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Abstract

Massive MIMO systems have got extraordinary spectral efficiency using a large number of base
station antennas, but it is in the challenge of pilot contamination using the aligned pilots. To address
this issue, a selective transmission is proposed using time-shifted pilots with cell grouping, where
the strong interfering users in downlink transmission cells are temporally stopped during the pilots
transmission in uplink cells. Based on the spatial characteristics of physical channel models, the
strong interfering users are selected to minimize the inter-cell interference and the cell grouping is
designed to have less temporally stopped users within a smaller area. Furthermore, a Kalman estima-
tor is proposed to reduce the unexpected effect of residual interferences in channel estimation, which
exploits both the spatial-time correlation of channels and the share of the interference information.
The numerical results show that our scheme significantly improves the channel estimation accuracy
and the data rates.

Key words: multiple-input multiple-output ( MIMO) , selective transmission, time-shifted pi-
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0 Introduction

Massive multiple-input multiple-output ( MIMO )
is a new breakthrough communication technique,
which is based on the conventional MIMO features un-
precedented numbers of service-antennas with a high
ratio of service-antennas to terminals, channel state in-
formation derived from uplink pilots and time division
duplex (TDD) reciprocity'''. When MIMO arrays are
made large, both opportunities and challenges' are
met. The opportunities include increased capabilities of
exploiting propagation channel, inexpensive low-power
components built with the robustness to the interfer-
ence. However, as one of the challenges, the effect of
pilot contamination on massive MIMO appears to be
much more profound than in classical MIMO, which
results in a considerable channel estimation error by re-
using pilots from one cell to another®’. In addition,
the favorable independent propagation that the Massive
MIMO relies is not quite true. In reality, the MIMO
channels are generally correlated because the large an-
tenna arrays are not sufficiently well separated or the
propagation environment does not offer rich enough

scattering“ﬂ .

To tackle the challenge of the pilot contamination
effective channel estimations exploiting the channel
characteristic are proposed“‘“. In Ref. [7], an ei-
genvalue decomposition-based approach estimates the
channel blindly from the received data just with a short
training sequence to resolve the scalar ambiguity in the
covariance matrix of the received signals. In Ref. [8],
in the uplink training a rank-q channel approximation
method based on compressive sensing is proposed. On
the other hand, power control"'* and coordinated pi-
lots assignment'""" are used to mitigate the pilot con-
tamination. In the coordinated approach"’, users in
different cells having the small channel correlations
with each other are assigned to the same pilots, so that
the pilot contamination is minimized. Different from the
work in the traditional transmission with aligned pilots
mentioned above, time-shifted pilots are proposed in
Refs[ 12,13 ] to avoid pilots simultaneous transmission
in adjacent cells, and it is possible to completely can-
cel the effect of interferences from the data to pilots on
the assumption that the channels between the infinite
Later in Ref. [14], the

performance improvement using time-shifted pilots un-

antennas are independent.

der the effect of a finite number of antennas is con-
firmed. Also in the case of finite antennas, a zero-forc-
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ing transceiver is employed to resolve the interferences
using time-shifted pilots Ref. [ 15]. However, as it is
known that zero-forcing schemes eliminate the interfer-
ence by orthogonalizing the channels, which brings loss
of channel gains and is therefore inappropriate for the
strong channel correlation environments.

In this study, the multicell massive multiuser MI-
MO using time-shifted pilots for the physical channels
is investigated. Over these channels, the interferences
become considerable for both the aligned pilots and
time-shifted pilots transmissions. Here, the interfer-
ences in transmissions using time-shifted pilots is ana-
lyzed and a selective transmission is proposed, where
parts of users are selected to temporarily stop downlink
transmitting during a particular period. Using the prop-
er selection, the strong interference from these selected
users to the uplink pilots in adjacent cells is alleviated.
Moreover, to improve the system performance under
the residual interferences, a Kalman estimator is pro-
posed to filer out both interferences and noise based on
the time-spatial correlation of the channels and the
share of the interference information.

