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THE ACTUALITY AND FORECAST OF IT INFORMATION TECHNOLOGY

ZHAO ZI-SEN
Wuhan Research Institute of Posts and Telecommunications

Hubei Wuhan 430074 China

Abstract: The report begins with fiber communication, wireless communication, Internet and tri-networks integration,
relates to communication, broadcast, computer, component and others area. The present and future of IT information
technology is introduced to reader. The report content is wide, deep, accademic and interesting, explains profound
things in simple ways and coming with pictures and words.
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BASIC REQUIREMENTS OF ELECTRIC AND ELECTRONIC FUNDAMENTAL
COURSES AND PROFESSIONAL ACCREDITATION OF ENGINEERING EDUCATION

WANG ZHI-GONG

Southeast University, Nanjing, 210096 China

zgwang@seu.edu.cn

Abstract: This paper introduces the background of the preparation of the basic requirements of electric and electronic
fundamental courses. The prophase works are briefly reviewed and the works in 2010 are put forward. Then, the
necessity and the standards of the professional accreditation of engineering education and its relationship with the
reform of the engineer system are given. At last, some respects of the professional accreditation of engineering
education are discussed.

Keywords: Basic requirements of electric and electronic fundamental courses, professional accreditation of
engineering education; engineer system
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MULTIMEDIA SERVICES OVER WIRELESS INTERNET WITH DATA AGGEGATION

LU JIAN-HUA, XING TENG-FEI, DENG HUI, TAO XIAO-MING
Department of Electronic Engineering, Tsinghua University

Beijing 100084, China
lujh@wmc.ee.tsinghua.edu.cn
Abstract: This paper proposes a data aggregation scheme over wireless Internet for efficient multimedia services. The
proposed architecture supports aggregate broadcasting of multimedia services according to user behaviors in wireless
Internet. The service requirements from various users are aggregated by sufficiently utilizing the similarity of content
demands in time and space and inherent delay tolerance in multimedia service deliveries. Specifically, two service

aggregation schemes are proposed in time and space respectively. It is demonstrated that the proposed framework
may provide quite improved spectrum efficiency that is critical to wireless Internet.

Keywordst: Data Aggregation; Wireless Internet; DelayTtolerance; Broadcasting

1. Introduction

During the last decade, wireless Internet has emerged as a promising way to provide multimedia services to
mobile users and devices. Wireless Internet enables mobile email access, Web searching and even multimedia
streaming possible from smart phones and roaming mobile computers. Furthermore, wireless Internet services
have been available for years but are now becoming easier to find and more affordable. Wireless Internet
services are based on Wi-Fi, WiMax, cellular and other state-of-the-art technologies. For example, it is expected
that multimedia traffic will exceed voice traffic in wireless cellular networks soon. Meanwhile, multimedia
service with a high data rate and low cost has become a goal for wireless Internet.

With efficient wireless transmission technologies, such as OFDM"Y, MIMO™, and Turbo coding Bl the
frequency efficiency has been greatly improved. However, the cost of multimedia service is extremely high in
wireless internet due to great bandwidth requirements. On the other hand, the data transmission with
broadcasting technology costs low. For broadcast services, the video/audio data will be broadcast to all users
only once, saving much bandwidth especially compared with unicast services, for which the data need to be
transmitted N times for N users even if they require the same data.

The effort to add broadcast/multicast support to 3G networks dated back to 2002 when 3GPP started adding
broadcast/multicast service to GSM/WCDMA. This work item is called Multimedia Broadcast and Multicast
Service (MBMS). The specifications of MBMS were functionally frozen in 2004/2005*' and the advanced
version of MBMS, Evolved Multicast Broadcast Multimedia Service (eMBMS), was defined in Release 9 of the
3GPP specifications™ It is no doubt that MBMS will be included in IMT-advanced system.

To date, most research on broadcast/multicast focuses on transmission methods such as those for mobile TV
and audio-video conferencing!®. Suh and Mo 'showed that the multicast capacity would be saturated as the user
number increases. Accordingly, they proposed a subcarrier/bit allocation method for multicarrier multicast

services to support high throughput and proportional fairness among users. Kim et al.”™ proposed a resource
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allocation scheme in an OFDM multicast system with focus on minimizing power consumption. Likewise, the

11 provide different

video coding technologies like layered video coding®or scalable video coding
broadcast/multicast video qualities according to the user channel bitrates. Jiang et al.'! proposed an MBS
(Multimedia multicast and broadcast service) architecture for mobile WIMAX to enhance service quality.

However, in wireless Internet, a great amount of multimedia services are provided to users by unicasting
way. Because of the cost advantage of broadcast/multicast schemes, utilizing them in common unicast services
will further improve spectrum efficiency with reduced bandwidth consumption. In order to further exploit the
benefit of broadcast/multicast technology, this paper proposes a new wireless data communication system
architecture, called Aggregate Data Broadcasting System (ADBS), which takes advantage of the
broadcast/multicast technology incorporating user behavior.

The proposed ADBS is out of our awarded national basic research program in China (973), i.e.,
multi-domain collaborative broadband wireless communication, which commenced in 2007"'%. The
multi-domain refers to service domain, resource domain, and user domain, etc. Specifically, the ADBS
aggregates multimedia services in time and space domains according to service requirements and user behaviors,
while aggregated services are delivered with multicast/broadcast for quite improved spectrum efficiency.

The rest of the paper is organized as follows. Section 2 proposes a framework of ADBS over wireless
Internet. Accordingly, Section 3 presents two types of aggregate services, including aggregation in time/space

domains. Finally, Section 4 concludes the paper.
2. Framework of ADBS over Wireless Internet

The main idea of the ADBS is providing multimedia services to multiple users in a broadcasting way. To
achieve this, user behavior in time and space, as well as, the similarity of content demands from multiple users,
different aggregation schemes for data broadcasting should be considered. Also, the aggregated services should
be delivered by adaptive broadcasting supporting heterogeneous terminals and different channel conditions. By
doing so, users still get the services they expect on time with acceptable quality, with no perceptible change in
the method by which the service used to be provided. In the meantime, the system could notably improve the
user experience and the user volume with the help of aggregate data broadcasting. The proposed framework of

ADBS over wireless Internet is shown in Figure 1.

. Spectrum-Efficient  Aggregate Service
User Behavior Aggregate Service Delivery
Service Requirements
Aggregation
Delay Tolerancein _ | Aggregation Service Delivery
Service Requirements in Time L= Through Adaptive
Broadcasting
Mobility Model & _| Aggregation ?
Location Distribution "| in Space
Heterogeneous
f Terminal
Service Demands Capabilities and
with Similarity Channel Conditions

Fig 1 Framework of ADBS over wireless Internet.



In Figure 1, user behavior refers to delay tolerance in service requirements, mobility model and location
distribution, etc., which are important factors affecting service models. By analyzing the various behavioral
attributes of users in a system, the relationship between user behaviors and service models may be obtained. The
similarity in content demands can be exploited to reduce resource consumption as long as properties of user
behavior are well known and utilized, and then data broadcasting may be properly designed and implemented.

Several components of user behavior may include:

1) User habits in application experiences, such as distribution of total duration of each communication
session, frequency of access, distribution of location and mobility model during each session, distribution of rate
and quality requirements of service, distribution of preferred service types, and most often contacted
communication partners, etc '/,

2) Personal relationships among users.

3) Total resource consumption of each communication session.

4) Inherent delay tolerance in service demands with respect to real-time transmission.

The most important part of the framework is multimedia service aggregation with different times and
locations of requests. When services have some inherent delay tolerance, the base station may have the option to
hold the requests for a certain time period, gather requirements for the same content from several users, and
broadcast the message only once. This is the basic idea behind aggregation in time. Traditionally, these services
are provided by unicast, which has rather low spectrum efficiency.

Likewise, in a cellular system with multiple cells, the same content for different users in different cells is
often transmitted through unicast or separate broadcast in each cell. This again suffers a low spectral efficiency
method. The same content demands may be aggregated and broadcast only once when the user behavior
information, such as mobility and location distribution models, is known at base stations. With this information,
base stations may carry out broadcasting when users from several cells gather in its communication range.

