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Abstract. Millimeter wave (mmWave) system with massive multiple input
multiple output (mMIMO) meets increasing data traffic requirements. However,
fast beam tracking for vehicles with high mobility causes enormous overhead,
especially in an ultra-dense network (UDN) with frequently base station
(BS) handover. In this paper, we proposed a multi-site coordination beam
tracking scheme utilizing the spatial correlation of channel state information
(CSI) among different sites to reduce the signaling overhead for beam training
and handover. The scenario is a hyper-cellular network (HCN) with one control-
BS (CBS) and multiple traffic-BSs (TBSs). The proposed scheme consists of
two stages. In the first stage, more accurate position measurement of the moving
user equipment (UE) can be achieved by using uniform planar array (UPA), and
Extended Kalman Filter (EKF) is exploited in CBS to predict the UE’s location
in the next slot. In the second stage, the relationship between multi-site and UE’s
location is used by the CBS to remotely infer the candidate beam between each
TBS and the UE, and make a TBS handover decision when necessary. Given
that it is the CBS in charge of beam tracking between all the TBSs and the UE
centrally, the overhead for beam training and handover are both efficiently
reduced. Simulation results based on realistic 3D scenario show that the pro-
posed scheme can achieve 99% of the optimal spectral efficiency with fewer
overhead for beam sweeping and handover signaling.

Keywords: Beam tracking - Vehicle network - Multi-site - Extended Kalman
filter - Uniform planar array - Handover

1 Introduction

In recent years, the fifth generation (5G) mobile communications developed rapidly. As
a typical scenario in 5G, vehicle environment has received widespread attention.
Advanced technologies such as high precise road map, real-time position updating and
autonomous driving enhance the convenience and safety of driving. However, those
applications heavily rely on the vehicle network’s support for high capacity and low
latency in data sharing.
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The mmWave candidates to improve network capacity and increase data rate in 5G,
thanks to its huge spectral bandwidth at high frequencies from 30 GHz to 300 GHz.
Meanwhile, massive multiple input multiple output (mMIMO) is used to overcome
high propagation path loss of mmWave channels [1]. Power is concentrated into one or
more beams to communicate with remote users through beamforming. However, the
cost of obtaining higher beamforming gain is that the beam gets narrower. Vehicles
with high mobility may leave the coverage of one beam easily, resulting in frequent
beam misalignment. A traditional approach to address this issue is to periodically
transmit training beams to different directions sequentially in time and choose the
direction with the largest received signal-to-noise ratio (SNR) [2]. However, the sig-
naling overhead for simple beam sweeping is not acceptable in high mobility scenario,
hence more fast and efficient beam tracking methods are needed.

Some prior work of beam tracking considers to utilize the temporal correlation
between channel to improve the efficiency of beam alignment. On one hand, authors in
[3] define a novel concept called beam coherence time which is an effective measure of
beam alignment frequency. On the other hand, Kalman Filter plays an important role in
positioning and beam tracking to reduce pilot overhead and required SNR. In [4], a
linear Kalman Filter based angle domain channel tracking algorithm was designed to
acquire channel state information (CSI) in each coherence time. In [5], authors pro-
posed a Kalman Filter based tracking algorithm which focused on abrupt channel
changes (e.g., blockage), slow variations of angles of departure (AoD), and angles of
arrival (AoA). [6] proposed an Extended Kalman Filter (EKF)-based algorithm using
the position, velocity, and channel coefficient as state variables. Authors in [7] utilized
EKF to position prediction and related location-based beamforming for high-speed
train (HST) scenario in 5G New Radio (NR) networks. However, most of the above
mentioned methods focus on antenna system with uniform linear array (ULA), which
resulted in beam alignment errors in real three-dimensional (3D) environment.

Furthermore, in order to meet the rapidly growing demand for mobile data services,
ultra-dense network (UDN) reduces the transmission distance between BSs and UE
which yields to less path loss and higher traffic density by increasing the number of
small BSs [8]. However, there are two major challenge in UDN with high-speed
vehicle. 1) A huge number of densely small BSs increase pilot overhead and time for
beam alignment. 2) Handover between BSs causes large signaling overhead of core
network.

