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Abstract: Next generation mobile communication networks appeal to data and multimedia 
communications, and require high efficiency and reliability. Multiple transmitting and 
multiple receiving BLAST system, advanced by Bell Laboratory, is combined with 
LAS-CDMA, a novel multiple access scheme. This compound system will realize large 
capacity and high reliability transmission and become an ideal resolvent for future mobile 
communication systems. 
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1 INTRODUCTION 
 

Next generation mobile communications, known as fourth generation or beyond three 
generation, mostly bear data and multimedia services. According to year 2010 layout of ITU, 
outdoor mobile communication data rate needs to attain 20Mbps, while indoors to 100Mbps, 
so as to entirely meet the requirement of next generation networks [1]. In most cases, wireless 
communication channels, due to space media multi-path effect [2], will induce intersymbol 
interference (ISI), co-channel interference, adjacent channel interference, and adjacent cell 
interference (ACI). With the influence of all these interferences, signals will result in severely 
fading through the channel, which greatly affects the system performance. High reliability and 
large capacity of next generation mobile communication networks has become research focus. 

Bell Laboratories Layered Space-Time architecture, now known as D-BLAST [3] or 
V-BLAST [4], utilizes multi-element antenna arrays at both transmitter and receiver and 
expands parallel transmission channels. This structure leads to theoretical rates, which is 
proportional to the number of antennas, approaching 90% of Shannon capacity [4]. BLAST has 
undoubtedly become one of optional schemes in the next generation mobile networks. At 
present, CDMA cellular communication can distribute a group of spread spectrum access 
codes to a user so as to improve transmitting rates, which is similar to parallel transportation 
of BLAST system. So BLAST is naturally combined with multi-code CDMA, named 
BLAST-CDMA [5], to achieve high speed communication transmission. But traditional 
BLAST-CDMA architecture is mainly affected by inter-antenna interferences, due to a path 
interval far less than modulated symbol duration in multi-path fading channel, and by multiple 
access interference for unperfect orthogonality of access codes. Then reliability and capacity 
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of communication will be at a discount. 
In 2000 professor Daoben Li invented a novel multiple access code, or complementary 

code with interference free windows (IFW), known as LS code [6]. If the relative offsets 
between codes are within IFW, off-peak auto-correlation functions and cross-correlation 
functions of LS codes become zero. Due to the existence of IFW, the synchronized 
LAS-CDMA systems will not affected by the intersymbol interference, ISI, and multiple 
access interference, MAI. Otherwise interfered codewords should be assigned to the same 
user, and multi-code detection technologies, MCD, should be employed to avoid MAI 
between different users [2]. This method can greatly reduce the detection algorithm complexity 
of receiver and improve the system capacity and spectral efficiency. So integrated with 
parallel BLAST systems, LAS-CDMA will not only supply large capacity transportation, but 
also ensure reliable communication furthest.  

Based on advanced LAS-CDMA technology, this paper has explored how to provide next 
generation communication networks with high reliability and large capacity. The structure is 
organized as the followed. Section 2 has introduced next generation networking solution using 
LAS-CDMA system. Section 3 has given an example of two-cell networking scheme using 
LAS-CDMA. Section 4 has emphasized on the multiple code detection (MCD) technology for 
two-cell networking scheme. And section 5 has given COSSAP simulation results for MCD, 
and analyzed system capacity. The last section has the corresponding conclusions and future 
vision. 

 
2 LAS-CDMA PARALLEL TRANSMITTING SCHEME 
 

To improve transmitting rates, multi-element antennas array, or BLAST system, transmits 
different information flows at different antennas in parallel. At the same time, LAS-CDMA 
access codes can bear a group of different information flows at an antenna. LAS-CDMA 
parallel construction, combined with BLAST architecture, is showed in fig.1. 
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Fig. 1 LAS-CDMA parallel transmitting platform 

In fig.1 there are m transmitting antennas and n receiving antennas constituting mTnR 

BLAST architecture.  ( 1, , )kc k K= represents K groups of LS code possessing IFW. 

Suppose there is L codewords per group code and spreading gain is represented by G. When 
different antennas adopt different LS code groups, MAI between antennas can be avoided. 
But for the sake of next generation mobile networking, large capacity transmission is always a 
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primary request. It is well known that capacity and reliability is always a pair of contradiction. 
Improving capacity is inevitably at a cost of sacrificing some reliability. K groups of IFW LS 
code should be allotted to m transmitting antennas simultaneously, which makes bit rates of 
each antenna increase K times. In order to insure communication quality of the whole system 
to the utmost extent, joint detection has become an important guarantee technique. 

Fig.1 shows a tradeoff between efficiency and reliability for the next generation networks. 
To solve the efficiency problem, each antenna is allotted K groups of LS code. 