1 System model

It is considered a network of L cells with full spec-
trum reuse. In each cell the base station with M anten-
nas services K single-antenna users.

1.1 Physical channel model

Using the physical channel model, the channels
in the ¢-th block (block-fading) from user £ in the [-th
cell to the base station (BS) in the [’-th cell can be
represented as

1 &
hy (1) = ;zal%lp(t)a<al/k1p) (1)
p=1

where the angular domain is divided into a large but fi-
nite number of directions P. Each direction is associat-
ed with a steering vector a(6,,,,) with the random an-

gle-of-arrival (AOA) 6, ,

a(el'klp) = [1,e " orm)
where £, ( emp) =2 mTDcoS( Hzrkg,,) ,m =1, M-

1, D is the antenna spacing at the BS and A is the sig-
nal wavelength, such that D < A/2. Note that §,,,, is u-
niformly distributed over [ 6,, - A6,8,, + Af], and
6,,, € [0,27] is the mean AOA. It is considered that

the propagation coefficient a,, (1) is as zero mean

.. ’617}1471(01'/\»1]7) ] T (2)

complex Gaussian process of variance §;,, , following the
Jakes’ power spectrum of maximum Doppler frequency

Jor

Also using the physical channel model in
Eq. (1), the channel h,,, (t) is obtained from user k
in the [-th cell to user &’ in the I’-th cell during time

block ¢, as shown in Fig. 1.

hl’kl(hllk

Fig.1 Channels in the case of two cells

Let H,, denote the channel matrix between the BS
in the [-th cell and the BS in the I’-th cell, which is

assumed to be time invariant due to the fixed locations

of the BSs'''.
12
H, = 7})2 a/'tpa(az'lp)bh’(%’/p) (3)
p=1

where the propagation coefficient a,, is as zero mean
complex Gaussian random variable with variances §;,.
The array steering vectors a(,,,) and b(¢,,,) are

a( 0[[]])) — [ 1 ’617'1(91'11,) R ,617;"’1(01"1’) } T (4)

bpn,) = (1,700,

The random AOA 6,,,, 6,,, € [0,2m] is uniform-
ly distributed over [ 6,, — A8,0,, + A6] with mean 6,,,
and the angle-of-departure (AOD) ¢, ¢, € [0,
2] is uniformly distributed over [ @,, — A8,@,; + Af]

=ifm-1Ceryp) 1T
-.e M-1 Il/}

with mean ¢,,.

1.2 Signals in the uplink and downlink

A TDD massive MIMO system is considered using
time-shifted pilots, see Fig.2. Assume that the uplink
pilots of length 7 are mutually orthogonal within a cell
and therefore intra-cell interference is negligible in the
channel estimation phase. The pilot sequence s, = [s,,
S5, | used by userk, k =1,2,-+ K, | s, 17 + -+

2 .
+| s, |7 = 7is assumed.

9@9@ M7 15, . 2 ver ©)

Groupl ilot. = Downlink  Uplink

pilots processing Downlin! plin]
QQQQQ Group2 | 26 e e M|

6@6@ Group3 |

B .

Fig.2 Time-shifted pilot scheme with G = 3 groups

For simplicity, cell [ in the 1st group is consid-
ered as the target cell, and the interference from the
adjacent cells is only considered in this section, see
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the gray area in Fig.2, while other interferences will
be explained in Section 2. 3.

During the pilot phase, the M x 7 signal received
at BSI™ i

Z /Pu*h/*msk + 2 Z /P H,. zwuqu

K =11 1* Interference
+ N, (5)
where p,, is the transmit power from the k-th user in cell
lto BSI, P, is the downlink power from BS/to its user
k, q, = [le,l PR

in the downlink, w,, is the beamforming and N, is the

oy, | is the transmitted data vector

additive white noise with i. 1. d, Gaussian distribution
of zero mean and of variance ¢ L. To simplify nota-
tion, time index ¢ is omitted here.

