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Abstract—This paper investigates the downlink throughput Il. SYSTEM MODEL
performance of the Grassmannian line packing (GLP)-based pilot
sequence design for time-duplex-division (TDD) massive multiple-  Consider a multi-cell massive MIMO cellular network with
i”pl.”tl'(m‘?l'titp'e'omp“t (M”}"o) tsﬁ’StemS- Wheb“ thef 'e_”gfh Oftthe L cells. Each cell includes a central BS equipped with
uplink pilot sequence is less than the number of single-antenna . .
uger eguipmeﬂts (UEs), the GLP-based scheme n?ay perform antennas serving single an'Fenna ,UES wherdl > K'_The
better than the pilot reuse scheme. With given number of UEs and channel vector from the UE in thei-th cell to the BS in the

pilot sequence length, the pilot design problem can be considered j-th cell is defined as

as the line packing problem in Grassmannian manifold. We

propose a closed-form achievable rate expression for the multi- = B e 1
cell scenario and evaluate the throughput improvement of GLP, Bt BB (1)

which is compared with the conventional pilot reuse scheme. h he | le fadi ffici h
Numerical results demonstrate the GLP-based pilot design can Where 0i; denotes the large-scale fading coefficient that

provide significant improvements in the system throughput over models the effect of path-loss and shadowing, dng; ;
the pilot reuse scheme. represents the small-scale fading and the vector contains i
dependent and identically distributed (i.i.d) complex &aan
random variables with zero-mean and unit variance.
We assume the block-fading channel model and the spec-
|. INTRODUCTION trum sharing among all the UEs. In TDD cellular communica-
tion environment, the coherence interval can be mainlydeidi
Massive multiple-input-multiple-output (MIMO) system-de into three phases: uplink training, uplink data transroissi
ploys a large-scale array of antennas at the base statéod downlink data transmission. In uplink phase, each UE
(BS). It is designed to support increased numbers of use@multaneously transmit its own pilot sequence to its BS for
equipments (UEs) and considered as a promising technolatannel training. Let the vectsr ; € C™*! denote the uplink
which attracted great interests recently. It is shown tiwh b pilot sequence from UE in the j-th cell with a pilot signal
spectrum and energy efficiency can be greatly improved tBngth of 7 andE[|s; ;|*] = 1. The correlation coefficient of
benefiting the increasing number of multiplexing gain antdhe pilot sequences between WEnd UEEL in the jth-cell is
the pairwise orthogonal channel property [1]. However, thdefined aSp?’k)j = |s'j}jsk7j|2, wherepf’k’j € [0,1]. For the
limited length of the coherence interval may cayséot BS in cell j, it receives the uplink training sequences from
contamination, which seriously affects estimation of the chanthe UEs in all the cells. Herein, the least squares method is
nel state information (CSI) and consequently might degradélized for channel estimation.
the system performance. The pilot design schemes such a$hanks to the channel reciprocity in the TDD operation, the
reuse are proposed to combat contamination [2]. In [3], tkatimated uplink CSI can be utilized to express the downlink
Grassmannian line packing (GLP)-based pilot sequencgmlesCSI. The maximum ratio transmission (MRT) precoding is
is proposed to reduce contamination other than the reusaployed in the downlink transmission. The received noisy
scheme. However, the discussion focuses on the estimatimwnlink signal at the UE in the j-th cell can be expressed
error performance and does not provide the theoreticayaisal as
of the pilot length on the throughput. The authors investiga

the throughput performance of different pilot schemes 4, o L \/7}1 _ K - N 5
the study is only in a single-cell system. Tig = ZZ; Pig B b1 kzqw ikt + 2z (2)
= =1