 ( 1, , ;  1, , )ikx i m k K= = represents a group of modulated source symbols from i-th antenna 

and k-th LS code group. There are L different symbols in symbol group ikx in accordance with 

L LS codes in the same group. In the total, m transmitting antennas can transfer mKL 
modulated source symbols and greatly enhance bit rates of the system. According to IFW 
characterization, LS code groups are independent each other. After despreading, receivers can 
divide symbols of different groups into K joint detector, known as multi-code detector MCD. 
Through parallel detection process, complexity is greatly reduced. This method is called 
uniform code joint detection technique [5]. While inside the MCD, due to nonexistence of IFW, 
the received symbols will have interference each other. Traditional CDMA multi-user 
detection techniques should be employed in the receiver.  

 
3 LAS-CDMA TWO-CELL NETWORKING SCHEME 
 

This section gives an example of two-cell networking scheme to elementarily explore 
future mobile communication networking method. 

Suppose that there are two cells, each placing a base station BS and a mobile station MS, 
as showed in fig.2. BS lies in the center of cell, and MS stands in the edge of two cells. MS 
has the same distance from the two BSs. Under the circumstance transmitting power is the 
maximal and the adjacent cell interference is the strongest. BS and MS use four antennas 
respectively. In order to get high data rates, user information flows can be separated into 
multiple transmitting antennas, and in addition each antenna is assigned for more groups of 
LS codes to augment parallel data streams. 

As showed in fig.2, uplink transmission is equivalent to two MS as transmitter and a BS 
as receiver. Each base station from two cells disposes the receiving information independently, 
but does not make joint detection. It is equivalent to 8T4R uplink BLAST system. Supposed 
there are two LS code groups, each comprising three access codes. Six symbols are 
transmitted from an antenna, and 24 symbols are transmitted from a MS. Additionally using 
high level modulation can ensure high bit rates of transmission. But because adjacent cell 
interference ACI is very severe, target signals and interfering signals can be combined 
together to joint detection. Though the joint detection is probably highly complex, due to IFW 
characteristic of LAS-CDMA, the complexity can be dropped into lowest level. Downlink, 
which is equivalent to two BS as transmitter and a MS as receiver, can be viewed as 8T4R 
downlink BLAST architecture. The two MSs do not exchange received information each other. 
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In order to explain questions conveniently, fig.1 can be viewed as 8T4R downlink BLAST 
architecture. In this figure, transmitting antennas are 8m =  , receiving antennas are 4n = , 
IFW code groups are 2K = , LS codes per group are 3L = . Totally both cells can transmit 48 
signals. After despreaded in the receiver, signals can be divided into two MCDs to implement 
uniform code joint detection, which only need to detect 24 symbols each. 

1Cell 2Cell  

Fig. 2 Two-cell networking scheme 

This paper introduces six-path fading channel. Carrier frequency is 3.5GHz, mobile speed 
is 5km/s. Suppose that MS will not depart from cell verge. Suppose that intersymbol 
interference will not be considered, which will come into existence when spreading gains are 
far greater than multi-path delays. Suppose that channel characteristics maintain invariable 
during symbol duration. In fact, computing coherent time can validate this assumption. 
Coherent time can be expressed as [7] 

3 3
4 4c

m c

CT
f vfπ π

= =                            1 

mf represents maximum Doppler frequency shift. C represents light speed. v represents 

vehicle speed. cf represents carrier frequency. Through calculation 26cT ms= . Symbol 

duration is only 0.078fT ms=  which is far less than channel coherent time. It means that 

channel parameters change very slowly during transportation and can be thought fixed 

approximately. Suppose that the first group LS code is 1C . The eight transmitting antennas can 

bear 24 symbols B, recorded by{ } 1, ,24ix i = . Suppose that the second group LS code is 2C . 

Transmitting antennas bear 24 symbols ′B , recorded by{ } 1, ,24ix i′ = . Through uniform 

code detections, received symbols will be transacted by MCD1 or MCD2 respectively, 
showed in fig.1. Suppose that local noise N is additive white Gaussian noise with one-side 

power spectrum density of 0 / 2N . Passing through six-path fading channel, the first received 

signal r1 can be expressed as [2] 

1 1 1 2 1 1r =C H B C H B N′+ +                        2 
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,1 2C C  represents code matrix of group 1 2,C C  respectively. 1H  represents the equivalent 

channel matrix from 8 transmitting antennas to 1 receiving antenna. 1N  represents Gaussian 

noise. After despreaded by group 1C , equation 2 can be expressed as 

H ′= = +1 1 1 1 1 1Y C r R H B N                 3 

The other three receivers are the same with the first one. 