In the downlink of both the 1st group and 3rd
group when users in the 2nd group are sending pilot se-
quences, the received signal at user & in cell [* can

be written as

v
Yiwr+ = /71*1‘*1*"% 1 qprrs T Upngs
H
+ z VPN R T

i+ Interference I

+ Z 2 /Eh‘k“l*klsll Ji

E=11"eGy

>~‘1L ||

Interference I

K L
+ 2 Z /Pk’l’h;{k*l*wk’l’qk’l' (6)

=10ecs

Interference, I3
where [, is the intra-cell interference. I, and I are pilots
interference and data interference from the neighboring
cells, respectively. The white Gaussian noise v,.,. is
with zero mean and variance O'io.

In the simultaneous uplink, BS applies signal pro-
cessing with the receiving vector. Since the received
signal in the uplink has similar formation to the down-
link Eq. (6) but without 7,, on the downlink analysis
is focused, and the extension to uplink can be straight-
forward.

2 User selection and channel estimation

2.1 Interference analysis

Here, relatively simple signal processing approa-
ches are used that is maximal ratio combines ( MRC)
and transmission ( MRT) for receiving and transmitting
at the BS. The beamforming vector w, of user k is the
normalized version of the estimated channel ill,d;

hy, _hy, e,

Wy = = = ’
lhy | B, /M

w = hy +ey

(7)

where scalarB,, = || h,, || / /M is a normalization fac-

tor and e, is the channel estimation error.

Proposition 1 The effect of interferences depends
on the positions of the interfering users and the inter-
fered user in their respective serving cells and also the
relative positions of these serving BSs. Specifically,
the interact of these positions directly depends on the
angles, including 6,.,,.,6,1, 5 @+, and 6., , as well
as the variances of the propagation coefficients.

Proof: Using physical channel model, the inter-

ference in Eq. (5) can be derived as
Ef /Pk'/'Hz*rwk'z"IAT»'z'( /Pk’l’Hl*I’wk’l’q£I’>H%

a(01 l]))bH(¢l*[17>
W =0 88y P T
= Bi'l’MPZ IZ za(ezku))a (O ) |

p'=1

b(gol*l'p)a (el*l'p)

87180y Pyt
=~ IB%:IM“ E%a(el*l'p)aH(al*l'p> |
E{bH(@/*l/p)a(em'zyx)aH(ez’k'z',/)b(QDt*l’p) f(8)
Ipspr
with
M-1 ”
]l*kr]r — E{ || 2 eﬁ]2me((t()s(6/r,.,rlr],r)—(3()5((;7[*/"))) || 2 }
m=0
D
1- cos(ZWMT(cos(Glrkr,rpr) —cos(@;-p,)))
= | - |
1 —cos(2m T(Cos(el'k'l'p’> - COS(QDJ*Jy)) )
(9)

which depends on 6,,, , @,., and A. Note that it is as-
sumed E {q,q; ! =rlande,, =0, and the effect of e,
# 0 will be discussed later. Therefore, the ratio of the
interference to signal is approximated as

Yiaer
lim E{ /PuH oW /Pl W gi)" |
M E| /pkl*hl*kl*s:( /pkl*hl*kl*sZ)H%

_ 81*1'25?’/;'1'})51' Ef a(el*z'p>aH(01*l’p) | / (10)
B Bivpu-MP Efa( el*kl*p)aH( Ors100p) | o

The derivations in Eqs(8) ~ (10) show that the
effect of interferences not only depends on the relation-
ship between 6,.,., and ,.,, in Eq. (10) but also the
relationship between ¢,.;, and 6,,,, in I,.,, Eq. (9).

Thus, for the sensitive users who have the strong corre-
lation between a(6,.,,.,) anda(6,.,,), a better way to
deal with the interfering is to reduce the interferences
from the strong interfering users, which can be defined
- cos(¢;y,). Spe-
cifically, only when | 6,,,, + ¢;.;, 1 > 0, these inter-

by the expectation of cos( 8, )

cell interference on the pilots can be minimized, which
will be analyzed in Section 2. 2.

