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Abstract: This document proposes consideration on delay-/disruption-tolerant communication that supports verticals, incl. non-real-time big data collection in automotive application domain. (NOTE: For EPC, it will be proposed to start a work item at SA1#77 in order to meet the objective of this consideration. For 5G System, it is expected this topic is treated in study/normative work for SMARTER phase 2 in Rel-16.)
Discussion
A trend of the IT industry is collecting big data and processing them for realizing artificial intelligence driven services. The mobile communication industry got started to take part in it by partnering with verticals in the IoT domain. Unfortunately there is a vertical that has been left unattended: the automotive industry.
In the automotive industry there are various types of applications and data communication requirements. MBB and V2X in 3GPP have covered real-time applications, such as Intelligent Transport Systems (ITS), location probe and intelligent driving. Non-real-time applications, such as monitoring diagnostics and dynamic high resolution map generation, have not been well discussed and have to stay in MBB or V2X with excessive quality and cost. Non-real-time applications usually output big data which needs delivering from mobile devices to the enterprise network end. This possibly suppresses the bandwidth and therefore the enhancement of real-time applications. In addition, there remains less room for improvement in radio capacity for devices in high mobility and this may not assure the big data capacity. Massive MTC or NB-IoT is intended for a massive number of small low-power sensor devices, and seems less applicable for this issue.
In order to ensure such non-real-time big data capacity with reasonable cost, the data delivery, and even its processing such as data aggregation at the intermediate nodes, must be well diversified and distributed, instead of using premium MBB. Since vehicles hold storage and move at every moment, devices may be delay/disruption tolerant and could access to base stations under low congested condition. This could be done not only in a static fashion around night time and/or suburban area, but in more adaptive/opportunistic, e.g. smart RAN-aware, fashion. It could also be negotiable over the designated protocol interface. The data is not always delivered to the single point of the datacentre. Some is preferably delivered to regional datacentres via network edge. The summary of this use case is as follows;
· From vehicles to the datacentre: a data transmission can be deferred when a base station cannot afford to provide enough resource e.g., the base station is under congested conditions due to a lot of MBB communication. The datacentres are located in several regions and inter-connected in a distributed fashion. So preferably the data from each vehicle should be routed to the nearest datacentre to the vehicle.
· From the datacentre to vehicles: some data should be delivered from the centralized datacentre in an ordinary fashion but the other data should be delivered from the regionally distributed datacentre. Based on the data type to be delivered, the originator datacentre should be differentiated.

In short, automotive manufacturers start thinking to collect big data from vehicles, preferably at the reasonable charging rate in distributed fashion. Its communication is delay-tolerant and even disruption-tolerant, where vehicles hold data in days and send them to the network when and where it is appropriate. See Annex A for data communication requirements and diagrams for discussion. It is believed this thought is easily generalized for other verticals’ big data and artificial intelligence related businesses.
On the other hand, mobile operators have been looking for verticals that would use their network preferably in bulk when and where its capacity is not fully used. Mobile operators might be able to take a reasonable charging rate option into consideration for this usage. See Annex B for a statistics showing temporal and geographical dynamics of mobile traffic which implies temporally unused network resources.
This relation of requirements and compromises of two sides in terms of transferring big data is schematically shown below and appears mutually beneficial.
	Verticals
	
	
	Mobile operator

	Requirement
	· More data capacity at reasonable charging rate
· Data processing distributed in regional datacentres
	· Reasonable charging rate
	Compromise

	Compromise
	· Delay and disruption is accepted esp. for non-real-time data (such as M2M and big data)
	· Operation rate improvement (usage when the network is not fully used.)
· Off-loading near network edge
	Requirement



Additional assumptions and requirements are as follows. A UE is equipped with a vehicle. The UE is used both for the above-mentioned purpose and for others, e.g. infotainment. The delay- and disruption- tolerant nature applies only to data flow related to the above-mentioned purpose and not to others. The vertical is allowed to issue a request to trigger the UE to send data, although restriction or barring imposed by the network takes precedence. Charging is differentiated between the above-mentioned purpose and others: the former is settled between the vertical and the mobile operator and the latter is between the subscriber and the mobile operator. No battery restriction exists for the UE at the initial discussion. The solution applies independent of region, country and operator.
We also believe this use case is easily generalized, so that verticals from other industries could utilize it for their own big data and artificial intelligence related business.
Proposal
We would like to know your view on necessity of specification in 3GPP for this topic. If you agree with our belief that it’s worth setting up a work item and investigating this topic, the authors are willing to prepare a WID proposal at SA1#77 for EPC, targeting at its quick completion in Rel-15. For 5G System, it is expected this topic could be treated in study/normative work for SMARTER phase 2 in Rel-16.
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Annex A: Consideration from an automotive manufacturer
Table A.I: Data Communication Requirements (just an idea for discussion).

	Use cases
	ITS

[image: ]
	Location 
probe
[image: ]
	Monitoring 
diagnostics
[image: ]
	Dynamic map 
generation
[image: ]
	Intelligent 
driving
[image: ]

	Data
Output
	Low
[~10kbps]
	Low
[~1kbps]
	Moderate
[~3Mbps]
	High
[~100Mbps]
	Huge

	Urgency
	Critical
[~sub secs]
	Some
[~minutes]
	Non-real-time
[~hours]
[~days]
	Non-real-time
[~hours]
[~days]
	Some~High
[~seconds]

	Reachability
	Mandatory
	Occasional
	Selective
	Selective
	Preferable

	Computing Level
	In-vehicle
Edge
	Regional
(Global)
	(In-vehicle)
(Edge)
Regional
Global
	(In-vehicle)
Edge
Regional
(Global)
	In-vehicle
Edge
(Regional)
(Global)

	Radio
Access
	802.11p
Cellular(V2X)
	Cellular(MBB)
	Cellular(MBB)
(DT-MTC)
Wi-Fi
	Cellular(MBB)
(DT-MTC)
Wi-Fi
	Cellular(V2X)
Wi-Fi


							       Target application


Annex B: Temporal and geographical dynamics of mobile traffic
	DL traffic (June 2015)
UL traffic (June 2015)
DL traffic (June 2016)
UL traffic (June 2016)
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Fig. B.I: Hourly mobile traffic in Japan [1].
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Fig. B.II: Aggregated network load in each hour and hourly load of three top loaded base stations [2].
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Fig. B.III: Mobile traffic in Greater London. (a) Spatial projection of K = 6 clusters, with their interpretation in legend. (b) Actual land use maps as extracted from census data. (c) Signatures of the clusters in the different components of activity. (d) Deviations of the
signatures compared to the whole city signatures [3].
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