    
2 1 2 2

3 1 3 3

4 1 4 4

Y R H B N
Y R H B N
Y R H B N

′= +
′= +
′= +

                 4 

The above four receivers make joint detections as a whole just like the MCD1, as showed 
in fig.1. Then 

= +Y RHB Z                               5 

Thereinto 
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4 MULTI-CODE DETECTION TECHNIQUE OF TWO-CELL NETWORKING 
 

V-BLAST detection algorithm [4], originated from Bell laboratory, is a sub-optimal joint 
detection algorithm combining linear nulling with nonlinear symbol cancellation. Each 
substream is considered as target signal, and the others as interferences to perform linear 
combinatorial nulling. Nonlinear symbol cancellation means that detected signal interference 
will be cancelled from received vectors so as to make the interference of receiver decrease. 
Moreover, the order in detecting component signal will affect performance of the whole 
system. Especially for two-cell system, interferences such as ACI, MAI are very severe. So 
the optimal ordering interference cancellation will greatly improve the whole system 
performance. This paper will be focused on different ordering algorithms and their effects on 
the performance. The first ordering algorithm is based on transmitting antennas, while the 
other on symbols having mutual interference. The following will study the two algorithms one 
by one. 

Algorithm one: BLAST detection algorithm based on antennas ordering 
After despreaded, 8T4R multi-element antennas can be expressed as 

Y RHB+Z AB Z= = +                              7 
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In the above equation, ( )1 2 24, , , Tx x x=B , H is a matrix of size 72×24, A RH=  is 72×

24 matrix， ( )
1

A
k

represents k1-th column of A matrix. 

Let weighted vector 1,2, ,24)T
iw i = ( multiply equation 7, then 

( )010Y AB+ Z B+ Z + ZT T T T T
i i i i i i iy w w w w x w= = = =              8 

In the above equation, the first item is target signal, and the second is noise. Noise power 

is T
i i zw w N , so the signal to noise ratio can be expressed as [4] 

2

2

i

i
z i

x

N w
ρ =                             9 

Ordering is basis on the maximum SNR in equation 9, or on the minimum noise power. 
Each antenna transmits a group of symbols. According to V-BLAST detection algorithm, 
symbols from the antenna with the minimum noise power are selected to detection first. 

Weighted vector T
jw is the j-th row of †A matrix, which can be expressed as ( )†A

j
. †A is 

pseudo-inverse of matrix A. ( )
2

†A
j

equals to the diagonal elements of matrix ( )† †A A
H , that is 

( )( ) ( ) ( )( ) ( )( )1 1 1† † H H H H Hdiag diag diag
− − −

= =A A A A A A A A A A               10 

The diagonal element of matrix ( ) 1
A AH − corresponds to noise power of each symbol. In the 

same antenna, all the symbols can approximately be viewed as possessing the same noise 
power. In this algorithm, to select the antenna with the minimum noise power equals to search 
the minimum diagonal element in equation 10. Eventually interference canceling order is 
settled. 

Linear zero forcing operation is as followed, 

( ) 1†B̂ A Y A A A YH H−
= =                 11 

Equation 7 can be expressed as arraying form according to antennas. 

( )

1

2
1 2 8

8

, , ,

X
X

A A A

X

⎛ ⎞
⎜ ⎟
⎜ ⎟= = +
⎜ ⎟
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⎝ ⎠

Y AB+Z Z
                        12 
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In the above, ( 1, ,8)kX k = represents symbol vector from the k-th transmitting antenna. 

( 1, ,8)kA k = is the corresponding three column vectors in A matrix. 

Algorithm two: BLAST detection algorithm based on symbols ordering 
The ordering of algorithm one is based on different antennas. The antenna with the 

minimum noise power is detected first to reduce the interference to the other signals in the 
receiver. This algorithm approximately deems that different signals from the same antenna 
have the same noise power, and are detected and canceled at the same time. Due to 
non-orthogonality of LS code inside a group of signals, there exists co-channel interference. 
Their interference strengths are not identical. So it is necessary to further interference 
ordering inside an antenna to improve the performance. Algorithm two puts forward an 
improved BLAST detection algorithm based on symbols ordering. Algorithm two is similar to 
algorithm one, but all the symbols take part in the ordering to search for the minimum noise 
power. The above two algorithms can briefly be described as the followed. 

Algorithm one[4]： 

1. Let 1i = , A RH= , †
1 AG = , 1 =Y Y , 

( )( ){ }1

1
[1,8]

arg min H

j
k diag

−

∈
= A A ; 

2. ( )ˆ
i ik i i k

X Q G= Y ； 

3. 
1

ˆ
i ii i k kX A+ = −Y Y ， †

1 A
ii kG + = ， 

{ }
( )

{ }
( )( ){ }

1 1

2 1

1 1
, , , ,

arg min arg min A A
i i

i i

H
i i k kj

j k k j k k
k G diag

−

+ +
∉ ∉

= = ；

4. 1i i= + ;  
5. if i≤8，turn to step 2; else if END. 