In the case of e,,, # 0, which is probably caused
by the noise and interference in the pilots-based esti-
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mation of h,,,, see Eq.(5), e,, is proportional to
L

K

z 2 H, W..q, + N,. Consequently for the signal

=Vt
B . . .
Y., the interference is got caused by e, proportional
KoL

to H,.,( z > H, W, g, + Ny) gy .. Obviously, the
=iz
main parameters in this interference are in accordance
with Proposition 1.
Proposition 2 The interference in the downlink trans-
mission is mainly caused by the other downlinks both in
the same cell and in adjacent cells. The effects of these
interferences depend on the positions of both interfering
users and interfered users, especially their AoAs,
e. g, 0., and 6;.;.,.,. Fortunately, the interfer-
ences from the uplink pilots in other cells are minor in-
terferences when p,, < P,, and even can be ignored.
Proof; Using physical channel model, interference
I, in Eq. (6) can be written as

2
I = {” / ukhzw*/*wu*qw* | }
e“*‘oé‘x 8 P
= M E| ”a (Oppe1,)a (0 ”2%
Bk’l*

Tors
(11)
with

/ —_—
Iy =

D
1 - cos(27TM7(cos(0,*k,,*p,) —¢08(6,p41+,) ) )

£

D
1 - cos(2m 7(005(0”,{/,*#) ~¢05(6+1+,) ) )

(12)
which depends on 6,.,.,. , 6,.,,. and Af. Furthermore,
interference I, from the pilots is represented as

L= | /P/f'/'h/c*z*/r'/'sk',i | ? (13)

and interference I; is rewritten as
I = E{ || /Puhy o wongen |7

evr =0 S?A*I*Sih'l’Pk’l'P
= TR B a" (0, )a( ) ||
Bi/M % ” ( I'k*1 j? ( lklp) ” }

(14)
with
I, =
D
1 — cos(2aM T(COS(GIWWP/) = cos(Oppy+,)))
B y |
1 - cos(2m 7(005(0”{/,,},) —cos(Oppp+,)))

(15)
which is determined by 6,,.,., 6,,, and Af. Conse-
quently, the asymptotic behavior of interference to sig-

I, I,
nal %11‘2 Mp,.. " = 0 is got, but 1111‘2 Mp, ... and ﬂlli{r;
1
—— respectively depend on the specific AoAs of the
MP,.,.

users, where the power of received signal approaches
mP,.,..

Considering e;, # 0, similar to the proof in Propo-

K L

.. . . T

sition 1, e,, is proportional to 2 z H,w,.q,, + N,
I

and  therefore  the  main parameters for

/Pk*l‘hl A*l*ekl‘qkl*ln] and /P, lk v €pp gy in

I are in accordance with Proposition 1.

2.2 Selective Transmission

Proposition 1 and Proposition 2 show that the
problems of using time-shifted pilots are the interfer-
ences between pilots and data. Several approaches can
mitigate interferences, including user selection and
power allocation. Although the primary scenario of
such studies is the traditional multiuser MIMO sys-

tems (7]

, the algorithms can be applied in this paper,
where SINR can be obtained according to Section 3.
However, these selections involve matrix operations of
high computation complexity in large antenna array sys-
tems. Besides, the algorithms based on current chan-
nels cannot be directly used for the pilots transmission
selection. Furthermore, even based on statistic spatial
correlation, the traditional simple user reducing may
lead to blind zone. Therefore,

problems of users at the cell edge, we leave the effect

concentrating on the

of distance is left aside and a selective transmission of
the strong interfering users is proposed based on AOA
and AOD. Since the interference in Eq. (10) is large
when cos(6,,) — cos(¢@;.;,) = 0 and gradually de-
creases with the difference | 6,,,, *¢,.;, | increasing,
it can simply define user k£ to be the strong interfering
user if

| Oy + @y | <26 (16)

where 6 is a controllable variable, satisfying 8 =

min(%,AG). Using this definition, the strong inter-

ering users in cell [ with 6,,, <+ 20 + @,., are re-
fering Il with 6, <+ 20 = ¢,

quired to temperately stop their downlink transmitting
. Note that the

smaller angle spread Af, the better is the performance

when the pilots are transmitted in cell /

of user selection using § = A, because the rate loss of
the transmission stop is less than the throughput en-
hancement due to interference reduction. On the other
hand, when Af is large, the number of stopped users is
increasing. The tradeoff between the transmission stop

and interference reduction should be further studied,
and here a simple restriction § < —— is given to con-

to be
stopped within two sectors. The algorithm of selective

straint the interfering users in cell [’ for cell [”
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transmission (see Fig.4).

