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ABSTRACT

In cellular communication systems employing millimeter wave (mmWave) bands for a link, a large amount of
training time and network resources will be required to find a serving BS with the best transmit and receive
(Tx-Rx) beam pair if downlink control signals are used. In this paper, a tracking technique for OFDM-based
cellular communication systems with a mmWave link, where an analog beamforer is used at the mobile station
(MS) and a digital beamformer is used at the BS, is proposed using an uplink signal. A technique to select a
serving BS with the best beam pair is described using the uplink preamble sequence based on Zadoff-Chu
sequence and a metrics which can be used to identify parameters such as beam ID (BID), MS ID (MID), and
direction-of-arrival (DoA). The effectiveness of the proposed technique is verified via simulation with the spatial

channel model (SCM) for a moving MS in mmWave cellular systems.
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Fig. 4. Block diagram of the proposed tracking technique
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Table 1. Parameters for simulation
Carrier frequency 28 GHz
Bandwidth 500 MHz
OFDM symbol length
(FFT size) 2048
Preamble sequence length 2039
CP length 256 samples
Subcarrier spacing 270 KHz
Site-to-site distance 500 m
K factor 15 dB
Number of antenna elements
16
at BS
Number of antenna elements 8
at MRS
Number of beams at MRS 36
Antenna spacing /2
Number of MRSs 10
MID 1-10
. 3,5, 7, 11, 13, 17,
Root index 19, 23, 29, 31
Number of BIDs o
(beamwidth of MRS) 36 (10)
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Table 2. RMSE of the estimated DoA when SNR varies
BS #1

-20dB | -15dB | -10dB | -5dB | 0dB | 5dB

RMSE
[degree]
(No STO,
No CFO)
RMSE
[degree]
(No STO,
CFO)
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[degree]
(STO,
No CFO)
RMSE
[c(lgirge] 092 | 035 | 022 | 021 | 020 | 020 Zl%-' 6. A whar)e] vl S Apye] AEeld At
CFO) Fig. 6. Simulation scenario for the proposed tracking
technique

091 | 034 | 021 | 0.19 | 0.18 | 0.18

092 | 035 | 022 | 020 | 0.19 | 0.19

092 | 035 | 022 | 020 | 0.20 | 0.19
BS #3

¥ 3. SNRe|| w}Z BID 4 &
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Table 3. Detection probablhty of the BID when SNR
varies
-20dB | -15dB | -10dB | -5dB | 0dB | 5dB
Probability
[%]
(No STO, 78 100 100 100 100 100
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[%]
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Table 4. Complexity comparison between the proposed
technique and the downlink technique

downlink technique proposed technique
processing . -
o NS N3 X N N
example 2,592 36
Nyop < (NBS) ) (N—1)
com lexit BSID B .I:’I/) e 4 .
plexity X NX NYS 5 58 X (3D+2N, ) N7
example 1,268,421,120 415,752
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