After the aggregations are implemented, data broadcasting still faces a major challenge with desirable
adaption towards different terminal attributes including channel condition and processing capability. For instance,
wireless networks are typically characterized by a wide range of channel qualities and receiving devices. The
varying channel conditions result from the different locations of a varying number of users. The variety of
devices with different capabilities range from cell phones with small screens and restricted processing power to
high-end PCs with high-definition displays. These heterogeneities pose limitations for broadcasting
configurations when trying to provide the aggregated service to the terminals. As such, aggregated service

delivery technology for broadcasting is also included in Figure 1.

3. Aggregate Services Based on Broadcasting over Wireless Internet

As mentioned above, ADBS is to change the way of point-to-point multimedia services possibly to the
way of point-to-multipoint by the use of inherent broadcasting property of wireless Internet. Mobile TV and
alert messages are mostly broadcast oriented, thereby all users getting the same content at the same time
without any specific requirements. On the other hand, the statistics from an operator in China show that
more than 60% of networks' service loads are arbitrary downloads (Figure 2)/'..
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Fig 2 Throughput distribution of an arbitrary port of an operator in China

which maybe potentially serviced by the way of point-to-multipoint if the similarity of content demands can
be utilized by sending those data in an aggregate broadcasting way instead of unicast. For example, statistics
gathered from the website www.sina.com show that 10% of the point-to-point content downloads during a 30
minute time period, fall on the hottest news item. It is demonstrated that the bandwidth consumption can be
decreased 80% as long as 20% of the most requested information is provided through broadcasting [

The goal of the ADBS system is to provide high spectrum efficiency and wide area coverage to a large
number of users, and improve system capacity and data access rate under high traffic load conditions. In the

sequel, we will show the basic principle of aggregation schemes in time and space, as well as their potential in
improving spectrum efficiency.

3.1 Aggregation in Time

The data demanded by multiple users in an interval of time can be aggregated and broadcast to the users in
order to save wireless bandwidth. The users' data communication cost will be then decreased greatly if they share
information with the same spectrum.

The services likely have some inherent delay tolerance. This gives the base station the ability to hold the
requests a certain time period, gather requirements from several users for the same content, and then broadcast

the message only once. Figure 3 illustrates an aggregation in time domain.

&

Fig 3 Aggregation data broadcast in time.
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As an example, consider a single cell with 100 users and assume that there are 1000 items of information or
service provided to the users in the cell. The item arrival process for each user is modeled as a Poisson process
with mean arrival rate a=0.5 (item/slot). The slot duration can be set according to the service model. For this
example, we assume a uniform probability distribution for each user’s request item. The required bandwidth for
transmitting any item to any user is assumed to be the same. Figure 4 shows the ratio of the bandwidth required

by the broadcasting method of aggregation in time over the traditional unicast method.
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Fig 4 Bandwidth requirement ratio using aggregation
in time under different time window sizes.

It is found that the bandwidth required ratio reduces gradually when increases the aggregation time window
size. Here the time window size is the time period that the base station holds the request, and is set according to
the delay tolerance of services. When the time window is set to 20 slots, we can save nearly 40% of bandwidth
by using the aggregate in time method compared to the traditional unicast method. Note that the delay will
increase with the length of aggregation time window. Also, there is a tradeoff between the bandwidth
requirement and wait delay.

The uniform probability distribution in the example above may not be realistic since users often request

“hot” items. To investigate this, we introduce three non-uniform density curves (see Figure 5).

x 10°
8
----- P1
6 —rmn—n- P2 |
---------- P3
al P4

Probability density function (pdf)

0 200 400 600 1000
Item label

Fig 5 Probability density function of the arrival item.
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In Figure 5, P1 refers to the uniform probability distribution of users’ request item while P2, P3, and P4
indicate that the request hot items are concentrated on the first 500, 250, and 125 items, respectively. Figure 6
shows the resulting bandwidth requirement ratios for a time window size of 10 slots. It is observed that the
bandwidth requirement ratio decreases significantly when user requests are focused on fewer hot items.
Compared with the situation when the probability density function (pdf) of arrival item is P1, the bandwidth

requirement decreases about 50% when the pdf of arrival item is P4.

0.8

0.6

0.4

0.2

Bandwidth requirement ratio
with respect to unicast

0 P1 P2 P3 P4
Distribution index

Fig 6 Bandwidth requirement ratio using aggregation
in time under different arrival item pdfs.

3.2. Aggregation in Space

Figure 7 illustrates the transition to aggregation in space.

Fig 7 Aggregation data broadcast in space.

When an event that causes users to congregate in certain cells occurs, service demands in these cells may
require the same content, with some inherent delay tolerance. Without aggregation in space, the same content for

different users in different cells is transmitted through unicast or separate broadcast in each cell. Whereas with



aggregation in space, the base station can broadcast the message after several users with

the same content demand move into its coverage area. This method of aggregation requires that the base
station knows the mobility model of users so that the base station may properly allocate resources according to
the predicted locations of users. This process may potentially reduce resource consumption and yield higher
spectral efficiency of the system.

To illustrate the advantage of aggregate data broadcasting in space, consider four adjacent cells in Figure 8.

& & & & = &
g (99 & & ((97) &
& &£ & &
o—

(G
& User é Base station

Fig 8 A 2x2 cellular system with square shaped cells.

The square coverage area of the cell is convenient for analysis and reasonable for network simulations "%

Each cell is assumed to be 1kmx1km, and to initially comprise 50 uniformly distributed users. These users will
move, in turn, towards a certain spot in the first quadrant cell. There are several state-of-the-art human mobility
models based on statistics of real user traces and analytical fittings "', These models can reproduce mobility
patterns of humans and are helpful in simulations and performance analysis.

Since the mobility patterns of outdoor users have features close to Levy Walks '), we use the Levy-walk
(LW) mobility model ' to emulate user mobility. In the LW model, the total movement of a user consists of
multiple steps. Each step is represented by four parameters, step length (/), direction (6), motion time (A#) and
pause time (Af,). Here, / and At, approximately follow inverse power law distributions. The moving speed is
decided by a relationship between step length and motion time: Atf=kll 7, where p =0.79 and k= 18.72 when / <
500m. Adjusting k results in different average moving speeds. Moreover, 6 follows a uniform distribution
between 0 and 90° for a conditional random walk towards the first quadrant cell. This assumption has some
deviation from realistic scenarios since users may move backwards during the trip, yet it does not affect our
analysis principally.

There are 1000 items of information or service assumed to be provided to the users in the cell. The item
arrival process for each user is modeled as a Poisson process with mean arrival rate a=0.5 (item/second).

Likewise, a uniform probability distribution for each user’s request item is included in the simulation. The
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required bandwidth for transmitting any item to any user is assumed to be the same.

According to '™

, mobility models reflect social contexts among people who are sharing common interests
or customs. These social contexts include:

1) Gathering: different people visit the same places during daily lives;

2) Regularity with spontaneity: each person often keeps a daily routine of going to the same place, yet with
a few irregular visits to other places.