2.3 Cell grouping

In this section, the effect of interferences from the
aspect of the whole systems is analyzed, which has
been discussed individually in Section 2. 2. Note that
considering the effects of interferences in the system as
a whole relate to the time assignment of the pilots and
data in different cell groups. Therefore, cell grouping
is one of the key issues.

For simplicity, the inter-group interference from
adjacent cells is concentrated on but the interference
from others are ignored, especially the cells relatively
nearby in the same group. The problem of this intra-
group interference is similar to that in the traditional
aligned pilots scheme, which can be thought of as be-
ing analogous to frequency reuse that the more groups
(larger G ) the less intra-group interference. However,
compared with inter-group interference, this intra-
group interference is dramatically reduced when G = 3
due to larger distances between cells.

Considering the more severe inter-group interfer-
ence from cell [, (cell [, belongs to group g’ ) to cell
l,, using Eq. (16) , it is found that users allocated a-
round + Piyq 10 cell [, are the main interference source
and should be stopped, which are symmetrically dis-
tributed with respect to the antenna array. To have less
temporally stopped users within a smaller area in cell
L, the cell [, in group g should be allocated symmetri-
cally with respect to the antenna array of BS /., and the
antenna array in each cell should be perpendicular to
the cell edge (see Fig.1 and Fig.3).

Therefore, the selective transmissions during the
time-shifted pilots respectively in the case of 3 cell
groups and the case of 7 cell groups are shown in
Fig. 3, where the users in the blue area are temporally
stopped while the pilots are transmitted in gray areas.

7 groups

Fig.3 Cell grouping and the selective transmission

2.4 Channel estimation
The proposed selective transmission strategy with
cell grouping reduces the interference to a great ex-

tend, but there is still some residual interference, be-
cause of the unachievable asymptotic behavior of the
interference and unfeasible infinite antenna arrays.
This residual interference directly affects the channel
estimation and system performance, see the analysis in
Section 2. 1. Therefore, efficient channel estimations
resisting both the interference and noises are required.
Obviously, the simplest LS estimation technique used
in Ref. [ 13] is inapplicable. Using additional informa-
tion like SNR and spatial feature, a covariance-based
Bayesian estimation is proposed in Ref. [11]. Here,
to fully explore the channel statistics, based on both
the time coherence and spatial coherence of the chan-
nel, a channel estimation scheme using Kalman filter is
proposed.

By vectorizing the received signal and noise, the
signal received in Eq. (5) can be rewritten as

(1) =vec(YL) = /ppepoSphyeyy. () +0o(1)
n'y(t) = 2 vee( /PryH, w0 g0 (1))
I'#1*k eUp
+ /P Sl (1) +vec(Ny(t))
K'eUps K'#k

(17)
where S, =5, @ I,;, andn’,(t) is the equivalent noise
with the covariance given by

o, = Etn'y(0n'y ()" = o) I,
+ 2 2 Py rENT ® (B Wi (OWh (R |
UL K U -
R/*,A”,l'
+ z v EXS by () By (1) St (18)
ke Uy b2k
R';*,k',l'
where
R;kl = Pk'l'T(S%*z'IT
® (E{a(az*/',,)aH(gz*z'p)} )
Tri wk'l’(t)wf'[’(t)E{b(gol*l’p)bu(gpl*l’p) i
R;*.If',['

