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AN IMPROVED CARI ALGORITHM BASED
ON SLIDING WINDOW IN MIMO-OFDM SYSTEM

Abstract. MIMO-OFDM is one of the core technologies in mobile communication system. As multicarrier
modulation is adopted, the MIMO-OFDM system usually leads to high Peak-To-Average power ratio (PAPR),
which can decrease the communication quality. The cross-antenna rotation and inversion (CARI) is an
algorithm with better performance to reduce Peak-To-Average power ratio of mimo-ofdm system. However,
needing a large number of iterations is a shortage of CARI. The sub-optimal scheme of CARI — successive
suboptimal CARI (SS-CARI) can reduce the number of iterations, but the PAPR reducing performance of it is
lost largely. In view of this problem, a sub-optimal CARI method using sliding window to search for rotation
and reverse combination is proposed in this paper. By using sliding window to search for the local optimal
rotation and reverse combination, not only the overall traversal search can be avoided and the computational
complexity of CARI algorithm can be reduced greatly, but also the PAPR reduction performance of SS-CARI
can be improved. Simulation results show that a good trade-off between complexity of system and the PAPR
reduction performance can be achieved by applying the proposed scheme.

Keywords: peak to average power ratio (PAPR); MIMO-OFDM systems; cross-antenna rotation and
inversion (CARI); sliding window

also raised the Successive Suboptimal Cross-Antenna
Rotation and Inversion (SS-CARI) algorithm, but the loss
of PAPR reduction performance is relatively large. So a
sub-optimal CARI method using sliding window to
search for rotation and reverse combination is proposed
in this paper to achieve a better trade-off between
complexity of system and PAPR reduction performance.
By using sliding window to search for the local optimal
rotation and reverse combination, not only the overall
traversal search can be avoided and the computational
complexity of CARI algorithm can be reduced greatly,
but also the PAPR reduction performance of SS-CARI
can be improved.

Problem statement

In recent years, MIMO-OFDM with the advantages
of large capacity, high frequency availability and
antimultipath fading ability has been selected as the core
technology of data transmission and greatly enhances the
users' communication experience. However, due to
adopting multi-carrier modulation, the mimo-ofdm
system exhibits the high peak-to-average power ratio
(PAPR) inevitably.

So far, PAPR reduction algorithms based on
MIMO-OFDM system have been proposed in many
references [1 — 10]. In [1] and [2], SLM algorithm
proposed for OFDM was introduced into MIMO-OFDM.

It was improved appropriately, but a large number of
complex multiplication operations could not be
avoided.In [31] the CARI algorithm  was
presented.Compared with SLM and PTS, CARI has
better PAPR reduction performance and can avoid
complex multiplication in each iteration to reduce
computational complexity. While this method still has a
large amount of computation for many iterations.In order
to reduce the number of iterations of CARI, reference [3]

BASIC MATERIAL
System Model And PAPR Definitions

Suppose that there are N; transmit antennas in
MIMO-OFDM system and N. subcarriers in the OFDM.
If N, xN_samples sent during the period of the nth

OFDM symbol are recorded as Ni{N. dimensional column
vector x ( n) , then there is
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x(n) = (x [n]. i [n] o oxy [n]) (D
where
x [ =(x[n0].x[n1]. -z [n N 1)
i=1,2,---,N, (2)
and ( )T denotes transpose.
The PAPR in MIMO-OFDM can be given by
max |xi'k(n)|2
PAPR = == : (3)

Ellx, (n)[]
where E[*] denotes the expected value and k is the index
of subcarriers. I denotes the index of transmit antennas,
i0(,N,).And x,, (n) issignal of the ith subcarrier in
the kth transmit antenna.

According to the central limit theorem, when the
number of subcarriers N is large enough, the sampled

signal in time domain X,,(71) approximately obeys
complex Gaussian distribution with mean 0. Given the
threshold value PAPRO, the probability that the PAPR

exceeds the threshold value isthe complementary
c

YCCDF :P{PAPR>PAPR0} :1—(1—e'PAP1% )”Nc (4)
glhere a is the oversampling; @ =4, it can show the

gontinuous signal well; @ =1, it is the Nyquist sampling
pate.

into M equal blocks, which are numbered
sequentially. Therefore the sent data can be expressed as:

Xi:[Xi,l’Xi,z"“’Xi,M:I’ (5)
where 1 denotes the Sequence Number of transmit
antenna, [ =1,2.

Then, according to the rules in [1], subblocks with

the same number on different antennas are operated
rotation and inversion permutations in turn, by which

4M groups new data stream with the same informations
obtained. Finally based on the minimum maximum

(mini-max) criterion,{ )}l , )22 }with the best PAPR

performance are chosen for transmission. In order to find
the optimal sequence,the number of iterations we should

dois 4" . Then the computation is very big for a system
with a large M.

