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1. Introduction
At the RAN#70 plenary meeting, a study item of ‘Scenarios and Requirements for Next Generation Access Technologies’ was approved, where the TR skeleton includes three usage scenarios(eMBB, mMTC, URLLC), use cases(deployment scenarios), and technical performance requirements with respect to general and scenario specific aspects. 
Since technical performance requirements for the next generation access technology are dependent on a variety of the use cases, it is important to clearly define which use cases are to be in 5G. For your information, [1][2][3][4] can be referred.  
In this document, we introduce two use cases and propose eMBB to be further categorized relying on the speed of the vehicles.
 
2. Discussion
Like eMBB in low speed scenario, it cannot be overestimated that eMBB in high speed scenario is becoming important since there needs a guaranteed QoS for the group of users in high speed vehicle [5]. To meet the requirements of the increased traffic demands it is necessary to investigate the available frequency bands for below 6GHz and more advanced technologies to enhance the frequency efficiency even in high speed environments. Meanwhile, the frequency bands for above 6GHz is being paid attention as IMT bands for the next generation, so enabling technologies in the frequency bands need to be developed while taking propagation characteristics into account. In addition, it would be also necessary to study how to manage both frequency bands in the system optimized for high speed scenarios. 
The following representative two use cases are  
· eMBB in a train (up to speed of 500 km/h) (use case-I)
· eMBB in a bus (up to speed of 120 km/h) (use case-II)

(Use case-I)
According to Cisco’s market forecast, mobile data traffic is predicted to increase 11-fold between 2013 and 2018. It also reads that proliferation of smart phones will lead the traffic increase. Consequently, this will also explosively increase the number of end users (e.g. passengers) of smart devices accessing the mobile Internet on the high-speed trains (HSTs), subways as well as tram. 
There are two main application categories of HST wireless communications, including train control services and passengers’ broadband services.

(1) Train Control Services: including GPS/GIS based vehicle info-information, onboard security video monitor, train status sensor info-information, ground urgent accidents warning, etc.
(2) Passengers’ broadband services: including information search, online game, video-on-demand, email checking, instant messengers, video/internet conference, web browsing，etc.
There are some technical challenges for the communication in high speed scenarios, including Doppler effect, Penetration and shadowing loss and mobility management, etc. Therefore, the existing standards are hard to meet the growing demand of end-users on the HST especially at the speed of up to 500km/h. Accordingly, providing more reliable and higher data rate communication services for HSTs is becoming crucial in this regard, and the first use case we propose in the document, eMBB in HST aims to provide a solution by employing a new promising technology such as mmWave mobile wireless backhaul (MWB) for HST capable of providing Gigabit-per-second data rate by taking advantages of the vast amount of spectrum remaining underutilized. The basic concept of network structure of the eMBB on HST, as shown in Figure 1, originates in the hierarchical two-hop network consisting of MWB link and access link inside HST, and several advantages are described as follows:
· It is advantageous that the system is capable of overcoming penetration loss with the antennas installed on the top of the train. If end-users on HST are directly served by the eMBB, the significant signal loss happens, especially in higher frequency bands such as mmWave, when signal penetrates into the carriages. Furthermore, it is even easier to guarantee LoS path, which is, as aforementioned, one of the most important requirement for the mmWave eMBB. 
· Group handover of HST can be performed instead of handover of each end-user causing huge handover signalling burdens.
· By connecting multiple RRHs controlled by one eNB, the single cell's coverage can be extended, and further the handover frequency is reduced. 
Moreover, link reliability enhancement and latency reduction for eMBB on HST are also key targets. Some of new applications for HST such as traffic safety and emergency control as well as real-time game service for on-board passengers may require much more reliable and lower latency compared with what is possible with the current mobile communication systems.
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Table 1 Key performance indicators and requirements for Use Case 1
	KPIs
	Requirements
	Comments
	

	Peak Data Rate
	[10-20] Gbps
	Per-train basis
	G

	Peak Spectral Efficiency
	[10] bps/Hz
	
	G

	Latency
	[2] ms
	U-plane latency
	G

	Mobility Interruption Time
	[2] ms
	
	G

	Average Data Rate
	[5] Gbps
	Per-train basis
	D

	User Experienced Data Rate
	[100] Mbps
	Up to vehicle speed of 500 km/h 
	D

	Mobility
	[500] km/h
	
	D



(Use case-II)
This use case mainly concerns about the 5G services may be requested by the users traveling on the roadway, especially for the on-board users using the public transportations (PTs), such as express bus, etc. Generally, the public transportations are moving with relatively high mobility and are capable of moving to everywhere. Therefore, the coverage and the consistent user experience should be guaranteed no matter how fast and where the vehicle is moving. Furthermore, it is reasonable to consider that a group of users may request the high quality mobile internet services for information, interaction, entertainment, and work simultaneously since their on-board time is usually long enough. The aforementioned situation forms the on-board user group to be a mobile hot spot, and a very high capacity will be required. Notice that the fast moving user group may lead to group handover from one cell to another cell, and the handover may happen frequently, which indicates that the handover successful rate and the interruption time will be the key technical requirements in this case. Also we can foresee that the realization of the automated traffic control and driving will come true soon, which will require an ultra-low end-to-end latency and a high reliable link for warning signals, etc.
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Figure 2 Use case for eMBB in bus

Table 2 Key performance indicators and requirements for Use Case 2
	KPIs
	Requirements
	Comments
	

	Peak Data Rate
	[10-20] Gbps
	
	G

	Peak Spectral Efficiency
	[10] bps/Hz
	
	G

	Latency
	[2] ms
	U-plane latency
	G

	Mobility Interruption Time
	[2] ms
	
	G

	Average Data Rate
	[5] Gbps
	
	D

	User Experienced Data Rate
	[100] Mbps
	Up to vehicle speed of 120 km/h 
	D

	Mobility
	[120] km/h
	
	D



3. Summary
In this contribution, we introduce two use cases for each of a bus and a train in high speed scenarios and summarize the technical performance requirements to be satisfied. Finally, we think eMBB for 5G should also provide UEs especially in high speed scenarios with sufficient data traffic and reliable control to guarantee QoS. 
Conclusions: 
· Inclusion of eMBB use cases in high speed scenarios
· Inclusion of technical performance requirements with/without 4G eNB support  
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