(19)
Note that R’ . can be ignored in Kalman recusion for
the orthogonality. To obtain Rfkl fortunately, before
the pilots based estimation in cell [, the cells in other
groups have the exactly the information of
w,, (t)wh, (t). For this reason, it is assumed that
there is a coordination between the BSs to share
R;kl , which produces little overhead but provides a
better calculation of R]. e
Since the propagation coefficient ay,;, (¢) follows
the Jakes’ power spectrum of maximum Doppler fre-
quency f,, the variations of h,.,.,. () can be well ap-
proached by an AR process of order one
B (8) = ARy (0=1) +pu(2) (20)

whereu () is the state noise with the covariance matrix
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Si. Matrices A and Si are obtained via the Yule-Walk-
er equations :

_ -1
A =Ry Ry

ai = Rl*k*l*,l _ARf*k*l*,O (21)
with
R.o.,., =Elh. ...()h...(t-1)"
=8/ R R\ - (22)

where R_ = J,(2mf,TT,) is the time coherence ( T is
the block length, T is the symbol duration, and J,( *)
is the zero order Bessel function of first kind ).
R .o =Ela(8,.,.,.,)a"(6,.,..,) | is the §patial
coherence matrix, which can be obtained by 6,.,.,.
and A9,

The state model Eq. (20) and the observation
model Eq. (17) allow us to use Kalman filter to track
the channels through two stages:

Time update equations
e(t) =Ae(t - 1)A" +82, hy.pep (1 - 1)
= Ah,.,... (1 -1)

Measurement update equations ;

K(t) =& ()S;.[S,.e()S}. +a]"

e(1) = [I, - K(1)S,. &' (1)

ﬁz*k*/* (1) = ﬁzy*k*z* (t=1) +K(t)[y/. (1)

=Sk (1-1)]
where €' (t), £(t) are the a priori and the a posteriori
error estimate covariance matrix, K(t) is the Kalman
gain and h,.,.,. (1) is the estimated channel result.
Alsofypy (0) =0y, £(1) = 8.y Ryuyy o are

initiated.

Block =1,2,...,00
For g =1,...,G
BS 1, stops downlink transmit of user k"
BS lg, keeps downlink transmit of user k'
users Yk € U L transmit pilots
BS lg estimates channels under interferences from Uzg, = {k' }

BS lg shares leyk,’l!
if (Block =1)

!
9 <9
{ A _ o B 1
| 0lgrk”lg = @, < 26,] 01!% + 2, [> 26
else
!
g =9,
N B . _ .}
’l glg,k”lg + Priy I< 26, glg,k’lg + Py 26
end
End

Fig.4 Description of the proposed scheme
3 Simulation results
A symmetric multicell network that adopts the

model of a cluster of hexagonally shaped cells'® is pro-

posed. Some basic simulation parameters are given:

cell radius 1km, number of user per-cell 10, path loss
exponent y = 3, Carrier frequency 2GHz, pilot length
10 and Number of paths P = M, block length T = 100
and Doppler spread f,TT, = 0. 1. The AOAs have uni-
form distributions with the angle spreads A§ = 20 de-
grees of all channels. It is assumed that users uniform-
ly distributed on the cell edge d, =800m have 8, = 1
to its serving BS and accordingly, the variance of other
propagation coefficients can be obtained using the geo-
graphical distance d.

The proposed scheme ( Proposed) is evaluated
with 3 cell groups (Proposed (3)) and 7 cell groups
(Proposed (7)), respectively. In addition, the per-
formance of the proposed selective transmission using
time-shifted pilots and cell grouping but Bayesian esti-
mator ( STSP- Bayesian estimation ), the generall

135 and Kalman

transmission using time-shifted pilots
estimation ( TSP-Kalman estimation ), the transmis-
sions employing aligned pilots ( Aligned pilots) and co-
ordinated assignment of aligned pilots ( Coordinated
aligned pilots) """’ is presented.