An effective framework in UDN called hyper-cellular network (HCN) is proposed
in [9] with separated coverage area of control channel and data channel, where control-
BS (CBS) and traffic-BS (TBS) take care of control information and data transmission
respectively. In this architecture, CBS performs centralized management and controls
TBS selection, which improves system energy efficiency and reduces core network
signaling caused by frequent TBS handover in vehicle environment. Because of the
common scatters and location-based light-of-sight (LoS) components, the CSlIs
between geographically separated CBS and TBS emerge nonlinear relevance, which
has a great effect on CBS centralized management and scheduling [10]. On this basis,
the non-linear correlation between the CSI of TBSs was studied and a neural network-
based remote channel interference scheme was proposed to reduce channel acquisition
overhead in [11]. Authors in [12] proposed a time-sequence channel learning
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framework to predict the beam direction of target roadside unit (RSU) in future steps
from the CSI of source RSU in the past period of time.

In this paper, we propose a multi-site coordinated beam tracking method in HCN
for vehicle environment to reduce the overhead for beam training and TBS handover.
The basic idea is to track the beam direction of TBS based on the UE’s position
information from CBS, and determine TBS handover from serving TBS to target TBS
in each slot. The main challenge is that the precision of position prediction based on
beam training has a significant effect on the multi-site coordination performance when
UE moves with high velocity in practical three-dimensional mMIMO environment.
Hence, we adopt an EKF-based position prediction scheme to improve the estimation
accuracy. Besides, UPA with flexible 3D beam direction provides more exact position
measurement.

The main contributions of this work are summarized as follows.

1) An efficient EKF based positioning and beam tracking method for wideband 5G
systems is proposed, and the associated position measurement based on UPA is also
developed.

2) Based on the spatial correlation of multi sites, a geometry based beam inference
method is applied to reduce the overhead for beam training. Besides, a novel TBS
handover scheme is proposed which jointly considered position and reference signal
receiving power (RSRP).

3) The performance of the proposed scheme is evaluated based on ray-tracing channel
data in real urban scenario, and the simulation result shows that the spectral effi-
ciency for TBS reaches 99% of the upper bound with lower overhead in beam
sweeping and TBS handover.

The rest of paper is organized as follows. Section 2 describes the considered system
model, including HCN scenario, channel models and transmit and receive signal
structure. In Sect. 3, the proposed location-based multi-site coordination beam tracking
scheme is developed and presented. Finally, the performance of the proposed approach
is evaluated and analyzed in Sect. 4, while the conclusions are drawn in Sect. 5.

Notation: Bold upper and lower case letters represent matrices and vectors, respec-
tively. The transpose and conjugate transpose of a matrix are denoted as (-)" and (-)”,
respectively. Furthermore, |-| and ||-||, represent the modulus of a complex number and
the 2-norm of a matrix, respectively.

2 System Model

As shown in Fig. 1, we consider an HCN with one CBS and multiple TBSs, and UE
moves straightly along the road with high velocity. In order to save overhead for beam
training and TBS handover, the CBS predicts the UE’s position in future slots based on
EKF, and centrally selects candidate beams for each TBS to communicate with the UE
based on geometric method. If the link between the serving TBS and the UE satisfies
the condition for handover, the CBS controls TBS handover and sends the predicted



274 X. He et al.

beam direction to TBS through backhaul link. An efficient TBS handover scheme
based on UE’s location is also proposed.

Traffic-BS

Fig. 1. Schematic of the proposed location-based multi-site coordination beam tracking scheme

Assume that both BSs and the UE are equipped with UPA and single radio fre-
quency (RF) chain. The number of antennas of the BS and UE is M), gs and M}, yg in
each row, M, gs and M, yr in each column, respectively. To improve positioning
accuracy, a 3D beam steering codebook is adopted to generate the communication
beam pairs, which is the Kronecker product of two 2D codebook in vertical and
horizontal direction, i.e.

Frr=Frr, @ Fgr), (1)
where
1 27 . 27k
FRF,V(m, k) = TV’UECXP <] Tdvm s (2[()> (2)
1 2n 2nk
F k) = — —d| in( —- 3
rEH (1, k) Mioz exp <] 1 piM SIN ( 7K )) 3)

where 4 is the wavelength of carrier frequency, d, and d;, denotes the distance between
adjacent antennas in vertical and horizontal, respectively, which are equal to the half of
wavelength. K denotes quantization resolution of AoA/AoD.

