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Relay Selection with Imperfect CSI in
Bidirectional Cooperative Networks

M. Jafar Taghiyar, Sami Muhaidat, Member, IEEE, Jie Liang, Member, IEEE,
and Mehrdad Dianati, Member, IEEE

I. INTRODUCTION

ANY researchers have recently focused on bidirec-
tional relaying channels to overcome the problem of
bandwidth loss in one-way channels [1]-[3]. In particular,
some of them have investigated the performance of these
systems in terms of the outage probability [1], [2]. There are
also a number of works on the relay selection in bidirectional
networks [2], [3]. However, many of the current results are
assuming perfect channel state information (CSI) at every
terminal. In [4], Vicario et al. have considered the outdated
CSI. However, their investigation is for the conventional one-
way relaying.
The main contribution of this letter is to analyze the effect of
the imperfect CSI on the outage probability of the bidirectional
networks when the best relay is selected.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

REFERENCES

H. Ding, J. Ge, D. B. da Costa, and Z. Jiang, “Outage performance of
fixed-gain bidirectional opportunistic relaying in Nakagami-m fading,”
IEE EL, vol. 46, no. 18, pp. 1297-1299 Sep. 2010.

M. Ju and L-M. Kim, “Relay selection with analog network coding in
bidirectional networks,” in Proc. 2010 Biennial Symposium on Commu-
nications, pp. 293-296.

X. Zhang, A. Ghrayeb, and M. Hasna, “On relay assignment in network-
coded cooperative systems,” IEEE Trans. Wireless Commun., vol. 10, no.
3, pp- 868-876, Mar. 2011.

J. L. Vicario, A. Bel, J. A. Lopez-Salcedo, and G. Seco, “Opportunistic
relay selection with outdated CSI: outage probability and diversity
analysis,” IEEE Trans. Wireless Commun., vol. 8, no. 6, pp. 2872-2876,
June 2009.

D. Gu and C. Leung, “Performance analysis of transmit diversity scheme
with imperfect channel estimation,” IEE EL, vol. 30, no. 4, pp. 402403,
Feb. 2003.

M. Abramowitz and 1. A. Stegun, Handbook Of Mathematical Functions
With Formulas, Graphs, And Mathematical Tables. Dover Publications,
1964.

I. S. Gradshteyn, I. M. Ryzhik, A. Jeffrey, D. Zwillinger, and S.
Technica, Table of Integrals, Series, and Products, Tth edition. Academic
Press, 2007.



E£4l 2 - BsZ=IR

S51RVNZE

Reorganization of polar cap patches through shears in the background

plasma convection

K. Hosokawa,' J.-P. St-Maurice,” G. J. Sofko,” K. Shiokawa,” Y. Otsuka,® and T. Ogawa4
Received 24 June 2009; revised 3 September 2009; accepted 2 October 2009; published 8 January 2010.

1. Introduction

[2] Polar cap patches are high-plasma density regions that
often appear in the polar cap F region ionosphere. They are
thought to be generated in the vicinity of the dayside cusp
region when the interplanetary magnetic field (IMF) is
directed southward. Once they are generated on the dayside,
they are transported toward the nightside across the central
polar cap along the streamline of the higher latitude portion of
the twin-cell convection pattern [Crowley, 1996; Hosokawa
et al., 2006; 2009b]. The horizontal extent of patches
typically ranges from 100 km to 1000 km, and the plasma
density within these patches is often up to 10 times higher
than that in neighboring regions [Weber et al., 1984].

[3] It 1s relatively well established that a “tongue of
ionization (TOI)” 1s a source of patches [Sojka et al.,
1993]. The TOI is a region with dense daytime thermal

(LT, &i8)
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Pedersen current carried by electrons in auroral D-region

K. Hosokawa'? and Y. Ogawa’
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[1] We present, for the first time, an appearance of Pedersen
current layer carried by the electrons in the auroral D-region.
Such a layer was detected by the EISCAT VHF radar in
Tromse, Norway when an intense pulsating aurora (PA)
occurred. Due to the high-energy electron precipitation
during the PA, a significant ionization was observed not only
in the E-region but also in the upper part of the D-region
(80-95 km). An altitude profile of the Pedersen conductance
derived from EISCAT exhibited two distinct layers of
enhanced conductance. The upper one occurred at ~120 km
altitude which corresponded to the normal Pedersen current
layer carried by the ions. The lower one appeared as a thin
layer between 80 and 95 km in altitude, which was mainly
carried by the collisional motion of electrons. Such an elec-
tron Pedersen layer is detectable only when the electron den-
sity is sufficiently high for allowing an appreciable current
to flow in the D-region. The Pedersen conductance at the
peak of the electron Pedersen layer was =8 x 10> S m ™',

1 1 1 A0/ oo ~oa ~ 1

Page 10f 5

current. Consequently, an altitude profile of the Hall and Ped-
ersen conductances generally has a single peak at ~100 km
and 125 km altitude, respectively [Brekke, 1997].

