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Abstract: This paper proposes use case for improvement of network capabilities.
Introduction

Next generation services should be available not only for stationary or pedestrian users, but also for users in cars or buses. Such users are enjoying “indoor” conditions, and especially in future cars (even self-driving) are able to use very sophisticated user interfaces for consuming high-definition video content, whether they are engaged in real-time video conferencing, gaming or non-real time video. It is likely that such users will require significantly higher amounts of data than pedestrian users who typically are more occupied by other things. The density of such users in a city can be significant. Still their velocities can easily be over 50 km/h. Also the high number of users requiring video content in a bus full of commuters leads to very high aggregate rates for buses moving at similar speeds (several gigabits per second for a single bus). Reaching such rates in a street-canyon environment is much more challenging than in an open environment.
The reference QoS requirements of similar scenarios from [1] are given in the Table 1. The values are similar to the METIS values in [2]. However, it is from neither of these documents not clear how to interpret these KPI values, e.g., if they are average or peak values for a given user. Also the applications are unclear. Additionally, there is some discrepancy: broadband access in dense areas specifies a speed range of 0-100 km/h. Such speeds can only be attained in vehicles. Still the rates defined for vehicles are much lower.
	Use case category
	User Experienced Data Rate
	E2E Latency
	Mobility

	Broadband access in dense areas
	DL: 300 Mbps
UL: 50 Mbps
	10 ms
	On demand, 0-100 km/h

	Mobile broadband in vehicles (cars, trains)
	DL: 50 Mbps
UL: 25 Mbps
	10 ms
	On demand, 0-500 km/h

	Ultra-high reliability & Ultra-low latency
	DL: From 50 kbps to 10 Mbps
UL: From a few bps to 10 Mbps
	1 ms
	On demand, 0-500 km/h


Table 1: NGMN White paper KPIs

5
Use Cases

5.1
Improvement of network capabilities
5.1.1
Description

The use case will study how to bring high-rate services to users in moving cars and buses in a dense urban environment. There are two ways to provide service to vehicular users. If the vehicles are equipped with a vehicular base station (for example WLAN), the cellular network should be able to provide a high-rate link to a car or bus. This is depicted below as Scenario 1. If such equipment is not available, the moving user equipment must have direct link to the cellular network (Scenario 2). As the car / bus rates are aggregates of those for a single user, the rate requirement is higher for links serving them.
Pre-conditions
There are multiple user applications which need to be supported: High Definition Video (streaming/non-real-time), High Definition Video (conversational/real-time), Cloud Computer Games – Low Latency Applications. It is assumed that majority of the game computations occur in the cloud, only video rendering in the user device (thin client).
Users of these applications are located in cars and buses moving up to 100 km/h in dense urban city centre. The streets in this use case have 6 lanes (counting both directions).
Looking from the view of specific applications, Table 2 gives the average needed values. These are taken as the basis for further use case definition.
	Application
	Average End User Throughput
	Latency (end-to-end)
	Latency (over the air)

	High Definition Video 8K (streaming)
	100 Mbps (DL)
	< 1 s
	< 100 ms

	High Definition Video (conversational)
	> 20 Mbps (DL)
	< 150 ms
	< 10 ms

	Cloud Computer Games with 4K 3D graphics – Low Latency Applications
	> 40 Mbps (DL)
	< 20 ms
	< 5 ms


Table 2: KPIs for three possible services
Scenarios
Scenario 1: Vehicular high-rate users in dense urban, connected through WiFi in vehicle

Video/gaming services to vehicular (up to 100 km/h) users (cars or buses) in city centre. Six lanes in a street canyon surrounded by at least six-story buildings. User terminals are connected to a WiFi access point in the car or bus, and therefore experience practically stationary radio link. The access point is connected to the fixed wireless network (either UDN, macro or micro cellular) through a mobile radio link. The average link rate is the sum of average rates of all the active users in the vehicle (defined below). For this use case, we can assume that 1/3 of the active users are engaged in real-time video (4K), 1/3 in non-real-time (8K video) and 1/3 in gaming (3D 4K video).
Each car: 2 active users.

Density of cars per lane: 5 cars per 100 m lane on four lanes (car lanes). For simplicity, all cars are assumed to move at constant 60 km/h.

Each bus: 30 active users.

Density of buses per lane: 3 buses per 100 m of lane on two lanes (bus lanes). For simplicity, all buses are assumed to move at constant 60 km/h.

Scenario 2: Vehicular high-rate users in dense urban, user terminals connected directly to cellular network

Similar to scenario 1. The only difference is that the user terminals are connected directly to UDN, micro or macro cellular systems. No WiFi in vehicles. This leads to much higher number of radio links with significantly lower rates.
Post-conditions
In both scenarios, 90% of the active users should reach the QoS required to support their service with good quality.
5.1.2
Potential Service Requirements

[PR-5.1.2-001] The network shall be able to provide the High Definition Video 8K (streaming) service for vehicular users with following performance indicators:
                            Average End User Throughput is 100 Mbps (DL)
                            Latency (end-to-end) is less than 1s

Latency (over the air) is less than 100 ms
Speed is up to 100 km/h
[PR-5.1.2-002] The network shall be able to provide the High Definition Video (conversational) service for vehicular users with following performance indicators:
Average End User Throughput is greater than 20 Mbps (DL)
                            Latency (end-to-end) is less than 150 ms

Latency (over the air) is less than 10 ms
Speed is up to 100 km/h
[PR-5.1.2-003] The network shall be able to provide the Cloud Computer Games ( 4K 3D graphics ) service for vehicular users with following performance indicators:
Average End User Throughput is greater than 40 Mbps (DL)
                            Latency (end-to-end) is less than 20 ms

Latency (over the air) is less than 5 ms
Speed is up to 100 km/h
5.1.3
Potential Operational Requirements

Void. 
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