For the uplink, an analog precoder fgr € CM-veMivex! jg applied at UE, and single
data stream is precoded and then transmitted on each antenna. As fgr is implemented
with the phase shifter which can only change the phase of transmitted signal, each

element of fgr has a unitary magnitude, i.e. |fzr(i,j)| = ————. At the BS, the

/My ueM,uE
received signals are firstly processed by an analog combiner wgy € CMrasMiss*l \which
is generated by the phase shifter similar with fgp that |wgr(i, /)| = L

/My psMi s’
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The detected signal at BS can be written as
r; = ngH,prs, + ngn (4)

where, s, € C which consists of N, sampling points is the uplink orthogonal
frequency-division multiplexing (OFDM) signal at time #, and can be written as
s, = [s:(0),s,(1),...,8(Ny)], where the n-th sampling point is defined as

N—

—

)

S(k)e (5)

|~

si(n) =
k=
where, S(k) is the k-th subcarrier of OFDM symbol, and N denotes the number of
subcarriers. n € CM#sMiss*Ns denotes the additive white Gaussian noise, each entry of
which follows the independent and identically distributed (i.i.d.) complex Gaussian
distribution with zero mean and variance o?2.
Furthermore, according to the multi-path time-varying channel model in [13], the
uplink channel vector is given by

-1
H, = Z oq,,e’j(% +00) (()Z‘t, (p;"t) a’ ((92’;, (p,”;) 1o (t — ‘E[,,) (6)
=0

where, [ = 0 corresponds LoS path, and other parameters are discussed in detail below.
oy, denotes complex gain based on path loss and shadowing, 1;; = dj, / ¢ denotes
corresponding delay for the I-th path whose length is dj,. 07,07, € [-n, =) and
@7y, @y € [0, ) denote the azimuth and elevation angle of the I-th path of UE and
BS, respectively. ¢,,=2nf.7;, denotes the phase caused by carrier frequency f.,
¢r,1,=2mfa.,t denotes Doppler phase shift for the /-th path. The Doppler shift for the

129 X
v cos 0}, cos f,

I-th path is defined as f;;,= —————", where v is the velocity of UE. a(@f’f,, gofj) and

a(@ﬁ , qoﬁ) denotes the UPA steering vector of the UE and the BS respectively. We

assume that the UPA is deployed on y-z plane. By taking the UE side as example, the
steering vector can be written as

a(0rs o) = a (05 o) @ an (05, o1t (7)

where ® denotes the Kronecker product, and the steering vector in vertical and hori-
zontal are written as

1

AV MV,BS

. 1T
oot 224, sin 0% i(M, gs—1)22d, sin 0™
aV(Olﬁt’qDIfcz): {1,6’4 si 1,,’_'_’61( BS )A z,z} (8)



276 X. He et al.

21 < O o X
1’ €]7dh cos 07 sin (/7“, e

of (Miss—1)%d) cos 0 sin wf:‘;] (9)
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When data is transmitted from the TBS to the UE, the spectral efficiency can be
expressed as

PTBS WII%IFHfRFfZFHHWRF) (10)

R; =log, (1 + 2

H
n WrrWRF

where Prpg is the power of TBS transmitted signal.

3 Location-Based Multi-site Coordination Beam Tracking

In this section, we propose a location-based multi-site coordination beam tracking
scheme in HCN for vehicle environment. In spite of mMIMO system with beam-
forming enhances the spectral efficiency by concentrating signal power on one or more
beams, beam misalignment caused by high mobility in vehicle environment leads to
frequently beam sweeping, thus increases overhead of beam training. In the proposed
framework, we focus on finding the optimal beam of the TBS based on coordinated
position prediction by the CBS with low beam training overhead.

In order to introduce the proposed method, we first give some high-level analysis.
The optimal beam pattern of TBS is determined by the CSI at TBS, and it can be
obtained by the CSI of CBS as well as the spatial correlation of CSI between the CBS
and the TBS. However, due to the high complexity of calculating the full-dimensional
CSI estimation in mMIMO, we transform the beam inferred problem into angle
domain. Note that the correlation of angle domain CSI is mainly decided by the AoA
from the UE to the CBS and the TBS. Moreover, the beam direction is strongly
connected with the AoA of LoS. Therefore, the optimal beam pattern of each TBS can
be inferred by the UE’s position. Besides, considering the temporal correlation of
channel, we can predict the UE’s position in each time step by EKF, so that the
positioning accuracy is improved.