These contexts show that people do not randomly choose where to visit and when to do so. Accordingly, the
average user moving speed is a key parameter in setting up the proper mobility model. Therefore, LW model
may bring out the unique performance feature of our space aggregation mechanism with proper parameter
settings, especially the setting of the direction # and the average moving speed. For example, when most users
are moving towards a same destination area, the degree of user aggregation will increase when the moving speed
gets higher. This means that when the aggregation time window is fixed, more users will move to the same area
covered by a single base station with a higher moving speed, thereby more service requests from different users
can be aggregated. Figure 9 shows simulation results of the relationship between user moving speed and

bandwidth consumption.
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Bandwidth requirement ratio
with respect to unicast
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Fig 9 Bandwidth requirement ratio using aggregation
in space under various average user moving speeds.
We find that the bandwidth requirement ratio reduces gradually when increasing the moving speed. When
the moving speed is set to 3.5km/h (regular walking speed), we can save more than 50% of bandwidth by using

aggregation in space compared with the traditional unicast method.
4. Conclusions

In this paper, a data aggregation-broadcasting framework for wireless Internet is presented. User behavior is
included to exploit the similarity of the common unicast service requirements from various users in content
demands, request time and space. Accordingly, two aggregation data broadcast schemes, aggregation in time and
space, are proposed. Sample examples show that the aggregation in time and in space may save the bandwidth

requirement significantly, which is quite promising to be applicable to wireless Internet.
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Abstract: For increasing spectrum efficiency in a broadband mobile system, we develop a hybrid multiple access
(HMA) technique applying on Comb-Spectrum CDMA (CS-CDMA) which combines OFDM, CDMA and TDMA in
one system, for realizing a single-frequency seamless-coverage cellular system. In the cell structure, we proposed
that the HMA system uses OFDM in the inner cell of each cell to provide high data rates for the mobile units near the
base station and uses CDMA at the outer cell of each cell for the mobile units to combat inter-cell-interference (ICI)
from their signals. To explore the potential of applying CS-CDMA, we developed a new method, called orthogonal cell
codes (OCC), to nullify the ICI from neighboring cells. Also we integrate TDMA into the system for saving the
bandwidth consumed by the pilots. Because deploying a broadband HMA system can take all advantages of a full
OFDM system, we show how CS-CDMA can compensate the weakness of OFDM by suppressing the ICI in a statistic
manner and avoid the complicated calculations using the scheduling methods over the OFDM sub-carriers. For
testing the spectrum efficiency of this approach, a simulation has been carried out. The simulation results show much
better performance from HAM system in comparison with that from LTE. Finally, to realize a HMA system, the
major parameters of designing a HMA system have been given in this paper.

Key words: HMA;CS-CDMA;OFDM,OCC;LTE

1. Introduction

The requirement of a fourth generation (4G) system has been specified by ITU to provide ubiquitous and
seamless broadband wireless services with high spectrum efficiency and low system complexity. 4G will have
broader bandwidth, higher data rates, smoother and quicker handoff in providing voice-, data- and video service
with respect to high quality of services. In the present literature, the authors are trying to find a reasonable
solution to achieve high spectrum efficiency by including OFDM, CDMA and TDMA in a system for utilizing
advantages of having each of them and compensating the shortcomings from each other as explained below.

OFDM has been chosen as a key technique of 4G due to the lower complexity of its equalizers in dealing
with the large delay spread channels, and a better utility in providing high data rates" . In addition, the use of
sub-carrier structure enables the radio resources scheduling methods and the simple implementation of MIMO

B4 A family of OFDM systems has been successfully shown

that can increase the system capacity effectively
in the wireless LANs, such as WiFi and WiMAX, delivering broadband Internet services. However, to use full
OFDM systems in scenarios of seamless coverage from cell to cell can face challenges of strong ICI due to the
sub-carrier to sub-carrier interference, and the scheduling methods do not solve the problem when a desired
mobile suffers from fast fading channel or low signal to interference-plus-noise ratio (SINR) at cell edge.

On the other hand, spread-spectrum techniques, traditional used for anti-interference and anti-jam "°!, have
been well developed for code division multiple access (CDMA) systems that can suppress the ICI in a statistic

6.

manner Actually, the use of voice intermittence behaviors allows a reduction in the number of active codes
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cannels at 3/8 1! and, thus, supports a SINR gain more than 3 dB ®. The success of CDMA in winning the
competitions over third generation (3G) of mobile communication lies in the fact that it can utilize the same
(entire) spectrum to cover the traffic in all cells with high system capacity and achieve reliable handoffs across
the cells "' Actually, the capacity is interference limited, rather than the bandwidth limited as found in the
other systems including OFDM systems. Moreover, in a network deployment, the use of spreading spectrum
can provide relative stable signal powers at receivers. Thus, the system performance is found very robust!'"

However, applying the conventional CDMA to broadband transmission systems has been failed due to the
strong self-interference problem, which needs very complicated techniques, e.g. using multi-user-detection to
solve it ['*

Though CDMA was hanging-up its applications to the next generation system due to its multiple access
interference (MAI), we need to reconsider it as long as 4G systems still require to work with a spread spectrum
(single frequency) signal coverage and a voice service. In fact, several new CDMA techniques have been
developed, such as MC-CDMA, CP-CDMA, and CS-CDMA (13-151 A1l of them allow MALI free or quasi-free
with help of zero forcing equalizer or MMSE equalizer, respectively. Further, an attempt of combining OFDM
and MC CDMA has been published for the use in Down Link (DL) channels, thereby a mobile station (MS) uses
MC CDMA near the Base Station (BS) and uses OFDM at cell edge '®"  However, this proposed access scheme
is found mismatching the advantages of the CDMA and OFDM, since the CDMA does not help the use of entire
spectrum to seamless coverage and the OFDM operates, essentially, on frequency reuse scheme that requires a
larger bandwidth of spectrum in the network deployment.

To address the above mentioned problems, we develop a hybrid multiple access (HMA) technique applying
on CS-CDMA to combine OFDM and TDMA for increasing the spectrum efficiency of broadband mobile
systems. The CS-CDMA helps the use of entire spectrum to cells’ coverage with assistance of a new technique,
called orthogonal cell code (OCC) to nullify the ICI from contiguous cells. The reason of using CS-CDMA can
be found for its simplicity of hardware implementation and high efficiency of obtaining diversity effects making
it superior to the three new CDMA schemes mentioned above. In the system design, CS-CDMA code forms a
comb shape of a CDMA signal in the frequency domain and allows the OFMA signal to be inserted into the gap
of the comb spectrum. These two different spectrum structures are mixed together, however, maintaining their
orthogonal property. Therefore, no interference between these two signal structures will occur over a DL channel
when a mobile is in static state. In the system operation, the HMA uses OFDM in the inner cell of a cell to
provide high data rates near the base station and uses CDMA to combat ICI at the cell edge of a cell. In
addition, we integrate TDMA into the system for saving the bandwidth consumed by the pilots. Finally, we
develop a new synchronization and pilot codes, which enable the signal processing to be free from the ICI that is
from the contiguous cells, due to the use of zero correlation zone (ZCZ) codes '

The proposed techniques introduce in this study are primarily to solve the ICI problem in view of cellular
structure. Some advanced techniques, e.g., adding MIMO technique are not precluded in the basic design of
HMA, but do not include in this paper due to the limitation of the length of the paper. The description of the
paper is organized as follows. Section II shows advantage of CS-CDMA with assistant of OCC for nullifying the
ICI causing from contiguous cells. The system of combining CS-CDMA and OFDM is developed in section III,
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and the integration of TDMA in the system is explained in section IV. Finally, the new designs of

synchronization codes and pilot codes as well as some of the system parameters are presented in section V.

ek

In the paper, the notation K, N, N',J, [,n, n',i,jand & are integers and the upper-scriber denotes

the conjugate operation.

2. CS-CDMA with OCC'’s assistance

In order to explain the role of CS-CDMA in a HMA system, we introduce, first, CS-CDMA Bland the
orthogonal cell code (OCC) technique, then, explain how they work together in suppressing the ICI by using a

statistical approach.
2. 1. Brief review of CS-CDMA

Let define a conventional code vector, C, with its component, Ck[ﬂ], as the mother code, where
£ =0,1,2,..K —1 denotes the chip index of the code. There exists K orthogonal mother codes indexed by

k=012, ,K-1.

By repeating a mother code for N times in time domain, we construct a repeated code vector, C, with M =

KN in length. The component can be expressed by

N-1 -

e lil= D e li-nK],

for i=0,1,2,.M —1 (1

with the condition ;k[ﬂ]EO for f<0 or f>K-1.

The 0™ group codes can be obtained by grouping the K orthogonal codes as described in (1). By adding a
Cyclic Prefix (CP), we complete the construction of the 0™ group of CS-codes in form of C 20) (i) with the

components of c,ﬁo)(i) expressed by

o (i+M—-L,) 0<i<L, -1

2
(i~ L,) L,y<ism+r, -1 @

0) /-
e () -
where ch is the length of the CP in number of chips.

