
CP ratio (G) 1/8

4.3.2 Simulation result

In Fig. 4.4, it shows that the false detection probability of padded Zaddoff-chu code are
not acceptable due to the timing offset caused by TTG adjustment. In our proposal,
the 3-bit TTG adjustment information carried by broadcast channel can mitigate the
false detection probability in AWGN case. In time dispersive channel, however, 3-bit
TTG adjustment information is insufficient and 4-bit TTG adjustment information is

adequate.
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Figure 4.4: The false detection probability as a function of distance between fBS and
mBS.
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Chapter 5

Conclusion

A single OFDMA symbol based ranging signal design for initial ranging in a wireless
mobile OFDMA system is proposed. Our proposed ranging signal design can be treated
as a resource efficient approach. A ranging scheme that provides accurate multiple RSS’
timing estimate is presented as well. Our approach is based on the idea of projecting the
received multiple ranging signals onto the'null:(noise) space. No information about the
active RSSs’ strengths are needed in-our proposal.. Numerical results have demonstrated
that the proposed solution is capable of offering excellent detection and false alarm
probabilities performance and provides a good timing estimate for multiple active RSSs.

Besides, a novel BCH code based ranging signal design approach for ranging appli-
cation in a wireless mobile OFDMA system is proposed. The ranging sequence family
offers lower PAPR values and cross-correlations. Dummy data are inserted in reserved
tones to render much improved PAPR performance. Our proposed sequences can be
compressed and reconstructed with simper implementation as well. Numerical results
indicate that for a given detection probability, the proposed solution is indeed capable
of offering improved false alarm probability performance and lower PAPR values.

Based on the knowledge from designing ranging sequences, we propose a two-step
uplink synchronization for pico/femtocells. First, the pico/femtocells perform timing
synchronization to the DL timing of the serving macrocell. The assisted information is

carried via broadcast channel to announce the timing advance value of pico/femtocell.
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The femto user will follow the instruction and adjust its uplink timing to prevent from
interference. Simulation results show our timing advance signal can reduce the false

detection probability of ranging sequences.
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