Contribution: In this study, the focus is on the downlink
achievable rate performance of a TDD multi-cell massiweherer; ; contains the signals from both BS in ceglland
MIMO system with GLP-based pilot sequences. The closetie others, andp;;; denotes the downlink transmission
form achievable sum rate expression for the multi-cellesyst power, andq;,; denotes the MRT precoding vector and
is proposed and comparisons are made with the conventiotjgl; denotes the data symbols transmitted by the BS in the
pilot reuse scheme. The numerical results show that the GLRh cell, andz; ; is the additive white Gaussian noise with
based pilot design significantly outperforms the pilot eus; ; € CN(0,07).
scheme and it brings large gains to the system throughput.
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IIl. GRASSMANNIAN LINE PACKING BASED PILOT DESIGN 180

-© M =64 & reuse
The GLP is a well known applied mathematics problem 1o |3 M=% &revse —p——
which aims to find the optimal packing &f-dimensional vec- |[Sm-ssacLr Grasamaman e
tors in a Grassmannian manifold by maximising the minimum M=128 & GLP

pairwise distance of the vectors. For massive MIMO system

with the case where < K, it is not possible to assign each
UE with an orthogonal pilot for the uplink training. Thaglot
reuse scheme assigns part of the UEs with orthogonal pilots
and the rest reuse these training sequences. As it is desire
to assign low cross-correlation pilots to UESs, inspired g t
GLP, it can also be utilized in pilot sequence design. Déffer 200
from pilot reuse scheme, the GLP can be applied to get the v i ‘ ‘ ‘ ‘ ‘ ‘ ‘
non-orthogonal pilots by minimizing the cross-correlatido 0 5 w1 Len;?hofpif; S s s
be more specific, the pilot sequences can be treated as gackin

K one-dimensional vectors in@(r, 1) Grassmann manifold.
The purpose is to maximize the pairwise distance betwe€
pilots which reduces pilot contamination. As a result, éhes
GLP-based pilot sequences might achieve better perforenanc
with limited 7. The correlation between pilot sequengeand the pilot reuse scheme with < K. The pilot reuse scheme
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. 1. Comparison of GLP based pilot design and pilot reuberse with
= 64,96, 128

s, can be interpreted as provides 7 UEs with orthogonal pilots and the remaining
) i ) (K — 7) UEs reuse these pilot waveforms.
Paysy = IST82|" =1 —d(s1,82), (3)  Fig.1 shows the achievable sum rate versus the length of

whered,.(s1,s2) denotes the chordal distance with a definitio
of d.(s1,s2) = \/1—|s'sa|2. It builds the relation between
the chordal distance and the correlation. Therefore, based
the GLP-based pilot sequence design, the downlink acHieval
sum rate can be obtained as follows.

ﬁ}e pilot 7 with different numbers of antennas at BS where
= 64,96 or 128. The centre cell contains 15 UEs and
the other 6 cells contain 5 UEs. With < K, the longer
Bilot sequence indicates that more UEs can be assigned with
orthogonal pilots and it causes less pilot contamination. |
the figure it can be observed that the GLP-based pilot design
Proposition 1. For a L cells TDD massive MIMO system has much higher achievable rates compared to the pilot reuse
serving K UEs with the length of training sequence of 7, the scheme as botf/ andr increase.
downlink achievable sum rate of the system with the GLP pilot

sequence design can be expressed as V. CONCLUSION
L K This extended abstract has investigated the performance of
Ro = (1— —)logy(1 + SINRCS)) (4) Pilot design based on Grassmannian line packing in multi-
;; T ’ ! cell TDD massive MIMO system. A closed-form achievable

sum rate is proposed and a numerical comparison is made
with the conventional pilot reuse scheme. The numerical
result clearly show the Grassmannian line packing based pil

where T' is the length of coherence interval; SINR,E;’:Z isgiven
by equation (5) at the top of the page and p% is represented

as design provides significant gains in system throughput. The
) 1— (==L L)) if K <r(r+1)/2 full version of this paper will present the proof of Propamsit
PG = 1— (%1)7 if K> 7(r+1)/2, 1 and more numerical results.
Proof. Proof will be given in the full manuscript. O REFERENCES
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