The other (N-1) groups can be obtained by shifting the first group codes in frequency domain sequentially
with a frequency space Af, = 27m/KN for N=1,2,..N-1.

The physical insights of CS-CDMA can be shown in Fig.1 with the following explanations.
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Fig.1 The spectrum of conventional CDMA and CS-CDMA;(a) the
spectrum of conventional CDMA ,(b) the Comb spectrum of CS-CDMA.

By assuming chip duration 7, one can find, in Fig.1(a), that the baseband bandwidth of conventional

CDMA is W, = 1/T .- Repeating a CDMA code, i.e., the mother code, for N times in time domain will
1
divide the spectrum into K sub-carriers with equal frequency space Af = W The shape of comb spectrum

is formed with each sub-carrier bandwidth of

w, 1
B =—-=—— 3)
KN  KNT,

where B is bandwidth of the sub-carrier (see Fig. 1(b)).

It is noted that the bandwidth of the sub-carrier of CS-CDMA can be accommodated rather freely by
adjusting N.

By using CS-codes to generate code channels, the design of CS-CDMA signals is complete. In the

operations, the transmitted signal can be expressed in chip level by

—1K-1
o ( ) .
s@)=.>.d{"c” (i) 4)
n=0 k=0
where §(7) is the transmitted signal and d ,E") is the information symbol. The letters 7, n and k are the
indices of chip sequence, group number and code channel, respectively.
By removing the CP from the signals, the receiver uses the hopping accumulator in time domain to separate

[15].

the 0™ group from the others at the receiver The separated signals are formed in a circular convolution

between the channel and the mother codes expressed by

OB =AINS S (D e (BY< f— 1]

1=0 k

for f=0,2,..K -1 (5)
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where 7" , B, h(l) and d ,EO) are the signal of 0™ group, chip sequence, the channel gain factor of the
Ith path in time domain, and the information symbol of kth code channel in 0™ group, respectively, and <-> %
denotes modulo operation.

The nth group signals can be separated in the same way of using the above hopping accumulator after we
move the group to the position of 0™ group in frequency domain.

2.2. OCC method for CS-CSDMA

It is a motivation to find ways to nullify ICI in a cell caused from the contiguous cells, we develop a method
of using orthogonal codes to assign codes to cells in a cluster. We define J orthogonal codes as orthogonal cell
codes (OCC) to be used in a cluster of size J, where J = 34,7, or 11. The OCC can be expressed in

vector, C j(acc) , with components of ¢ j(m) (&), where £=0,1,..,J —1. The orthogonality is expressed by

J-1 * 1 =
e (@) (5):{0 Y (6)

<Cgocc) . .
J#J

et =
£=0
where < | > denotes inner product operation, andj and & indicate the cell and symbol sequence, respectively.
The method of using OCC in a general case can be found in appendix A.

Let us temporally assume that CS-CDMA uses entire spectrum to cover each of the cells in the cellular
system. We choose J=3 in applying OCC to make full-code channels of the groups of CS-CDMA, i.c., each of
the group uses full code channels. The cellular diagram is plotted as shown in Fig. 2(a). The ICI nullification
for a general case is derived in Appendix A. By sacrificing the bandwidth efficiency of 1/3, the SIR can be
increased significantly. Then, in a burst type of the transmissions, CS-CDMA can take the advantage of

reducing the number of code channels, i.e., the number of the active channels (like that appeared in voice

communication) from the interfering cells as shown in Fig. 2(a).

(a) ACluser (J=3) (b) A Cluser (J=3)
; (a) OCC in cluster of J =3, (b) conventional case of CDMA.
Fig.2. The diagram ICI
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Without losing generality, we need consider only the 0" group in the application of OCC, because it can be
separated from the other group in frequency domain and each of the other groups can be converted to the form of
the 0™ group. Assuming that the mobile channel can be modeled by a block fading channel with a length of

three symbol durations in the bock, the transmitted signals of jth cell can be expressed by
YD) = (&)s ()

for £=0,12,-- (7

K-1 . , , .
with s (i) = Z d,io)(])cl(co)(j) (7), where y(j) (&,0), C}occ) (&)and s,((") are the transmitted signal, the
k=0

OCC code and the signal of CS-CDMA of 0" group of the jth cell, respectively. d ,EO)(” and C,ﬁo)(j) (i) are the
information symbol and the CS-code of the 0™ group in the jth cell, respectively.

Assuming that the signal transmissions of all cells are synchronized at chip level, the ICI causing from the

same group in the contiguous cells can be nullified by the use of OCC as described in Appendix A. The signals

of the desired cell, e.g. j'th cell, can be separated chip by chip as

B ANE S0 O, BI<A-1 5] ®

which can be used in the signal processing of CS-CDMA for the demodulations !'*
Now, we take the nearest interfering cells into account to calculate the SIR for a MS traveling along the line

from point A to B (see Fig. 2(a)) by

1

(occ) _
SIR© = —
2 (d/Di(occ))4

)

where SIR?<© , d and Dl.(occ) are the SIR measured at the MS, the distance between the mobile and its

BS, and the distance between the MS and ith interferencing cells.
The numerical results of (13) are shown in Fig. 3,

in which we make a parallel comparison between SIR of (13) and with a conventional CDMA with
loading factor of 1/3 in an environment of Fig. 2(b). The results of the conventional CDMA are marked

by SIR'“ | which are calculated by substituting in Fig. 2(b) for Dl.(occ) in (13) with a multiplication of

de-spreading gain, G=3, to SIR. In view of the results of the both, one can find that OCC method can achieve
SIR, =11.5dB at the cell edge, while the de-spreading of the conventional CDMA can achieve only 1.76 dB.
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When the MS goes closer to the center of cell, the SIRs of both go up and the difference of the two becomes

slight less in comparison with that at cell edge, as found in the curve of SIR‘°““) — SIR“*"
60
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Fig. 3. Comparison of SIR between the CS-CDMA with OCC and the conventional CDMA.

Though the above results are obtained based on long-term large scale path loss model, they are good
approximations without taking short-term fading into account. It is because the broadband channel can have the
bandwidth much greater than that of coherency bandwidth. The ergodic nature applies to some extent and

mitigates the short-term fading.

3. Combination of CS-CDMA and OFDM

In this section, we will introduce a method of combining CS-CDMA and OFDM in a single carrier. The role
of CS-CDMA assisted by OCC is to provide seamless coverage and that of OFDM is to provide high data rates
around BS in the inner cell.

To construct a CS-CDMA and OFDM combined system, we construct the sub-carrier bandwidth and CP of
the CS-CDMA signals equal to that of OFDM signal. A portion of groups of CS-CDMA is used and the OFDM
sub-carriers are inserted into frequency vacancies of CS-CDMA. Considering of matching the standard format
of LTE, we construct the OFDM into sub-carrier blocks, each of which has 12 consecutive sub-carriers as shown

in Fig.4.

— OFDM

»
>

Fig.4. Spectrum of CS-CDMA&OFDM; the green curves show the spectrum of CS-CDMA and the blue the OFDM.

We name the combined system as “CS-CDMA&OFDM”.
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Because the bandwidth occupation of one group of CS-CDMA is actually 1/N of the total system bandwidth,

there is no bandwidth efficiency loss when we use a full-load operation in the group, i.e. loading the K channels,

which allows the symbol rate tobe R, =(1/KN)K =1/N.

In the system operation, we divide a conventional cell into two layers; (1) inner cell and (2) outer cell as

shown in Fig.5.

Fig. 5. The inner cell and outer cell depicted in the cells.

The mobile should access to OFDM system when it is in the inner layer cell and access to CDMA system
when it is in outer cell. The spectrum structure of all cells is exactly the same, where the signals of CS-CDMA
are modulated by OCC of J=3, for nullifying the ICI causing from the contiguous cells. The signals of the
OFDM are modulated in the same way as that of LTE. Actually, this design enables the OFDM to gain SIR by
the distance isolation among the inner cells of different cells. Finally, the geometric location strategy does not
preclude the voice traffic to be allocated to CS CDMA in both layers.