Successive Suboptimal
CARI (SS-CARI) Algorithm

In the SS-CARI algorithm, the CARI transformation
is first operated for the first subblock X, , X,, ,whereas all

other subblocks remain unchanged and the other subblocks
are unchanged. Then the remaining subblocks are
transformed in turn, meanwhile the other M-1 subblocks

keep unchanged. Finally, { )}1 , )52 } with the best PAPR

performance are chosen for transmission. The block
diagram of the SS-CARI algorithm is shown in Fig. 2.
This algorithm can reduce the number of iterations
to 4M, and the computation is greatly reduced. However,
this method is essentially a search process for a quadtree
(each subblock has four combinations of invariant,
inverse, rotation, rotation and inverse). Because the
search path
simultaneously excludes the optimal rotation and reverse
combination information of all other branches at the same
level and their subordinate branches, the performance of

t .
; The cross-antenna rotation
v and inversion (CARI) algorithm
e and the sub-optimal scheme
The cross-antenna rotation selection of each branch in the
Fl and inversion (CARI) algorithm
i
S For simplicity, Let us assume a STBC-OFDM
& CARI algorithm is lost highly.
¥
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2 transmit antennas. The bloc diagrayof the CARI
algorithm is shown in Fig. 1.
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Figure 1 — Block diagram of the CARI algorithm
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Figure 2 — Block diagram of the SS-CARI algorithm: a —the first subblock transformed;
b — the second subblock transformed; ¢ — the Mth subblock transformed

An improved CARI algorithm based
on sliding window

The main idea of the sliding window searching CARI
algorithm is as follows: Firstly, window is added to the
adjacent N subblocks, and all possible rotation and reverse
combinations are searched in the window, then the optimal
path is selected to obtain the local optimal rotation reverse
combination. After completing the search in the window,
the system saves the optimal rotation and reverse
combination information obtained,and slides the window
forward with step K. At this point, the information going
out of the window is the suboptimal rotation and reverse
combination information obtained by the search.After
sliding, the system repeats the above operation to the
subblocks in the window until the M —N +1
subblock (M is the number of subblocks of OFDM signal
on each antenna). The schematic diagram of sliding
window searching CARI algorithm is shown in fig. 3.

In this algorithm, when the search sliding window
length N=M and the sliding step length K=1, the
algorithm is equivalent to the optimal CARI
algorithm.When the search sliding window length N=1
and the sliding step length K=1, the algorithm is also
equivalent to successive suboptimal CARI (SS-CARI)
algorithm. It can be seen that both the optimal CARI
algorithm and the SS-CAR algorithm are special
examples of sliding window searching CARI algorithm,
which indicates that the algorithm proposed in this paper
has great flexibility.

Based on analysis and computation, the calculation

amount of this algorithm is 4" x[(M — N +1)/ K] . From

the formula can be seen, even when M is fixed, the
calculation can be controlled by limiting the size of N as
required. In addition, the calculation amount can be
controlled by selecting the sliding step length K
appropriately.
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Figure 3 — Schematic diagram of sliding window searching CARI algorithm

As long as N and K are selected reasonably, the
calculation amount of proposed algorithm can be much
smaller than that of the optimal CARI, so as to solve the
large calculation amount problem of the optimal CARI.
Meanwhile by adding sliding window, rotation and
reverse combinations in the window are traversed, and the
combination selected by each subblock is closer to the
optimal combination, so that the large loss of PAPR
reduction performance of SS-CARI can also be
overcome.

Simulation and analysis

Take the STBC-OFDM system with two transmit
antennas as an example (N=2), and the simulation
parameters are set as follows: use the OFDM with 128

subcarriers and QPSK modulated, do 10° Monte Carlo
simulations, and set the sampling factor to be 1.

For M =4 , the PAPR comparisons among SS-
CARI, sliding window searching CARI (proposed
algorithm) and optimal CARI are shown in Fig. 4. From
the figure, we can observe that the PAPR reduction gain
of SS-CARI is lost nearly 1dB at CCDF =107,
compared with the optimal CARIL.Then the proposed
sliding window searching CARI algorithm (proposed
algorithm) is closer to optimal CARI performance. When
N =2 ,K=2, the proposed algorithm is about 0.5dB
better than SS-CARI, and less tha 0.5 dB worse than

optimal CARI. When N =2 | K =1, the proposed
algorithm is about 0.6 ~ 0.8 dB better than SS-CARI,
and 0.2 ~ 0.4 dB worse than optimal CARI. For the case
of M=4, the calculation amount of the optimal CARI

searching for the optimal rotation and reverse

combination is 4* =256 , then the calculation amount of
the proposed sliding window searching algorithm is

4*%x2=32 when N=2, K=2, and the calculation

amount of it is 4°X3 =48 when N =2 ,K =1. It can
be seen that the proposed algorithm achieves a large
reduction in the optimal CARI calculation only with a
small performance loss.