[3] When we discuss the formation of the DL it is assumed
that the electrons always drift in the E x B direction. How-
ever, near the bottom of the DL (say 80-95 km) v,,, becomes
more closer to €2,; thus, the electrons are weakly coupled to
the neutrals. In such a situation, the electrons will move
somewhat in the —E direction and can be a carrier of Ped-
ersen current. However, such an electron Pedersen current
has not been reported so far. This is because the electron
density is too low to allow the electrons to carry any appre-
ciable current in the D-region. However, the electron density
in the auroral D-region is known to be heavily enhanced
during an interval of high-energy electron precipitation for
instance pulsating aurora. In such a case, the electron Ped-
ersen current may flow in the bottom of the DL. In this paper,
we present an appearance of the electron Pedersen current

o~ 1 1 1 1
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Reorganization of polar cap patches through shears in the background
plasma convection

K. Hosokawa,' J.-P. St-Maurice,” G. J. Sofko,” K. Shiokawa,’ Y. Otsuka,® and T. Ogawa4
Received 24 June 2009; revised 3 September 2009; accepted 2 October 2009; published 8 January 2010.

[11 On the night of December 20, 2006, 630 nm airglow images obtained by an all-sky
camera at Resolute Bay, Canada (74.73°N, 265.07°E; altitude adjusted corrected
geomagnetic (AACGM) latitude 82.9°) showed the passage of successive polar cap
patches. Shortly after convection came to a temporary halt, one of the patches was
reorganized into two substructures in approximately 8 min. The two-dimensional
background ionospheric convection pattern measured using the newly deployed
PolarDARN radar at Rankin Inlet (62.82°N, 93.11°W; AACGM latitude 72.96°) showed
that a velocity shear of approximately 120 m s~ '/340 km suddenly appeared in the vicinity
of the patch at the time of reorganization. A qualitative analysis of the relationship
between the magnitude of the velocity shear and the distance between the divided patches
indicates that the shear in the background plasma convection velocity significantly
contributed to the reorganization of the patch. This shear structure appeared soon after a
southward turning of the interplanetary magnetic field (IMF) and was probably
associated with the reconfiguration of the convection pattern from a pre-existing
northward-oriented IMF pattern to a southward-oriented one. The present observations
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Magnetic conjugacy of northern and southern auroral beads

Tetsuo Motoba,' Keisuke Hosokawa,? Akira Kadokura,' and Natsuo Sato'

Received 5 March 2012; accepted 26 March 2012; published 25 April 2012.

[1] Auroral beads, i.e., azimuthally arrayed bright spots
resembling a pearl necklace, have recently drawn attention as
a possible precursor of auroral substorms. We used simulta-
neous, ground-based, all-sky camera observations from a
geomagnetically conjugate Iceland-Syowa Station pair to
demonstrate that the auroral beads, whose wavelength is
~30-50 km, evolve synchronously in the northern and
southern hemispheres and have remarkable interhemispheric
similarities. In both hemispheres: 1) they appeared almost at
the same time; 2) their longitudinal wave number was similar
~300-400, corresponding bead separation being ~1° in
longitude; 3) they started developing into a larger scale spiral
form at the same time; 4) their propagation speeds and their
temporal evolution were almost identical. These interhemi-
spheric similarities provide strong evidence that there is a
common driver in the magnetotail equatorial region that
controls the major temporal evolution of the auroral beads;
thus, the magnetosphere plays a primary role in structuring
the initial brightening arc in this scale size. Citation: Motoba, T.,
K. Hosokawa, A. Kadokura, and N. Sato (2012), Magnetic conjugacy

cameras have been performed in recent years [Sakaguchi
et al., 2009, and references therein]. However, it is still
unknown whether they always appear prior to auroral
breakup because there has been no statistical survey using a
large number of case examples. Using optical observations
from space, on the other hand, Elphinstone et al. [1995]
demonstrated that similar azimuthally spaced auroral forms
were identified for 26 out of 37 substorms. This implies that
the bead-like auroral structures could be a common mor-
phological feature in the pre-onset interval. Although the
mechanism producing the auroral beads is still controversial,
some of the previous studies suggested that the beads are a
manifestation of magnetospheric instability in the plasma
sheet [Cheng, 2004]. Thus far, however, there have been no
observations to support this idea. In particular, we have not
been able to eliminate the possibility that the auroral beads
are produced by a process working somewhere between the
magnetosphere and ionosphere (within or below the auroral
acceleration region).

[3] In this report, we present a case in which the auroral
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[1] Auroral beads, i.e., azimuthally arrayed bright spots
resembling a pearl necklace, have recently drawn attention as
a possible precursor of auroral substorms. We used simulta-
neous, ground-based, all-sky camera observations from a
geomagnetically conjugate Iceland-Syowa Station pair to
demonstrate that the auroral beads, whose wavelength is
~30-50 km, evolve synchronously in the northern and
southern hemispheres and have remarkable interhemispheric
similarities. In both hemispheres: 1) they appeared almost at
the same time; 2) their longitudinal wave number was similar
~300-400, corresponding bead separation being ~1° in
longitude; 3) they started developing into a larger scale spiral
form at the same time; 4) their propagation speeds and their
temporal evolution were almost identical. These interhemi-
spheric similarities provide strong evidence that there is a
common driver in the magnetotail equatorial region that
controls the major temporal evolution of the auroral beads;
thus, the magnetosphere plays a primary role in structuring
the initial brightening arc in this scale size. Citation: Motoba, T.,
K. Hosokawa, A. Kadokura, and N. Sato (2012), Magnetic conjugacy
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