For maintaining a traffic connection during a call, an intra cell handoff is needed between inner- and outer
cells, and an inter-cell handoff is needed between the outer cells of two cells. Because the inter-cell handoff is

taken between two CDMA signals, soft handoff can be applied as it does in the conventional CDMA systems.

Now, we compare the CS-CDMA&OFDM system to that of a full OFDM system, e.g. LTE. Actually, we
need only to compare the performance of CS-CDMA with that of OFDM, because the performance of running
OFDM signal in CS-CDMA&OFDM system should be not much different from that of LTE, even in case that of
using the scheduling methods. As mentioned above, the role of CS-CDMA is to combat the ICI. We compare
the two systems for the achievable spectrum efficiencies near the cell edge. The channel model of Extended
TUG6 is used in both systems for the channel simulations. In LTE system, we map the S/R values to the channel
quality information (CQI) as specified in the LTE standard.

The simulation results have shown the achievable spectrum efficiency at a given BER = 10~. The MS of
CS-CDMA uses a MMSE receiver to process the signals and the MS of LTE. Assuming that both receivers have
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delivered channel information properly, we obtain the achievable spectrum efficiency of CS-CDMA from the
simulation results. The spectrum efficiency is even slightly larger than 0.2 bps/Hz at cell edge, i.e. d/R =1 (see
Fig.2). In comparison, we find that LTE can only be operable up to d/R= 0.8, where the notations d and R are
the distances between BS and MS and that of the cell radius in Fig. 2, respectively. At d/R = 0.6, the spectrum

efficiencies of both are near 0.4 bps/Hz as shown in Fig. 6.

0.35|
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)
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Fig.6. The comparison of spectrum efficiencies between CS-CDMA with OCC and LTE.

The above results indicate that the CS-CDMA with OCC can achieve much higher spectrum efficiency than
LTE in the spread spectrum coverage environment, when no other radio resource scheduling method has been

used. This is often the case being used in low SIR or/and fast moving users.
4. Integration with TDMA

The motivation of integrating TDMA into HMA is for saving the bandwidth consumption of pilot channels.
Let consider a time multiplexing pilot design with a focus on time interval between two pilots. As being

[18~19]

well described in , the time interval should be within the coherent time of the user’s channel

I =Alv (10)

where I, is coherent time, v is speed of the MS and A is wavelength of the carrier. It is obvious that the
larger the speed the mobile moves, the shorter the coherent time appears. For supporting high mobility, the
conventional system constructs the time interval according to the highest speed, e.g. 360km/h, and, thus, adopts
the shortest coherent time of all users. In a sub-carrier system, the bandwidth efficiency of the pilots can be
calculated by

n,=l-y, an
with
v, =(m, /m)T,/T,) (12)

where 77, represents the bandwidth efficiency, i, is the bandwidth reduction factor due to the
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consumption of pilots, m and m are the number of total sub-carriers and that of the sub-carriers occupied by

the pilots respectively. 7, and I', are the time spacing between pilot symbols and coherent time, respectively.

To support fast fading channel with smallest coherent time can increase the bandwidth reduction factor or in
other word, can reduce the bandwidth efficiency significantly. This low bandwidth efficiency problem has been
raised in LTE design.

Actually, we should intuitively realize that the bandwidth in the conventional system design stated above
has been over consumed, when we notice that not all users move at the highest high speed. Owing to save the
bandwidth, we design the pilots’ time interval based on a relative low speed, e.g. 120km/h, rather than the
highest speed, i.e. 360k km/h. Thus, the bandwidth reduction factor expressed in (12) can be reduced to 1/3 in
respect to the conventional design. Yet the new design can still support some of the users moving at the highest
speed, i.e. 360km/h. by scheduling their transmitted information data to their positions close to the pilots in the
time domain. The maximum number of the highest speed users can be, roughly, at 1/3 of total users. For
those users who move at a lower speed, the BSs will schedule their information data to the positions relative far
from the pilots as shown in Fig.7. 'We show the two designs, one is the conventional pilot design and the other

is the proposed pilot design. The highest speed that users move is at 360km/h in two designs.

360km/h 360km/h
1 : 1 1 1
Conventional | ( X X ( )
: pilot | ( pilot ( pilot | pilot P
pilot design ' \ ' ' '
360km/h 360km/h
1 : 1 : 1 1
1 : 1 1 1 1
Proposed A —Cpilor - — : —Cpitt. —
pilot design I - ! ~" /‘ ! !
120 km/h

Fig.7. Two pilot designs are given: the above one is the conventional
design and the lower one is the new proposed design.

Because of the dynamical arrangement of every user’s information data at its transmitter, i.e. the
information data of the various-speed users are placed in different distances to the pilots in the time domain, each
receiver has to access those data in TDMA manner. Thus, we name this technique as TDMA when it is integrated
into HMA. However, TDMA does not support the large number of users moving at highest speeds. Therefore it
is a drawback of having TDMA integrated into HMA. Nevertheless, in reality this would not be the case.

5. HMA Design

Before presenting a HMA design in a system level, we introduce a new design of synchronization codes and
that of pilot codes as explained below.
5.1. Synchronization code design

This subsection proposes a new synchronization code design aiming at combating ICI in HMA system.
The synchronization of the DL signals requires finding the time- and frequency offset. As has been known, the

synchronization accuracy is limited by the particular code design and the algorithm used as well [ 7
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In designing a synchronization code, we first select one zero correlation zone (ZCZ) code and repeat it in

time domain twice as follows
~ ()

S B=Z,(p)+Z,(f-N")
for f=0,12,..,2N' (13)

where Z (/) is the ZCZ code with Z () =0for f<0 or 2= N' ~ Nis the length of the code,

i.e. number of chips. The orthogonality of the codes can be expressed by

S 2B (p1) =$ e .

' —
n=0 mod N' N I=1

with — L, <I<L., where [ andL,, are the relative delay and 1/2 length of the free window!'”!

respectively . An interesting question may be raised for what is the number of the ZCZ codes available to our
synchronization code design. We give the answer in Appendix B.

Secondly, by adding a CP to the ZCZ code described in (13), we complete the synchronization code design

~ ()
) S (m+N'-L.,) 0<n'<L,-1
S (n')= For

~ )
S (n'-L) L <n'<2N'-1

n'=0,1,,2.2N+L_, , (15)

Now, we work with a cell cluster of size J and assign different synchronization codes to different cells in the
cluster. In addition, we assume that all BSs transmit synchronously the synchronization codes. The channels

linking between the BSs and the MS does not vary in the duration of a synchronization code. The received

synchronization signals at a MS can be written as

ys(n)=izhj(l)5“(n—l)+no (16)

=0 1
with A, (n)=0for n<0 or n>L,, where h;(n) and n, are the channel gain factor and the

noise, respectively.
The time offset can be calculated by searching the maximum value of

N-1

n,=> y,my.(n—-N") (17)

n

and the frequency offset can be calculated by
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M=im%wwthﬂ (18)

where N'is the length of the ZCZ code.

The results of (17) and (18) give the time- and frequency offset. Then the MS uses the cross-correlation of
ZCZ to identify the cells by

2N-1 N

Yoo =max{ Y y.(B)S (B }

for j'=0,12,..J-1 (19)

where Y indicates the desired cell.

It is noted that the result of (17) presents a time synchronization to ensure that the calculation of (19) can
fall in the free window of the ZCZ code, and the calculations in a whole synchronization processing expressed in
equation (17), (18) and (19) are free of ICI within the cluster of size J.

To test the performance of this new design in HMA system, we construct four synchronization codes, each
of which is constructed by the ZCZ code having 1024 chips in length with the free window of 257 chips and CP
of 257 chips. The simulation is done for using the four synchronization codes to a cluster of J=4 cell in a 19-cell
environment. The synchronization codes are assumed to be transmitted over a carrier frequency at 2GHz with a
chip rate of 20.48Mchip/second. The long-term path loss is assumed in proportion to d l._4, where d; is the
distance between the ith BS and the desired MS. The fading channel is modeled by an extended TU6 channel.
The accuracies of the proposed synchronization codes in HMA system are used to compare with that of a
conventional synchronization in LTE system based on Root Mean Square Error (RMSE). The simulation results

are shown in Fig. 8 (a) and (b) when a MS is in the position of Point A as shown in Fig. 2.