For M =8 , the
SS-CARI and proposed algorithm under four values of N

PAPR comparisons among
and K are shown in Fig. 4. As shown in Fig. 4, the
performance of the proposed algorithm is much higher
than that of SS-CARI, which is closer to the performance
of the optimal CARI. Additionally, it also be seen that the
performance of proposed algorithm when N =3 is
significantly better than the performance when N =2.
When N is the same, the performance of K=1 is
significantly better than that of K=2. Thus the performance
of proposed algorithm is closely related to sliding window
length N and sliding step K. The larger N is, the better
proposed sliding window searching algorithm is. And the
smaller K is, the better performance is.
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Figure 4 — PAPR comparisons of SS-CARI,
proposed CARI and optimal CARI (M=4)

Conclusions

In this paper, one better suboptimal algorithm
sliding window searching CARI is proposed, which not
only can overcome too large calculation amount problem
of optimal CARI, but also can solve the problem that the
PAPR reduction performance of SS-CARI is lost too
much. Additionally, this algorithm also has great
flexibility, it improve PAPR reduction

as can

—— proposedN=3,K=2

CCDF

Figure 5 — PAPR comparisons of SS-CARI,
proposed CARI (M=8)

performance of system through changing the length N
and sliding step K of sliding window, according to the
requirement of system. The bigger N is, the better
performance of sliding window searching CARI is, while
the smaller K is, the better performance is. Meanwhile,
it's worth noting that the length N has a great influence
on the calculation.When N is too big, also system
calculation is too big. Therefore, the size of N needs to
be controlled as much as possible in actual application.
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MOJIIIIIEHU AJITOPUTM CARI HA OCHOBI PO3CYBHOI'O BIKHA B CACTEMI MIMO-OFDM

Anomauia. MIMO-OFDM ¢ oouicio 3 0cHogHux mexuonoziti y cucmemi MooinbHoeo 36'a3ky. OCKinbKu Mynbmueapianmua
Mooynayis nputimacmocs, cucmema MIMO-OFDM 3a3euyaii 6ede 00 gucoxozo cniggionourennss nomysxcrnocmi (PAPR), wjo modwce
3uusumu axicmo 36'a3xy. Obepmanna ma insepcia kpoc-aumenu (CARI) — ye anecopumm 3 Kpawjoro npooyKmugHicmio O0s
3MeHulenHs BIOHOUIeHH NOMYICHOCMI cucmemu mimo-ofdm 0o makcumanvHo2o cepeonvo2o sHuavenus. llpome, nompeba y
senukii Kinbkocmi imepayiu — nedoaik CARI. Heooonmumanvra cxema CARI — nocnioosna cybonmumanvna CARI (SS-CARI)
Moolce 3MeHwumuy Kinbkicme imepayit, ane npodykmuenicme PAPR nepesasicno empauacmouca. 3 oensady ma yio npobnemy
3anpononogano Hedoonmumanrvuui memoo CARI 3 euxopucmanmsam Ko83HO20 GIKHA O NOWLYKY 0OepmMAanus ma 3860pOomHol
Kombinayii. Buxopucmogyiouu po3cyene GiKHO Ol NOWYKY JOKANbHOI ONMUMAIbHOI 0bepmants ma 360pomHoi KomOinayii,
MOJICHA He uule YHUKHYMU 3a2albH020 NOUWLYKY N0 Nepecy8antio i 3HauHo 3MeHuumu oouucitosarny cknaouicms ancopummy CARI,
ane maxoaic mooice nokpawumu epexmugnicmo 3nuudicentss PAPR SS-CARI. Pezynomamu mMo0ento8ants nokasyioms, wo wasxom
3aCMOCYBAHHA 3aNPONOHOBAHOT CXeMU MOJICHA OOCASMU 2APHO20 KOMUPOMICY Midic CKIAOHICMIO cucmemu ma npooyKmueHicmio
sHudicennss PAPR.

Knrwuogi cnosa: koeghiyienm maxcumanvhnoi 00 cepeonwvoi nomyscnocmi (PAPR); Cucmemu MIMO-OFDM; nepexpecna
anmena ooepmannsn ma ingepcii (CARI); po3cyene 6ikno
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