Therefore, the proposed method is divided into two stages, i.e. position prediction
stage and multi-site coordination stage. In position prediction stage, the CBS estimates
the time of arrival (ToA) and AoA of the UE from the received uplink pilot to obtain
the UE’s position. At the same time, based on the estimated position and the temporal
correlation of positions in motion function, the EKF is used to predict the UE’s position
in the future. In multi-site coordination stage, the CBS determines TBSs’ candidate
beams for downlink data transmission on the basis of the geometric relationship
between the predicted UE’s position and multiple TBSs’ position. Subsequently, the
CBS controls TBS handover based on position and RSRP jointly. As a result, the beam
searching complexity and overhead for handover signaling are both reduced.
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3.1 EKF-Based Position Prediction

In this part, we propose an EKF-based position prediction scheme. The EKF obtains a
more accurate state estimation, according to combining the initial state estimation of
the system at the next moment, and the feedback obtained from the measurement. That
is why the EKF is an effective method in trajectory prediction problems with nonlinear
model function.

In order to reduce measurement error and enhance estimation performance of EKF
in the proposed scheme, UPA is equipped on both BSs and UE to provide more
accurate spatial position information in 3D mMIMO scenario. In this part, position
measurement based on the received signal of UPA is introduced first, then the EKF
procedure used for position prediction is presented.

Position Measurement

Consider a UE located at any point P with coordinates (p,C7 Dy pz) in Space rectangular
coordinate system, and the CBS located at the origin. A major concern is that the CBS
has difficulty measuring the UE’s coordination directly. However, directional beam
between the CBS and the UE will provide angle domain information. Consequently, we
indicate the UE’s location in spherical coordinate (R, 6, @), where R denotes the dis-
tance between the CBS and the UE, 6 and ¢ denotes azimuth and elevation AoA of
LoS. The distance is expressed as the product of TOA for LoS path and the speed of
light. Therefore, the position measurement is based on TOA and AoA estimation for
LoS.

The estimation of ToA and AoA is based on the periodic UL SRS transmitted by
the UE, however, the major problem is the multi-path effect. The transmitted signal
arrives at receiver side through multi-path with different propagation delays and angles,
which causes delay spread and angle spread for received signal. Instead of extracting
channel parameters with complex calculation, correlation analysis and beam sweeping
are utilized for TOA and AoA estimation.

We assume that the control link between the CBS and the UE is unblocked, the LoS
component in the received signal has the maximum power, thus the LoS component in
received signal has the strongest correlation with the transmitted signal. Hence, the
TOA of LoS can be estimated by cross-correlation between the received signal and the
known SRS, and the correlation method takes advantages of processing low SNR
signals.

The cross-correlation function observed in the CBS can be written as

N;—1

cfn] =Y " (n — m)r(m) (11)

m=0

where s(/m) is the known SRS transmitted from UE. We neglect the synchronized error
between CBS and UE. By finding the sample index where the absolute value of

correlation is maximum, the estimation of TOA can be obtained, and is written as 7= Fi,

where 7i = arg max|c[n]| denotes the estimated TOA in samples and Fj is the sampling

frequency.
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After the ToA has been estimated, we will execute AoA estimation by beam
sweeping. Due to multipath with different AoAs, the received signal consists of LoS
and NLoS components, i.e. y,, and y,;,,. Beamforming is used to compensate the
phase difference of y,,, by controlling the phase shifter, so that the amplitude of y,,,
from different antennas increases after combining. On the contrary, y,,;,, Will not obtain
beamforming gain due to the phase delay of the phase shifter does not match the phase
difference of y,;,, on each antenna.

According to the previous analysis, the beam direction with the highest received
power can be regarded as the direction of LoS based on the above assumption that LoS
exists. The specific process is shown as follows.

Firstly, the CBS chooses the optimal received beam by maximizing received signal
power. The corresponding codeword is defined as

2
S H
- ; 12
Wi, argwglaX{(HW,quz)} (12)

where i, is the candidate beam index. The set of candidate beam index is given as
I = {iq|q =1,..., Q}, where Q is the size of candidate beams. In initialization stage,
the CBS performs exhaustive beam sweeping to connect with the UE, which means
Q equals to the total number of CBS beams. Once the UE’s position is predicted, the
CBS performs narrow-range beam sweeping around the estimated AOA in last time
step, and Q can be set in a small value.

