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Abstract
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TR TABEERITFREBDOICEENINAD . KHRTRE , TOBONFRREIZETSIET
DEEEZRBL CEHEHRASOE—LABRT7IIDVALZRR FHMELLE . £, TOKE,
EFEEECATVABRLMAICESEERER2HEIR2BH L.  RETIIVALTE,
BHULERBREZZTZIIAVALOFORCEZFIIAVALTHEDZHN>T1Y N7
OVALICEIKE—LBIREZRRELL  FEMII1L 232V IR RBEICLDERRE
RefmEL— Ntz | BREMBNFETSHIRET, LTE (Long Term
Evoluton® 7L —A7#—X Y NCEJEFMAEL L . TOHER , BRZR , RROBREBERAEE
(RSSI: Received Signal Strength Indicator)liCE 3 < E—ABIREICHN | U FTEREE TE
BT IVT—OBEERBLEBTEDEZRLE . ThSORRZE , BROERNELTHREKL
., BRAE RUGENOBRBELLIARIITOITFETHS .
In this research, we aimed at the realization of mobile communication using millimeter waves,
which was considered difficult to use in mobile communication. At high frequencies such as
millimeter waves, it is a problem that communication is easily interrupted due to blocking by
buildings and human bodies. For example, in the case of a building, such blocking may be a place
where blocking is easy depending on the place, and in the case of blocking by a human body,
there may be a place or time when there are many people. In other words, it depends on the place
and time. Therefore, we developed an algorithm to estimate and learn the likelihood of blocking in
each area from spatial statistical information such as connection status with terminals in each area
and movement status of each terminal and map data. If you have information such as the
probability of blocking as a database, update it online using the actual connection status. Usually,
when accumulating experience by connection from random initial state like reinforcement learning,
it takes time to obtain sufficient spatial statistical information for the environment. In this study, we
proposed and evaluated beam selection algorithms from multiple base stations considering the
time to reach the convergence state. At the same time, we derived an equation to estimate the
occlusion probability based on the stochastic geometry that has attracted attention in recent years.
The proposed algorithm proposes a beam selection method based on the derived occlusion
probability and the multi-arm bandit algorithm, which is a reinforcement learning algorithm in the
learning algorithm. The connection probability and transmission rate characteristics by the
proposed method were evaluated by computer simulation based on the frame format of LTE (Long
Term Evolution) in an environment with multiple base stations. As a result, it is shown that the
proposed method can significantly reduce the outage probability whose quality is less than the
required quality compared to the conventional beam selection method based on the Received
Signal Strength Indicator (RSSI). The results were presented at several domestic conferences. We
will also submit to international conferences and journals during April.
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Research on next generation mobile communication using millimeter wave based on stochastic geometry and learning algorithm

1. HIREBRFROBE

AHETIE, EE, BEBERBETIIEANRBELEZ SN TV EIYKREZRAN-BHXEEDERZHIELTHELR. SUKDLS
HERKETIE, BYMPAKIZEIERICKYBELBSICEMINDIZENBRELLS. TOLITERIE, FZEEMTHNIE, 5
FRICE > TGEBRLOTVMEIIEEAHY, =, AMRIZEZERTHNIE, ADXZSWGEFRTOEEAELAHD. THEHLEIGPRREIZK
EREFET DL DMND. FIT, £, ETUT7 TOHKREDEFTIRTORIHFERDBEIR R LV - ERFHEHER R T —274
EDD, ETY 7 TOEBRDEIYDLTIZHETERLVEET ITEH7IILTUILERELE:. T—8R—RELT, BEfROBIYDITIHE
DEREF->TVDIEEICIE, FhEEROEHFRAZANT, FUSAIVTEHRTS. BE, BIEZEDKLSIZ, SUF LLEIEIK
EMERICKIBEBEZERLTVWGGE L, REICHT S5+ 0EERMEHEREZBIDICERBANND. KT TIE, TOEDIX
FREIETIETHORMEEEBELEEREMENSOE —LBIRT7IILTYXLFRE-FFMLE. T, TOBK, BEEB SN T
DHEREAICE DT EREREHTEIXZEH L. BETZITUILTIE, EHUEERERLZE7ZILTDIALODOEERE
FILTVXLTHBEBNTAYRTILTY X LIZEIKE—LBIREZIREL . STEML IaL—2aVIkYIRERIC K DR
RUGEL—MEE, GHEMBEAEE T AIBE T, LTE (Long Term Evolution)D 7L —LTA— VR ZEDEEFHL=. TDHE
B EEERIL, EkOEEERME (RSSE Received Signal Strength Indicaton)|ZEDI<KE — LBIREIZLER, HHEATTEREET
BA7 0 T—UMEEZRNIBIER TESLETRLI:. ThoDORERE, BHOENERXTREL:. £, EERE -HXGE~ADER
BH4 ABIZITSFETHS.

2. MREBRRAEEOBE R

In this research, we aimed at the realization of mobile communication using millimeter waves, which was considered difficult to use in
mobile communication. At high frequencies such as millimeter waves, it is a problem that communication is easily interrupted due to
blocking by buildings and human bodies. For example, in the case of a building, such blocking may be a place where blocking is easy
depending on the place, and in the case of blocking by a human body, there may be a place or time when there are many people. In
other words, it depends on the place and time. Therefore, we developed an algorithm to estimate and learn the likelihood of blocking
in each area from spatial statistical information such as connection status with terminals in each area and movement status of each
terminal and map data. If you have information such as the probability of blocking as a database, update it online using the actual
connection status. Usually, when accumulating experience by connection from random initial state like reinforcement learning, it takes
time to obtain sufficient spatial statistical information for the environment. In this study, we proposed and evaluated beam selection
algorithms from multiple base stations considering the time to reach the convergence state. At the same time, we derived an equation
to estimate the occlusion probability based on the stochastic geometry that has attracted attention in recent years. The proposed
algorithm proposes a beam selection method based on the derived occlusion probability and the multi—arm bandit algorithm, which is a
reinforcement learning algorithm in the learning algorithm. The connection probability and transmission rate characteristics by the
proposed method were evaluated by computer simulation based on the frame format of LTE (Long Term Evolution) in an environment
with multiple base stations. As a result, it is shown that the proposed method can significantly reduce the outage probability whose
quality is less than the required quality compared to the conventional beam selection method based on the Received Signal Strength
Indicator (RSSI). The results were presented at several domestic conferences. We will also submit to international conferences and
journals during April.
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