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ABSTRACT

/ŶƚĞƌŶĞƚ

60 GHz band has recently been attracting attentions due to its highspeed communication. However, the high attenuation of radio power
in the 60 GHz band provides a narrow coverage area. In order to
overcome the disadvantage, this paper presents a novel communication scheme. The design is based on Content-Centric Networking
(CCN), which includes session-less communications and location
decoupling. We demonstrate that a user can use both 60 GHz and
lower frequency bands seamlessly and unconsciously.
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Figure 1: The concept of spotty networks.
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As previously described, the 60 GHz band provides high-speed
communication and covers an extremely narrow area. Such a network and its access point are called a spotty network and a Gigabit
Access Transponder Equipment (GATE), respectively. Fig. 1 illustrates the concept of spotty networks. A macro network covers a
whole area like current 3G/LTE mobile network, but provides only
low-speed communication. Spotty networks provide high-speed
communication at various narrow places, such as a ticket gate, an
entrance of a facility, and a utility pole near a sidewalk.
Our challenge is to maximize the beneﬁt of spotty networks when
users pass through the networks is a few seconds. The problems
are (1) the time consumption to complete the establishment of TCP
session could be too large, and (2) the backhaul network between
the GATE and a core network might become a bottleneck. The key
ideas of our scheme are a session-less communication to solve (1),
and a data prefetching to solve (2). We adopt the CCN since the
name-based content routing and in-network caching are suitable for
our solution. CCN makes our system easy to know which content
is downloading, and the GATE prefetches the data before the user
will arrive at the area.

1.

INTRODUCTION

Mobile data traﬃc has been growing rapidly, and this trends is
expected to continue in the future. Demand of high frequency bands
are increasing to cope with this growing. Utilization of the millimeter wave band is a key technology for the heterogeneous networks
that will be used in 5th generation wireless cellular networks (5G).
Especially, 60 GHz communication, which is standardized as
IEEE 802.11ad, can be used both indoor and outdoor environment
without license and provide up to 7 Gbps data transfer. However,
the high attenuation of radio power in the 60 GHz band provides
only a narrow coverage area, i.e., about 10 m. Since a moving user
passes through the coverage area within a few seconds, ordinary
TCP/IP communication cannot use the 60 GHz network eﬃciently.
In order to overcome the disadvantage of its narrow coverage
area, we proposed a concept of spotty network and a novel communication scheme for spotty networks [1]. We use Content-Centric
Networking (CCN) [2] to provide the seamless usage of the 60 GHz
network. Our demonstration shows the eﬀectiveness of the scheme
for oﬄoading traﬃc to the 60 GHz network.

3.

SPOTTY NETWORK

IMPLEMENTATION

Fig. 2 is the block diagram of our system. A controller predicts
user’s mobility and decides when and what content should be sent
from the GATE. Each function was implemented on Linux, and
we used CCNx 0.8 [3] as an implementation of CCN. Our implementation has three data ﬂows which are for downloading content
through the macro network (shown as solid lines), for prefetching
data (shown as dashed lines) and for downloading content through
the spotty network (shown as double lines). The application does
not require the awareness of the spotty network and the modiﬁcation
for transmission through the 60 GHz band since the wrapper hides
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Figure 2: The block diagram of our system.
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Figure 4: The screenshot of the smartphone.
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network) and has the 60 GHz wireless module that connects the
spotty network. To simplify the setup of our demonstration, a
laptop provides functions of sever and controller.
Fig. 4 is the screenshot of the smartphone. We can see a video,
Wi-Fi throughput, and millimeter wave throughput. The ﬂow of
our demonstration is given as follows. (1) A user starts to play
a video. (2) The smartphone receives a data through the macro
network. (3) The smartphone receives a prefetched data using the
communication of the 60 GHz band when the user enters the spotty
network. (4) After receiving the prefetched data, the smartphone
does not need to use the macro network. (5) When all the prefetched
data has been played, the smartphone receives a data through macro
network again. (6) Application is uninterrupted anytime between
(2) and (5).
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Figure 3: The setup of the demonstration.
connections.
Outside the spotty network, we can download content through
the macro network in the same manner as the normal CCN [2].
Namely, a client in CCN requests a piece of contents called named
data by sending an interest message that is routed to the server.
Prefetching data means that a GATE retrieves the desired data
and caches it. The controller predicts the client’s movement and
decides a schedule of data transfer. It then notiﬁes the schedule to
the GATE for data prefetching. This prediction is based on GPS
information on the client device or the detection of the Bluetooth
beacon sent by the GATE.
When the client enters the area of the spotty network, the GATE
sends the prefetched data through the 60 GHz band, and the client
caches it which the client will require in the near future. Thus, the
client does not need to send interests through the macro network
after he/she passes through the GATE.

4.

5.

ACKNOWLEDGEMENT

This research was supported by the Ministry of Internal Aﬀairs
and Communications of Japan (MIC) under its Research and Development for Expansion of Radio Wave Resources.

6.

REFERENCES

[1] A. Tagami, K. Yokota, C. Sasaki and K. Yamaoka. Splitting
Control-User Plane on Communication Protocol for Spotty
Network. In Proc. ACM MobiArch, pages 26–31, Paris,
France, Sep. 2015.
[2] V. Jacobson, D. Smetters, J. Thornton, M. Plass, N. Briggs,
and R. Braynard. Networking named content. In Proc. ACM
CoNEXT, pages 1–12, Rome, Italy, Dec. 2009.
[3] CCNx. http://ccnx.org/.
[4] SONY News Releases. http://www.sony.net/SonyInfo/News/
Press/201602/16-0229E/.

DEMONSTRATION

We demonstrate that our system can oﬄoad the traﬃc of video
streaming to the 60 GHz band. We constructed our system using
a prototype of the 60 GHz wireless module [4]. This module is
based on the ﬁrst draft of the IEEE802.15.3e standard, and it can
provide the user data rate of 6.1 Gbps. Fig. 3 shows the setup of
our demonstration. A smartphone connects Wi-Fi network (macro
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