10°

ing(us)
N
o,
'y

CFO Root Mean Square Error(Hz)

RMSE of symbol timi

SNR(dB) ) SNR(dB)

(a) shows the results of time offse (b) shows that of frequency offset.
Fig. 8. The comparison of accuracy between the proposed synchronizati
Method of HMA and the conventional synchronization method of LTE
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In comparison with LTE, one can find that the accuracies of finding both the time offset and the frequency
offset of HMA are much better than those of LTE.

5.2 Pilot code design

Channel estimation is a critical component in communication systems that uses coherent detection
technique to process signals. In the HMA system design, we apply the ZCZ codes, as in the pilots, to support the
channel estimation for MIMO of 4x4 in the DL channel. = We use sixteen ZCZ codes, each of which has 2048
chips in length with free window of 129 chips and CP of 192 chips, to a cluster of 4-cell size. Thus, there is no
any ICI within the cluster as long as the excess delay is smaller than 127 chip durations. The pilot codes are
shown in Appendix C.

We use simulation method to test the performance of channel estimation with an assumption of perfect
synchronization and same channel condition as stated in V.1. The channel gain factor is, first, estimated by the

correlations of ZCZ codes in the time domain.,

19 Ly~

(=3 S =107, )+ Z G+ ) @)

J=0 T
for k=0,12,..,128 with [/ ; =0 (because this assumes the perfect synchronization of time

synchronization). Then, the channel estimates of (20) are transformed to frequency domain by using FFT.
The accuracy of the channel estimates of HMA is compared, again, with that of LTE as shown in Fig. 9.

TUB RER vs. SNR Multicell case
T T T

0.7 T T

~+--New Design Simulation
LTE Simulation

— | —¢—New Design Theoretical Lower Bound H

LTE Theoretical Lower Bound

06t O — — — —

Normalized Channel Estimation MSE

- 0
SNR [dB]

Fig. 9 Comparison between the new design of Channel estimation
of HMA and the conventional design of that of LTE.

One can find, again, much better results of root mean square error (RMSE) for HMA system.

5.3 HMA Design Parameters and Performance

The next generation mobile networks have been a vigorous topic research topic for last several years. The
researchers are approaching to the common goal, i.e. the maximum data rate of 1Gbps for static users and that of

1Mbps for mobile users. They are working from two directions; (1) developing mobile network, primarily, for
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voice communication with seamless coverage and (2) developing wireless network for Internet access
(unnecessarily with seamless coverage). The former is required to support for a large number of users and the
latter for high data rates. The HMA fulfill the performances by applying CDMA and OFDM in the two tasks
which match the two directions mentioned above. CS-CDMA deals with ICI and, thus, provide a distance
isolation for the OFDM system which allows OFDM works in a similar environment as that of wireless LAN.
The design for achieving a ratio of CS-CDMA bandwidth to OFDM bandwidth is an issue to be discussed later
because this relates to a complicated matter with the users and service types””2". However, we present some
parameters of physical layer of the system below to show the basic combinations of CDMA and OFDM in HMA
system.

The digital bandwidth of the HMA system is 20.48MHz with its subcarrier bandwidth of 10 kHz. The CP
is designed at 9. 375 ps . The spectrum of HMA is shown in Fig. 4 and the frame structure is shown in Fig. 10.

Radio Frame (14 ms)

|
|
Subframe (7 ms) !

Subframe #1 Subframe #2

Time Slot(0.875 ms)

TSO TS1 | TS2 | TS7

Pilot
Fig.10. The diagram of HMA frame in time domain.
In considering the bandwidth reduction due to the effective format of CP, the more accuracy in getting
time offset and frequency offset in synchronization code and the ingénious way to getting less consumption of
time intervals of pilots, the HMA design has the bandwidth efficiency of 78% when it supports 4x4 MIMO.

6. Conclusion

This paper introduces a new HMA that combines CDMA, OFDM and TDMA on the purposes of combating
the ICI problem, providing high data rates and saving the bandwidth. The following benefits are found in the
HMA system in comparison with LTE system: (1) The use of CDMA is to explore its ability to reduce the ICI
effects, especially in voice communication and allow the OFDM to work in an area, near BS, with a relative high
SINR, (2) introducing TDMA in HMA can reduce the bandwidth consumption of pilots down to 1/3 and (3) the
synchronization codes and pilots codes are designed to become ICI free from the neighboring cells. Finally, the
system simulations demonstrate an advantage of using HMA at the cell edge because of its spectrum efficiency
superior to LTE in that area. The new HMA system can be easily implemented and operable. The handover
between cells can be done smoothly. A new orthogonal cell codes is used to nullify the ICI from the neighboring

cells. Overall the new HMA system can help in regaining some weakness of LTE system.
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Appendix A : Orthogonal Cell Codes

In the OCC (Orthogonal Cell Code) scheme, the time varying channel is assumed to be a block fading
channel that does not vary in a block of J symbol durations and, however, varies block by block. An

information symbol of a conventional system is transmitted over J symbol durations as modulated by its OCC as
)] — (0cc) )
x (&) =c;(5)s

for &=0,1,J-1 (A-1)

By assuming that all cells of a cluster transmit the signals in synchronization and over the same frequency, we
describe the OCC for both the flat- and selective fading channel as follows.

On a flat fading channel, the terminal receives the signals from J cells as a superposition of them,

J-1
Y& =D hx(©)
! (A-2)

hj C_E'UCC) (&)s )

J-1
J
where h_ ;18 the channel gain factor of the channel from the jth BS to the MS.  The received signals from

(A-2), for J cells, can be written as a vector as Y = {y(O), v,y v(J — l)} The signal of desired cell can
be obtained by <y‘c§5’“)> as

ARGl
4

PR , . (A-3)
_ @SU)ZC§OCQ(§)C§?CQ (§)=hj,s(])
J ¢

where y(j ) is the desired signal with j’denoting the desired cell.

In a frequency selective fading channel, the channel response in (A-2) becomes a vector with an excess
delay, h;(/), 1=0,12,.Lo, —land h,([)=0 for /<Oand />L,,
largest channel delay. In working with a broadband transmission system, we define a discrete modulation
function, f, ij )(ﬂ) , for the signal in the jth cell with f=0,1,2,.M —1, to transmit the information
symbols in parallel in time domain, e.g. with OFDM- and CS-CDMA transmission, at receiver. (Does it what

where L., represents the

you mean?) By using again the OCC scheme, the transmitted signals can be expressed as
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S NOD S M Loy + P Pl
(& p)= (a-)
Cﬁ'()w) () Z fgfj) (Lep — ,B)S;j) I

where f (f) is the modulation function, with f and & are the time- and the sub-carrier/code
channel sequence respectively, and CP is found in (A-4) for [ < ch .

By removing CP from the received signals, (A-2) can be written as

N-1Lcpy

vy &8 =2 h(Lep ~1=P~1)c Y 1 (P (A-5)

j=0 1=0 o

where [ =0,1,2,..M —1 is the time sequence marking the signal samples in time domain and / is the

relative signal delay to the desired cells.

We arrange the results of (A-6) by forming a vector for each given [ as

y(p) = {y @AY,y 2,8y (J —1,ﬁ)}, and calculating <C(])fc

signal cell as

y(,8)> yields the signal of desired

WP =T S Loy == B=1)e O LB (©)
=0 j=0 /=0 o

=2 Ly =1= P (Bl (A-6)

where y(j ) (B) is the signal of j #h cell, i.e the desired cell. It is noted that the valid of equation (A-7)

holds as long as all excess delays are not larger than the length of CP.