Algorithm two[4]： 

1. Let 1i = ，A RH= ， †
1 AG = ，

1 =Y Y，

( )( ){ }1

1
[1,8]

arg min H

j
k diag

−

∈
= A A ; 

2. ( )
i i

T
k i k

w G= ， Y
i i

T
k k iy w= ， ( )ˆ

i ik kx Q y= ； 

3. ( )1 ˆY Y A
i ii i k k

x+ = − ， †
1 A

ii kG + = ， 

{ }
( )

{ }
( )( ){ }

1 1

2 1

1 1
, , , ,

arg min arg min A A
i i

i i

H
i i k kj

j k k j k k
k G diag

−

+ +
∉ ∉

= = ； 

4. 1i i= + ； 
5. if i≤24，turn to step 2; else if END. 

In the above, A
ik represents compressed matrix deleting column vectors from antenna 

1 2, , , ik k k in algorithm one, while in algorithm two represents compressed matrix deleting 

1 2, , , ik k k  columns. The third step represents detected signal vectors cancellation from 

received signals, and pseudo inverse calculation of compressed matrix, and then next antenna 
serial number detection. Through recursion, all the transmitting signals can be detected. 

Algorithm two has 24 circulation times, while the first only needs 8 times, and its 
complex inverse operation reduces to 2/3. Algorithm two has sacrificed the receiver 
complexity to exchange the better performance, which will be testified by the simulations 
below. 
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5 NUMERICAL SIMULATION AND CAPACITY ANALYSIS 
 

Performance simulation has been prosecuted for two-cell networking 8T4R multi-element 
antennas on the basis of the above two BLAST multi-code detection algorithms. Simulation 
parameters are showed in the table 1. 

Table 1. Simulation Parameters 

parameters values 

Access code LS code, 2 groups, 3 codes/group, G=40 

Coding  Turbo product code(64,57,4)2, sub-code syndrome decoding 

modulation 32QAM 

Channel model Six-path fading channel, speed 5 km/h, carrier frequency 3.5GHz 

Channel estimation Ideal channel estimation  

interleaver Pseudo-random interleaver with the length of 64K 

COSSAP simulation will compare symbols ordering with antennas ordering and linear 
nulling detection algorithm. Non-coded and TPC-coded 8T4R multi-element antennas are also 
contrasted each other. Simulation results are showed in the fig.3 and fig.4. 
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Fig. 3 multi-element antennas LAS-CDMA 
detection performance without coding 
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Fig. 4 multi-element antennas LAS-CDMA 
detection performance with TPC coding 

As showed in fig.3, without coding, BLAST multi-code detection algorithm based on 
antennas ordering, BLAST_nocode_ant, can achieve about 4dB coding gains than linear 

nulling algorithm, ZF_nocode, when bit error rate is 31 10−× . Symbols ordering algorithm, 

BLAST_nocode_sym, can further improve the performance about 4dB. After adding Turbo 
product code [8] and interleaver, as showed in fig.4, it appears the similar thing. The 
performance discrepancy is about 3dB. SNR is reduced further more, and the performance can 
be improved 2.5dB. Combining strongly error-correcting TPC technique with symbols 
ordering MCD technique, two-cell networking architecture can be assured of stable 
communication qualities in existence of adjacent cell interference ACI. 
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Due to parallel transportation information streams by BLAST multiple antennas and LS 
group codes, the two-cell networking architecture can acquire large capacity transmission. In 
this paper, we can calculate the capacity. Suppose that frame length is 20ms and modulation 
mode is 32QAM. Apparent data rate per antenna will get to 768Kbps [6]. If two independent 
carriers are laid on channel spacing 1.25MHz, spectral frequency per antenna is calculated 
1.2288bps/Hz. In a cell there are four transmitting antennas in BS and system bandwidth is 
20MHz. So the total data rate will arrive at 98Mbps. If 64QAM modulation is adopted, the 
data rate will far exceed 100Mbps, which greatly satisfies the next generation mobile 
networking requirement for high speed multimedia services. 

 
6 CONCLUSIONS 
 

Due to parallel transportation information streams by BLAST multiple antennas and LS 
group codes, the two-cell networking architecture can achieve far more 100Mbps data rate, 
which satisfies ITU with large capacity transportation requirement for next generation 
networks on the whole. In multi-cell networking circumstances, however, there exists severe 
inter-antenna interference and adjacent cell interference. To overcome the interferences, the 
receiver will combine uniform code joint detection with multi-code detection based on 
symbols ordering technique to divide the signals effectively. LAS-CDMA system is an ideal 
solution to high reliability and large capacity transmission for next generation mobile 
networks. But there is a long way to go for large scale application for LAS-CDMA 
communication architectures. 
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