After the best received beam is identified through beam sweeping, we need to
determine the azimuth and elevation AOA, i.e. 6 and ¢, according to the corresponding
codeword W,-q. We assumed that the number of antenna and the distance between
adjacent antennas in horizon and vertical are equal to M and d, respectively. According
to the analysis above, w; can be expressed as the conjugate transpose of the steering
vector, and is written as

1

2 —j%d(m, sin 0+ my, cos 0 sin @) e*j(M*l)%”d(Sino“r cos 0 sin @) T (13)
M

W,'q: 1,...,8 oo ey

Furthermore, w; can be represented as the Kronecker product of w; , and w; ,,

(CMXI (CMXI

where VAV,'q,h S and \?V,'qu S are the codeword in horizon and vertical
directions, respectively. Therefore, 6 and ¢ can be estimated by the main lobe angle of
Wi,v and W; ;. i.e. &; , and &; .

Finally, based on (13), the azimuth and elevation AOA can be estimated by

9:

L>

i (14)

X (sind,
¢ = arcsin| —— (15)
oS &,



Location-Based Multi-site Coordination Beam Tracking 279

EKF-Based Prediction

In order to reduce the overhead of beam sweeping and improve beam alignment
accuracy, the CBS predicts the UE’s position based on EKF, which linearized the non-
linear measurement model to the currently estimated state [14].

The state model at the kth time step is defined as x,, = [p}, p},vi,v}]", where p?, p!
are the x-coordinate and the y-coordinate of the vehicle, and v{, v, are the velocity
components in the x-direction and the y-direction, respectively. We initialized the state
model as xp based on beam sweeping and TOA estimation. Furthermore, the state
transition model and measurement model are given as

Xk = f(Xk-1) + Wi (16)
Zx = h(Xk) + vk (17)

where z is the measurement vector. Moreover, f(+) and k(-) are the state transition and
measurement model function respectively. wx ~N(0,Q) and vx ~N(0,R) denote
process noise vector and measurement noise vector. Q € R>*? and R € R**? are the
covariance matrices for process noise and measurement noise, respectively.

The assumption that the UE moves straightly with constant velocity results in linear
state transition function, which is defined as

I ArlL
f(xk-1) = Fxi_q = < 212 2X2>Xk—1 (18)
022 Lo

where At is the time interval between two consecutive states.
Furthermore, the UE’s distance and angle is measured by the CBS, which are non-
linear with position coordinates. The measurement model function can be expressed as

h(xg) = (lei)z + (PZ)z (19)
arctan(p}/p})

The covariance matrix for process noise which is defined based on continuous
white noise acceleration model in [15], is given by

Q=0 Al Ay (20)
' A7’212x2 Atlyyo

where o2 is the variance of UE’s velocity.
In each time step k, the EKF-based estimation method consists of two stages:
prediction stage and update stage.



280 X. He et al.

In prediction stage, the priori estimated state vector in current time step Xyx—p i8
obtained based on transition model function given in (18), i.e. Xkx—1 = f(Xk_1jk-1)-
Moreover, the priori estimated covariance Py_; can be written as

Pyt = FP_ 1 F7 +Q (21)

where Xy _yjx—1 and Py_yx_ are the posterior estimated state vector and covariance at
the last time step.

In update stage, the priori estimate which is updated based on measurement model
function given in (19), is expressed as

Xk = Xk—1 + Ki(zx — 2 (Xgk-1)) (22)
Py = (I — KxHy )Py (23)
where Ky is the Kalman gain given by

P qHy
Hi P Hy + Ry

Kk (24)

where Hy = %“Bk‘k,l is the Jacobian matrix of the nonlinear measurement model
function £(-) evaluated at Xyx_;, and can be derived as