The signals of desired cell can be fully recovered from (A-7) when the operation has been taken over
L=0 to f=M —1. Finally, as showing from the above analysis, the use of OCC can reduce the

bandwidth efficiency by a factor of 1./ in most case. We choose a smaller J, J=3 for this application.
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Appendix B: Construction of Synchronization Codes by Using Four Binary ZCZ Codes

According to """, The construction of the binary ZCZ codes is restricted by

where L and Z, denote length of the codes and length of zero correlation zone in number of chips respectively,
and M is the number of the available codes.

codes with length of 1024 chips, and each of the codes has a free window of 257 chips.

L — L022n+m—t M — 2n+l Z — 2n+m—t +1

cz

shown in Table B.
Table B ZCZ Codes of Length 1024
Code
b ZCZ Codes of Length 1024

2EDEDIDEDI121DI1DED1212E21D121D1DE2EDED1IDED121D1DEDI1212E21D121D1DE2EDE
DIDEDI121D1DE2EDEDIDE2EDE2E212EDEDIDED121D1DE2EDED1DE2EDE2E21D1212E21
2EDE2E212EDEDIDE2EDE2E212EDEDIDED121D1DED1212E21D121D1DED1212E212EDE2
E21D1212E21D121D1DE2EDED1DEDI121D1DE2EDED1DE2EDE2E21

7B8B848B8474848B84747B748474848B7B8B848B8474848B84747B748474848B7B8B848B8474
8483B7B8B848B7B8B7B747B8B848B8474848B7B8B848B7B8B7B7484747B747B8B7B747B8B8
48B7B8B7B747B8B848B8474848B84747B748474848B84747B747B8B7B7484747B748474848B7
B8B848B8474848B7B8B848B7BSB7B74

D1212E212EDE2E212EDED1DE2EDE2E212EDED1IDED121D1DEDI1212E21D121D1DED1212E
212EDE2E21D1212E21D121D1DE2EDEDIDED121D1DE2EDED1DE2EDE2E212EDED1DED12
1D1IDEDI1212E21D121DIDE2EDED1IDEDI121D1DEDI1212E21D121D1DE2EDED1IDEDI121D1D
E2EDEDI1DE2EDE2E212EDEDIDED121D1DE2EDED1DE2EDE2E21

84747B747B8B7B747B748474848B7B8B848B8474848B84747B748474848B7B8B848B8474848B
7B8B848B7B8B7B747B8B848B7B8B7B747B8B848B8474848B84747B748474848B84747B747B
8B7B7484747B748474848B7B8B848B8474848B7B8B848B7B8B7B747B8B848B8474848B84747
B 8B848B8474848B7B8B848B7B8B7B74
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In the design of synchronization codes, we construct four ZCZ
The four

synchronization codes are obtained by equation (17) based on the four ZCZ codes mentioned above, which are




Appendix C:  Construction of Synchronization Codes by Using Sixteen ZCZ Codes

As can be restricted by (B-1), we construct sixteen ZCZ codes, each of which 2048 chips in the length and

129 chips in free window. The are shown in Table C.

Table C: ZCZ codes of Length 2048

Code ID ZCZ Codes of Length 2048

1 2EDE2EDE2EDE2EDE2EDE2EDE2EDE2EDE2E212E212E212E212E212E212E212E21D1212ED
ED1212EDED1212EDED1212EDED1DE2E21D1DE2E21D1DE2E21D1DE2E21D121D1212EDE2
EDEDI21D1212EDE2EDED1DED1DE2E212E21D1DED1DE2E212E212EDED121D1212EDE2E
DEDI121D1212EDE2E21D1DED1DE2E212E21D1DEDIDE2E21D121D121D121D1212EDE2EDE
2EDE2EDEDIDEDIDEDIDEDIDE2E212E212E212E212EDED1212EDED121D1212EDED1212
EDE2E21D1DE2E21D1DEDIDE2E21D1DE2E212EDE2EDEDI121D121D121D1212EDE2EDE2E
212E21D1DEDIDEDIDEDI1DE2E212E21D1212EDE2EDED1212EDED121D1212EDED1DE2E2
12E21D1DE2E21D1DED1DE2E21

2 7B8B7B8B7B8B7B8B7B8B7B8B7B8B7B8B7B747B747B747B747B747B747B747B7484747B&B

84747B8B84747B8B84747B8B848B7B74848B7B74848B7B74848B7B74847484747TB8B7B8B847
484747B8B7B8B848B848B7B747B74848B848B7B747B747B8B847484747B8B7B8B847484747B
8B7B74848B848B7B747B74848B848B7B7484748474847484747B8B7B8B7B8B7B8B848B848BS
48B848B7B747B747B747B747B8B84747B8B847484747B8B84747B8B7B74848B7B74848B848B
7B74848B7B747B8B7B8B84748474847484747B8B7B8B7B747B74848B848B848B848B7B747B7
484747B8B7B8B84747B8B847484747B8B848B7B747B74848B7B74848B848B7B74

3 D1212EDED1212EDED1212EDEDI1212EDED1DE2E21D1DE2E21D1DE2E21D1DE2E212EDE2
EDE2EDE2EDE2EDE2EDE2EDE2EDE2E212E212E212E212E212E212E212E212EDED121D121
2EDE2EDEDI121D1212EDE2E21DIDED1DE2E212E21D1DED1DE2E21D121D1212EDE2EDED
121D1212EDE2EDED1DED1DE2E212E21D1DEDIDE2E212E212EDED1212EDED121D1212ED
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Abstract-This paper describes the concept of ubiquitous wisdom networks (UWNs). First, we overview the
development of the traditional intelligence-oriented ubiquitous networks and propose the UWNs. Then, the
introduction of wisdom and the analysis of wisdom nodes in UWNSs are outlined. And then, the architecture of UWNs
is detailed.

Keywords-ubiquitous wisdom networks (UWNs); wisdom; architecture

1. Introduction

The American scientist Mark Weiser proposed the concept of Ubiquitous Computing ™ in 1988, on which

he did considerable researches®™!

subsequently. Based on this concept, Korea and Japan put forward the concept
of the ubiquitous network during 2004 to 2006, according to the needs of their IT development strategies. They
insisted that the ubiquitous network society would behave as the technology social form which composed by the
intelligent network, the most advanced computing technologies and other leading digital technologies. The aim
of them is to build an environment full of computing and communications to mix people together gradually.
Since then, the research and development of the ubiquitous network get worldwide attention. At present, the
most representative cases are the u-Japan plan, u-Korea strategy, Singapore's Next Generation I-Hub plan and the
u-Taiwan strategy of Taiwan, China.

Although the network services have been improved greatly at present, it only can be considered the quantity
variance from the view of services quality. People can be satisfied only with ultimate services under the existing
conditions *!. With the proposing of the Smart Planet [/ by IBM in the January 2009, the idea of ubiquitous
network attracts a strong attention once more with its 4U features - ubiquitous, unique, universal, and
user-oriented. However, countries in the whole world have their own new directions for the research of the
ubiquitous network today. For example, in July 2009, Japan developed a new generation of information
technology strategy- i-Japan strategy of 2015. And the word i here contains two meanings: first, it means
inclusion, that is, to make use of information technology like water and air; second, it means innovation. The
Korea Communication Commission put in place the basic infrastructure construction planning of Internet of
Things in October 2009, and turned to the development of Internet of Things, following the issue of the Internet
of Things in 2020 - Roadmayp for the future by the European Union in September.

Therefore, the traditional ubiquitous network which is based on intelligence can no longer meet the growing
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demand for information of humanity. In this paper, we proposed ubiquitous wisdom networks (UWNs), in the
network system of which, network-related parties will have a common goal, which is to increase the wisdom of
networks. Through the introduction of the wisdom, UWNs will realize a high degree of unity among the
academic research, technology development, equipment manufacturing, network operation and policy setting.
The rest of the paper is organized as follows: section 2 introduces the wisdom philosophy. In this part, we
first introduce the concept of wisdom and then describe the definition of the wisdom node in UWNs.
Subsequently, we develop the framework of UWNs in section 3, and three kinds of architecture are detailed.