Fig.5, Fig.6, Fig.7 and Fig. 8 give the perform-
ance versus number of antennas at BS with the down-
link SNR 12dB and uplink SNR 7dB. Fig.5 shows that
both the proposed selective transmission and the coor-
dinated aligned pilots have lower estimation errors than
the traditional transmissions using aligned pilots and
time-shifted pilots, because of the interference reduc-
tion by exploiting the special correlation. Besides, the
estimators also play an important role in estimation ac-
curacy that the proposed scheme performs better than
STSP-Bayesian estimation. Therefore, the proposed
scheme has much more flexibility and provides the low-
est estimation error by both the selective interference
reduction and effective filtering of interferences based

—H— Proposed (7)
——©— Proposed (3) M
—&— TSP-Kalman estimation (7)
—V— TSP-Kalman estimation (3)
—#— STSP- Bayesian estimation(7)
—9— Coordinated aligned pilots
— Aligned pilots

Channel estimation MSE (dB)
&

10 20 30 40 50 60 70 8 90 100
Number of antennas

Fig.5 Channel Estimation MSE vs. BS antenna number
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on the time-spacial correlation. Since the correlation is
increasing with the increased antennas, the proposed
scheme improves quickly with antennas from 10 to 40.

Fig. 6 shows the average received downlink SINR
at user versus the antennas increasing. Obviously, the
proposed selective transmissions have higher SINR, be-
cause of interference reductions from the stopped strong
interfering users. Also the estimation error plays an im-
portant role, and therefore the proposed scheme shows
better SINR. Moreover, the proposed scheme with 7
cell groups has higher average SINR than the case of 3
cell groups due to long time of stopping users and pilots

transmission in adjacent cells.

15 T T T T T T T T

—+&— Proposed (7)
—6— Proposed (3)
—4A— TSP-Kalman estimation (7)
—¥— TSP-Kalman estimation (3)
—*— STSP- Bayesian estimation(7)
—&— Coordinated aligned pilots
— Aligned pilots

.15 1 L L ' ! ! L L
10 20 30 40 50 60 70 80 90 100

Number of antennas

Fig.6 Downlink SINR vs. BS antenna number

—8— Proposed (7)
—©— Proposed (3)
35  —2— TSP-Kalman estimation (7)

—%— TSP-Kalman estimation (3)

—#— STSP- Bayesian estimation(7)
30 H —®— Coordinated aligned pilots
— Aligned pilots

N
W

15

10

Downlink throughput per cell (bit/s/Hz)
[\
(=1

0 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
Number of antennas

Fig.7 Downlink system throughput vs. BS antenna number

Fig.7 and Fig. 8 show the downlink and uplink
throughput per cell versus antennas increasing, respec-
tively. The proposed scheme has the higher throughput
both in the downlink and uplink due to the interference
reducing the filtering, which provides improvement

over the loss of the user stop when the antenna size is
large. In the comparison between the proposed
schemes of 3 cells groups and of 7 cell groups, the 7
cell groups have higher downlink throughput for aver-
age downlink SINR but lower uplink throughput for a
bit poorer channel estimation.
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Fig.8 Uplink system throughput vs. BS antenna number

Fig. 9 gives the channel MSE versus uplink SNR
with downlink SNR 12dB and M =50 antennas at the
BS. Both the proposed schemes and the aligned pilots
transmission have little estimation MSE improvement
with the SNR from 10dB to 30dB. It demonstrates that
the interference is the main factor affecting estimation
errors and thus the increase of power cannot provides
significant improvements. For this reason, the pro-
posed scheme gets a better performance by effectively
reducing interference.
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4 Conclusions

A scheme of selective transmission using time-
shifted pilots with cell grouping is proposed. Based on
physical channel models, the behavior of interfering is
analyzed. It shows that except for the intra-cell inter-
ferences , inter-cell interferences between the pilots and
data become the challenges. To cope with these prob-
lems, the interference by selecting users to temporally
stop transmitting and minimize the stopped users by
cell grouping design is reduced. Further, to deal with
the inevitably residual interference, the channel esti-
mation using Kalman tracking to filer out both the in-
terference and noise is proposed. The numerical results
show that both the proposed transmission and estima-
tion play important roles in the improvement of system
performance.
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