2 % 0,0
2 2! 2 v )
Hy = mp -0 V) e o (25)
G W

3.2 Multi-site Coordination Beam Tracking Scheme

We have mentioned that it is quite difficult to acquire the complete CSI for each site
individually, which takes up plenty of pilot resource. The location of multiple BSs and
the UE can be used as a link for the CSI nonlinear correlation. Therefore, in this part,
we consider to use geometric relationship between locations to determine the optimal
beam direction between each TBS and the UE. Subsequently, we proposed a novel
scheme for TBS handover based on the UE’s position to reduce unnecessary switching
on the condition of ensuring good performance.
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Serving Beam Inference for TBS
As the UE’s position is predicted, instead of exhaustive sweeping on the entire beam
set, the serving beam direction between each TBS and the UE can be identified through
a beam sweeping within a narrow range around the predicted UE’s position. The
candidate beam set can be obtained by geometric method based on the AOA between
the TBS and the UE. Therefore, the size of candidate beam set significantly decreases,
thus leads to low beam training overhead for each TBS.

The estimated azimuth and elevation AOA from each TBS to the UE are given by

g)TBSj = arctan pZ’TBjj — P - (26)
(px‘TBS,- —ﬁx) + (Py,TBsf - ﬁy)
(s, = arctan W} (27)
! x,TBS; — DPx

where (f)x, Dy, faz) is the UE’s predicted position, and (PxA,TBsﬂ Dy.TBS; Pz,Tst) is the
coordinate of the j-th TBS that known by CBS. Since LoS path has the strongest power,
the candidate beam pair for each TBS and UE is obtained around éTst and Qrgs;.

Finally, the best beam pair is selected from the candidate set by beam refinement
between each TBS and the UE.

TBS Handover Judgement

Besides serving beam prediction, the CBS will judge whether the serving TBS han-
dover occurs when the UE’s position changes. According to RSRP measurement for
two adjacent TBSs, the serving TBS with stronger signal can be determined. However,
RSRP measurement requires beam training between each TBS and the UE, and the
overhead is non-negligible. Note that closer communication distance leads to lower
path loss, it is reasonable to choose the serving TBS for the UE based on the distance to
each TBS. Although closer TBS may experience deeper fading than the remoter TBS,
the distance difference makes the RSRP between two TBSs most likely has a small gap,
thus the handover leads to limited gain. Consequently, we propose a joint strategy for
TBS handover to reduce the overhead. If the distance difference between UE and two
TBSs is larger than a certain threshold, the closer TBS is determined as serving TBS
directly. Otherwise, RSRP report about each TBS is used as handover condition, the
flow chart is introduced in Fig. 2.
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Fig. 2. Flow chart of TBS handover

In the proposed handover method, the serving TBS and target TBS is initialized by
CBS before position prediction. We define a high handover probability area (HHPA)
whose center at the midpoint of serving TBS and target TBS, and its radius is one-
quarter of the distance between two adjacent TBS. The handover condition corre-
sponding to mode 1 and mode 2 depends on whether UE locates inside HHPA, and is
introduced as follow.

Mode 1: Firstly, the CBS calculates the distance between each TBS and the estimated
UE’s position, and chooses the nearest TBS as the serving TBS. Next, the CBS sends
control information including candidate beam indexes to the serving TBS and the UE
on the backhaul link and PDCCH respectively. Finally, the serving TBS performs beam
refinement with the UE on each candidate beam pair and selects the optimal serving
beam pair.

Mode 2: The CBS sends candidate beam indexes to each TBS and the UE on the
backhaul link and PDCCH respectively. Both the serving TBS and the target TBS
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perform beam refinement with UE on candidate beams transmitted by CBS. Subse-
quently, based on the RSRP report of each beam pair from the UE to the CBS on
PUCCH, the CBS finds the best beam pair of the serving TBS and the target TBS with
UE. The handover process controlled by the CBS starts when the target TBS becomes
stronger than the serving TBS, and is defined as a trigger event. After the trigger event,
the CBS waits for a certain time duration i.e. time to trigger (TTT). The TBS handover
occurs if the RSRP of the target TBS is always stronger than the serving TBS during
TTT, and the serving beam index is transmitted to the serving TBS by the CBS on the
backhaul link, whereas the beam index at UE side can be determined by UE itself
before RSRP report without feedback from the CBS.