Finally, section 4 analyses some open issues and concludes this paper.
2. Wisdom philosophy

2.1 The concept of wisdom

First we should make it clear that wisdom is different from intelligence. This can be expressed as the
following three aspects ). Firstly, the relationship between intelligence and wisdom is not including simply,
because their abilities involve kinds of fields respectively. Secondly, they emphasis different aspects — intelligent
emphasis the ability, while wisdom emphasis the perception. Thirdly, the objectives to be achieved are distinct —
intelligence goes to the improvement and perfection, while wisdom is faced to surpass the boundary.

Generally, wisdom can be distilled from knowledge, knowledge can be derived from information,
information can be gathered from data and finally data can be assembled, acquired, switched and channeled by
the existing tools and techniques borrowed from computer science and network technology !\, To a network, we

conclude the process of the wisdom formation here as shown in Fig. 1.

Wisdom

Extract

\ J
Konwledge Simple Konwledge

A Contorl

Information

A

Process

Data

Fig.1 The process of the wisdom formation

In Fig. 1, wisdom is acquired as follows: first, the collected raw data is processed to information. Then,
through controlling the information, we establish a credible and persuasive knowledge base (KB). Finally,

wisdom extracted from the KB, and other knowledge with no wisdom we call it simple knowledge.
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2.2 Wisdom nodes

The nodes in UWNSs can be called wisdom nodes. According to the level of the wisdom that the node has,
we classify four kinds of wisdom - Super Wisdom (SW), High-level Wisdom (HW), Mid-level Wisdom (MW)
and Elementary Wisdom (EW). Then, four kinds of nodes are obtained, i.e. elementary wisdom nodes, mid-level
wisdom nodes, high-level wisdom nodes, and super wisdom nodes. Nodes with different kinds of wisdom are

distributed as the pyramid structure shown in Fig.2.

Super
wisdom
nodes (SW.

(o) Govdn) wopsin

High-level wisdom
nodes (HWN)

Mid-level wisdom nodes
(MWN)

Elementary wisdom nodes

(EWN)

\

o

node quantity (N)
Fig.2 the structure of the wisdom nodes distribution

The EW is the basic wisdom that any nodes should possess while only very few nodes have SW. The
wisdom amount of a node is unfixed during its lifetime. The node which has low level of wisdom can raise their
wisdom capacity to a high level over time.

There are two extreme cases when wisdom is measured. The first case is that wisdom is infinite, and it
corresponds to the probability of the inevitable occurrence event in the standard event field /', namely 1, and
that is the case of SWN. The second case is that there is no wisdom, which corresponds to the probability of the
event that is unlikely to occur in F', namely 0. The two extreme forms can be obtained from the definition, but in
real life situations turn up between them.

3. The framework of UWNs

The framework of UWNs is shown in Fig.3 which is involved three constituent parts, i.e. the layer

architecture, the abstract architecture, and the technological frame.

The front cubic side demonstrates the layer architecture of UWNSs, and it consists of the application layer,
wisdom layer, transport layer, network layer, data link layer and physical layer. We give the transport layer,
network layer, data link layer and physical layer a joint name — general based layer. The layer between general
based layer and the application layer is the wisdom layer. The function of each general based layer is similar to
the according layer in traditional networks. The new layer — wisdom layer provides services that network wants.
The wisdom layer is able to connect low layers, in DTNs ), the wisdom layer is depicted as the bundle layer,

and thus the application programs can achieve multi-regional inter-communication.
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Fig.3 The framework of UWN5s

The right one demonstrates the abstract architecture, and it consists of the perceptive extension plan,
network plane and service and application plane. The main function of the perceptive extension plan is to realize
information collection, capture and object identification. The network plane optimizes network features
according to the perceptive extension plan, to support material-to-material and material-to-man or
man-to-material communication well. The service and application plane is oriented to various applications. The

task of this plan is to realize the information processing, collaboration, sharing and decision.

The upside demonstrates the technological frame, and it consists of the data platform, control platform,
knowledge platform, management platform and service & support platform. In [9], the data platform, control
platform and knowledge platform are described clearly. It depicted that the data plane concerns the basic data
necessary for the localization process, the control platform is in charge of controlling data plane’s entities in
order to retrieve the necessary data, and the knowledge platform provides a global view of all information
concerning the network. The management plane involves all management issues, such as mobility, task, security,
etc. The service & support platform involves many fields, such as common middleware, information opening

platform, cloud computing and service support.

As shown in Fig.3, there are some correlations between the abstract architecture and the technological
frame. According to each architecture function, the data platform corresponds to the perceptive extension plan,
control platform, knowledge platform and management platform correspond to network plane, and service &

support platform corresponds to the service and application plane.
4. Conclusions

We have discussed UWNSs which introduced wisdom in ubiquitous networks. The process of the wisdom

formation and the definition of the wisdom node are detailed, and we classify four kinds of wisdom nodes -
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SWN, HWN, MWN and EWN. By integrating three kinds of architecture into three different surfaces of a cube,

and thus a good representation of the relationship among them obtained.

In the UWNs, many open research issues that need in-depth study inevitably exist certainly, such as the

management of the wisdom nodes, technical issues of the network organization, routing and security problems.

Next, we will improve every aspect of UWNS, especially in its routing problem, and we will try to develop

a variety of wisdom-oriented network.
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Abstract: Firstly from two aspects of teaching and research analyses the extensive influence to university’s related
subjects by the development and popularized application of fieldbus technology. In the aspect of teaching, based on the
curriculum changes of “Electrical Control Technology” course analyses the demands to curriculum system and lab
construction and so on by new technology. In the aspect of research, discusses the opportunities for teacher’s study and
its application fields by fieldbus technology. At last from many aspects, such as curriculum configuration, the buildup
of teaching book, special lab construction and the training mode for qualified personnel and so on gives out the detailed
solutions, and analyses the successful practical experiences, provides useful references for the construction and
development of related subjects.

Keywords: Fieldbus;Industrial network;reform on teaching; research;Specialities construction;;Engineering
education;PROFIBUS
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A TEACHING IDEA ON NEGATIVE FEEDBACK AMPLIFIER

LU LI-ZHONG
Institute of Information Engineering ,Information Engineering University,
Zhengzhou china 450002
1hk21@263.net

Abstract: Combined with comprehension and teaching practice,the paper proposes a proper teaching idea on negative
feedback amplifier ,which could be offered to the teacher engaged in the course of electronic circuit to refer to.

Key word: negative feedback, negativefeedback amplifier, teaching idea
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THE APOCALYPSE OF THE INNOVATION IN ELECTRIC-INFORMATION COURSES
OF FAMOUS INSIDE AND OUTSIDE UNIVERSITIES

KU XI-SHU, DING WEN-XIA, TU RUI-BIN,LI GUI-LIN,CHEN HONG

School of Electronic Science and Engineering, NUDT, Changsha 410073,China

kuxishu@126.com

Abstract: With the rapid development of electronic technology and information technology as well as the change of
professional education mode, cultivating high-quality innovative talents becomes an urgent demand for the vigorous
development of electronic information industry, which puts forward higher requirements for higher education in China.
It’s urgent for us to select teaching contents, introduce new technology and methods, restructure the knowledge
structure and build reasonable system of series curriculum. This paper thoroughly analyzes and compares the
curriculum system of circuit courses in some inner universities. The innovation trends of circuit courses in these
famous institutes are concluded. Furthermore, the main problems existing in the reform of circuit courses in these
universities are discussed also.

Key words: Electronic information; education mode; curriculum system; innovation trend
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MARKETING KNOWLEDGE

FENG QIAO-LING,FENG JIAN-QIN

Zhengzhou University of Light Industry, Zhengzhou, 450002, China

Abstracts: We knew that knowledge also needs to sell as merchandise through the graduate forum. And summed up
the four-step of marketing knowledge according to the previous teaching experience: professional sale promotion, sale
promotion before class, sale promotion during playtime and after school. We achieved good teaching effect by the use
of electrical engineering and automation professions, “Electrical Engineering Fundamentals” and other professional
courses. Practice has proved that the four-step of marketing knowledge is a good way for students willing to learn,
active learning, continue learning.

Key words: marketing knowledge, teaching methods, active learning
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