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Multiplexing Signals
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Let us consider that spatial division multiplexing (SDM) signal is
transmitted at a base station (BS) with a number of antennas to a mobile terminal (MT) with fewer
antennas. It will be intractable for the MT to demultiﬁlex the received SDM signal by spatial linear

filtering in the case of less degrees of freedom at the MT. Multiple-input and multiple-output with
collaborative interference canceller (MIMO CIC) is aﬁplied to demultiplex the received SDM signal
frame with the enhancement of degrees of freedom at the MT by sharing the other SDM signal frames
received at the surrounding MTs with higher-frequency radio forwarding called radio over
higher-frequency radio (RoHR). Even if pulse-code-modulated RoHR (PCM-RoHR) conducts data
compression using spatial corrlation, pulse-amplitude-modulated RoHR (PAM-RoHR) can achieve higher
compression efficiency of the frame transfer time and higher decoding reliability of the SDM signal
by adding a few MTs to the group of cooperating MTs.

PCM PAM SDM



MIMO
(Multiple Input and Multiple Output)

(Base Station, BS)
(Mobile Terminal, MT)

(Spatial Division
Multiplexing, SDM)
MIMO
Massive MIMO
SDM

(Channel
State Information, CSI)

CSlI

5G

(Collaborative
Interference Canceller, CIC)

MIMO CIC
SDM
MIMO
4-QAM
(Quadrature Amplitude Modulation)
2 MIMO
CIC 1
12 PCM
(Pulse Code Modulation)
SDM
MIMO

CIC

MIMO CIC

MIMO CIC

SDM

HR

4-QAM

LTE (Long-Term Evolution)
OFDM (Orthogonal Frequency
Division Multiplexing)
HR
PCM
PCM-RoHR (Pulse Code
Modulated Radio over Higher frequency)
PAM-RoHR
(Pulse Amplitude Modulated RoHR)
MIMO CIC

(Medium Access
Control, MAC) SSR-TDMA
(Short Slot Reservation Time Division
Multiple Access)

SSR-TDMA
SSR-TDMA
3
@
@
®) PAM-ROHR
(1)  SDM



PCM
MIMO CIC
MIMO CIC
@
@
R
@)
€))
SDM
€))
€))
1
1 HR
1
12 PCM
PCM-RoHR 1/4
R SDM
HR
@O @
€))
PCM-RoHR
@ @
€)) @ @
4
@ 2
€)

3 ®

LTE

OFDM
R
LTE Release 8 HR IEEE 802.11
HR
OFDM IEEE 802.11ac
B = 20/40/80/160 MHz
0.4 ps  OFDM
PAM-RoHR
B =20 MHz
R OFDM HR OFDM
1/B 1
ms LTE LTE
CRC

(Cyclic Redundancy Check) HARQ (Hybrid
Automatic Repeat reQuest)

TTI (Transmission
Time Interval)

1 10
M
RoHR HR
PCM-RoHR M
PAM-RoHR
M=
R SDM
4-QAM
7 1/2
R PHY 1.4
Mbps PCM-RoHR
16-QAM
7 172
PCM-RoHR 1
PCM 12
4.1.
NE=2
Nr =4
MIMO CIC RoHR
1 HR

(Normalized Frame Transfer Time)
PCM-RoHR M =1, 5, 10 B =40
MHz PAM-RoHR M =1 B =20 MHz

1 PAM-RoHR
PCM-RoHR
PANM-ROHR
PCM-RoHR
PANM-ROHR
PCM-RoHR 1/4
4
0.4
PANM-RoHR ROHR 10



0.8 —

0.6

0.4

0.2

Normalized frame transfer time

PCM(M=1) PCM(M=5)PCM(M=10) PAM

1. PCM-RoHR (B = 40 MHz)
20 MHz)

PAM-RoHR (B =

10°

A
N
AN

PCM: Nt=2,Nr=4 —¢—
PCM:Nt=2,Nr=5 —8—
PCM:Nt=2,Nr=6 —&— |

Bit error rate
o

PAM-RoHR PAM-RoHR
1 PCM-RoHR
PAM-RoHR  MIMO CIC
PCM-RoHR ~ MIMO CIC
HR
R SDM

Daisuke Umehara, Rieko Saiki, Receiver
cooperative MIMO-OFDM capacity with

qguantization error and spatial
correlation, Proceedings of ICSPCS
2017, , 1-6, 2017,

DOI: 10.1109/1CSPCS.2017.8270514
Daisuke Umehara, Shuhei Ueno, Ryota
Akagi, Receiver cooperative MIMO-OFDM

with higher-frequency radio
forwarding, Proceedings of I1CSPCS 2017,
, 1-6, 2017,

DOI: 10.1109/1CSPCS.2017.8270479

Yuto Katayama, Daisuke Umehara,
Koichiro Wakasugi, A mathematical
model of access control to allocate
downlink bandwidth 1in high-density
wireless LAN, Proceedings of ICSPCS

2017, , 1-7, 2017,
DOI: 10.1109/1CSPCS.2017.8270501
PCM-RoHR
, vol. 71, no. 2, 2017,

J74-379, DOl: 10.3169/itej.71.J74

Tatsuki Matsushita, Daisuke Umehara,
Koichiro Wakasugi, Poster: Power over
Data Lines for CAN using AMI code,

Proceedings of IEEE VNC 2016, ,
1-2, 2016,

DOI: 10.1109/VNC.2016.7835948
Natsumi  Sato, Daisuke Umehara,

Poster:

10°
0 5 10 15
Eb/NO [dB]
2.Eb/NO PCM-RoHR
10° PAM: Nt =2, Nr = 4 ——
g PAM: Nt=2,Nr=5 —a—
101 - PAM: Nt=2,Nr=6 —&— |
jol
B 02 t\;?k\
=]
5
P \Rl\\
10 \ \&\s\ »@ﬁ<\x
10° k\
0 5 10 15
Eb/NO [dB]
3.Eb/NO PAM-RoHR
4.2.
Nt=2
Nr =4 6
HR B =20 MHz  MIMO
CIC R HR
3
2 3
PCM-RoHR  PAM-RoHR
Eb/NO
PCM-RoHR
PAM-RoHR 2dB

Nr = 4

PCM-RoHR  Nr = 6

Koichiro Wakasugi,

Symbol

detection with OR rule for CAN FD,
Proceedings of IEEE VNC 2016, ,
1-2, 2016,

DOI: 10.1109/VNC.2016.7835949
Daisuke Umehara, Hidekazu Murata,
Satoshi Denno, Success prioritized
distributed coordination function,
IEICE Communications Express, )
vol. 5, no. 9, 2016, 303-308,

DOI: 10.1587/comex.2016XBL0O083

, PAM-RoHR

, 2018



, [Invited Talk] Design and
analysis of success prioritized
slotted ALOHA with sleep function,

, 2018
, CSMA/CA
, 2017
, LAN
, 2017
, 2017
, 2017

2017
, A study of received signal
sharing schemes for collaborative
interference canceller,
, 2017

2017
1/e
2016

o
UMEHARA, Daisuke