4 Simulation

In this section, we evaluate the performance of the proposed location-based multi-site
coordination beam tracking method. In order to make our simulation scenario more
realistic, the ray-tracing channel parameters for a practical urban environment is gen-
erated by Wireless InSite [16]. As shown in Fig. 3, two TBSs located within the
coverage of one CBS are equipped with 8§ * 8 UPA, while the CBS is equipped with
16 * 16 UPA. The height of the CBS and TBSs are 32 m and 12 m, respectively, and
the downlink (DL) transmit power of TBS is 40 dBm. UE is equipped with 4 * 4 UPA,
and moves straightly with constant velocity 20 m/s. The spacing of two adjacent route
point is 0.3 m, and the number of route point is set to 500. The quantization resolution
in 2D steering codebook is set to 8 and 1 for BS and UE, respectively. With regard to
the OFDM configurations, the carrier frequency is 28 GHz, and the bandwidth as well
as subcarrier spacing are 100 MHz and 120 kHz, respectively. Furthermore, the noise
spectral density is set to —174 dBm/Hz.

Fig. 3. Simulation scenario

Figure 4 and Fig. 5 show the MSE for estimated distance and AoA against the UL
transmit power, respectively. Position is predicted based on UPA in our scheme, while
ULA is equipped in [6]. Given that UPA can flexibly adjust beam directions in both



284 X. He et al.

horizon and vertical, it leads to more accurate beam alignment and position prediction
than ULA in practical 3D mMIMO scenario. It is shown that the MSE of distance and
Ao0A estimation is reduced significantly by using UPA, which are both at the level of
1073 at high transmit power.

—©— EKF with ULA (6] |
—&—EKF with UPA | |

MSE of Estimated Distance

-5 0 5 10 15 20
UL Transmit Power (dBm)

Fig. 4. MSE for distance estimation

T ]
—©— EKF with ULA (6] | |
—&— EKF with UPA

MSE of Estimated AcA

-5 0 5 10 15 20
UL Transmit Power (dBm)

Fig. 5. MSE for AoA estimation

Figure 6 illustrates the average spectral efficiency (SE) in DL from the serving TBS
to the UE when the UE moves along the route. The performance of proposed algorithm
has 8.8% improvement over the ULA based algorithm in [6] by using the UPA, and
achieves about 99% of the upper bound which is defined as the performance with the
optimal beamforming vector from UPA codebook by exhaustive beam searching. The
result verify that it is reasonable and efficient to track the beam direction for the TBS
utilizing the UE’s position predicted by the CBS in multi-site scenario, and more
accurate position information performs better. In addition, compared with the TBS
handover based on RSRP report, the proposed algorithm based on HHPA has almost
no performance loss as long as UL transmit power is larger than 10 dBm.



Location-Based Multi-site Coordination Beam Tracking 285

= Upper bound
12 ULA, handover based on distance [6] |
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=
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Fig. 6. SE in DL from serving TBS

Figure 7 compares the TBS handover times and beam sweeping complexity for the
four schemes. The exhaustive beam searching scheme has the maximum handover
times and also the highest beam sweeping complexity which yields unacceptable pilot
overhead in each slot. Due to extremely low tracking loss, the complexity of beam
training in the proposed multi-site coordination scheme is reduced by about 1000 times
because of location-based narrow-range beam sweeping. Furthermore, handover based
on HHPA lower the frequent TBS handover, which also promotes the reduction of 1/3
pilot overhead in handover based on RSRP. To sum up, the result shows that the
proposed method has a significant advantage in reducing the complexity of beam
training and TBS handover times.

108 '
[ Upper bound

[ ULA, handover based on RSRP [6]
[E1UPA, handover based on RSRP

5
10° || I UPA. handover based on HHPA

TBS handover times Beam sweeping complexity

Fig. 7. TBS handover times and beam sweeping complexity, P, = 15 dBm
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5 Conclusion

In this paper, we propose a location-based multi-site coordination beam tracking
scheme in HCN for vehicle communications. The entire procedure consists of two
stages, i.e. position prediction stage and multi-site coordination stage. In the first stage,
according to the accurate spatial position measured by UPA, EKF was applied in the
CBS to predict the user’s position. In the second stage, the optimal beam pattern at each
TBS is inferred based on the geometry approach relied on the UE’s position, and the
TBS handover is determined by position and RSRP report jointly. The numerical
results show that the proposed scheme achieves 99% of the maximum spectral effi-
ciency with low beam sweeping complexity and handover overhead.
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