3GPP TSG-SA WG1 Meeting #72	S1-154349
Anaheim, CA, USA, 16-20 November 2015    	(revision of S1-154038)	

Title:	FS_eMBB traffic scenario for 5.1 Higher Capacity
Agenda Item:	8.4
Source:	Huawei, Hisilicon, China Mobile, Telecom Italia
Contact:	Laurence Meriau laurence.meriau@huawei.com

Abstract: This document provides text (mainly extracted from current SMARTER TR) for 3 eMBB scenarios:  Higher Capacity, Wide Area and Higher mobility for section 5.1 Higher capacity. 

I) SMARTER TR requirements for 3 scenarios in  “Higher Capacity” family

The following 2 eMBB families (defined in S1-153154) have some common use cases (1st figure) and can be grouped into 3 traffic scenario (2nd figure) based on Annex (detail of SMARTER TR).
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II) Proposed text for eMBB TR
Based on above discussion, the following is proposed for eMBB TR:
· Update “Higher Capacity” with 2 traffic scenarios above: “Very High capacity” and “Wide Area consideration”:
· Add a generic text for Description section 5.1.1: this text comes from the agreed SID text with some changes and summary of the traffic scenario identified above for this family
· Add 2 traffic scenario descriptions for the identified traffic scenarios summarizing the use cases identified above and associated potential requirements.
Note:
· We excluded NEO aspects from eMBB updates: for ex separate broadcast traffic characteristics that could stay in eMBB from the broadcast service description itself that could be in NEO.
· All proposed text mostly comes from existing SMARTER TR use cases and potential requirement text. The text has been modified with the goal to give a generic scenario description. We expect SA1 floor discussion for the consolidation.
***** BEGIN 1st CHANGE *****
[bookmark: _Toc408371049][bookmark: _Toc433219791]5.1	Higher capacity
[bookmark: _Toc408371050][bookmark: _Toc433219792]5.1.1	Description
Describe what the use case family intends to achieve. 
Editor’s Note: This description comes from eMBB SID objective section 5.1.1 with some additions to clarify the 3 different traffic types identified in use cases.
The family “Higher Capacity” covers scenarios with system requirement for the transport of high volume of data traffic or transport of data for high number of connections (devices density or connection density). 
One typical scenario enable users to upload and download a very high volume of data from servers, handle high resolution real-time video conferences, etc., while end-users can be under indoor or outdoor and in a densely populated area but with no high mobility needs. 
[bookmark: _Toc433219793]5.1.2	Traffic scenarios
[bookmark: _Toc433219794]5.1.2.1	Traffic scenario Capacity improvement scenario1 title
Text to be provided.
Editor’s Note: This description comes from SMARTER TR section 5.5, 5.6, 5.7, 5.11, 5.56 with some additions to clarify the traffic scenario.
In an office scenario, users frequently upload and download data from company’s servers and uses interactive services e.g. real time video communications with colleagues. Users are expected to be indoor.
In a hotspot scenario with high user density, depending on time of day (e.g. morning, evening, weekday vs. weekend etc.) and the location (e.g. shopping mall, downtown street, stadium), there could be high volume and high capacity multi-media traffic upload and download towards internet. Users can be either indoor or outdoor. Meanwhile when a user is indoors, it is either stationary or nomadic; however, when a user is outdoor it may travel slowly.
A specific capacity consideration is also expected to enable support of broadcast transmission of scheduled linear time Audio and Audio &Video programmes, e.g. 4K UHD with 3GPP device capability.
[bookmark: _Toc433219795]5.1.2.2x	Wide-Area consideration for High Capacity traffic scenario Traffic scenario x title
Text to be provided
Editor’s Note: This description comes from SMARTER TR section 5.10 and 5.7 with some additions to clarify the traffic scenario.
Users hope mobile broadband services (online games/videos, and augmented reality, etc.) will become more and more popular and helpful and are provided wherever they go, for example, urban areas, rural areas or in stadium during an event. Mobile broadband scenario are to be considered as provided in wide-area coverage and in area on-demand, allowing the users can get the consistent broadband data user experience everywhere, even when terminals enter areas with a high traffic density.

[bookmark: _Toc433219796]5.1.3	Potential requirements
Text to be provided.
Editor’s Note: text from this section is from SMARTER TR potential requirement which needs clarification
For both indoor and outdoor scenario, and non-wide area coverage, while the user is moving slowly, the following very high capacities are expected:
· the user experienced data rate up to Gbps of level and the peak data rate at tens of Gbps
· the whole traffic volume in the area at least the level of Tbps/ km2
· low latency for user experienced data exchange;
Editor’s Note: clarification of low latency is FFS
The 3GPP system shall provide guaranteed user experience for mobile broadband services like live video in areas with a high UE density which requires user experienced data downlink rate of 300Mbps and uplink rate of 50Mbps in 200-2500 /km2 connection density.
The 3GPP system shall provide consistent users experience when terminals enter the areas with a high UE density which requires user experienced data downlink rate of 50Mbps and uplink rate of 25Mbps in 2000/km2 connection density. 
For wide area coverage, the system shall support user data rate anytime and anywhere, e.g., 100Mbps.
**** END OF CHANGE *****




Annex: information to support SA1 discussion i.e. not for eMBB TR: 
1) Table summarising of all eMBB Higher Capacity  use cases and requirements copied from the SMARTER TR:

	“Higher Capacity” use cases 
(TR use cases titles)
	TR Use case description 
(copy of TR description text)
	Traffic characteristics 
(copy of TR requirements text)
	Proposed Conclusion

	5.5  Mobile broadband for indoor scenario

	In an office scenario, the users and their serving nodes are expected to be deployed indoors. The coverage area per each serving node is small. Ideal backhaul infrastructure should be available and could be optimized. 
Users frequently upload and download data from company’s servers and they are various in size which could be up to terabit of data.  Real-time video meeting within the campus and/or over the internet would be the normal work mode.  The productivity is dependent on the efficiency of the system response time and reliability. 

	Support user experienced data rate up to Gbps of level,

Support user peak data rate at tens of Gbps
Support very low latency for user experienced data exchange
Support the whole traffic volume in the area at least the level of Tbps/ km2
 
	Perf needed: Very High data rate (up to Gbps), very low latency and high traffic volume for small indoor coverage area

No specific UE move requirement identified, we consider this is for no/low mobility.

	5.6  Mobile broadband for hotspots scenario
	In dense urban areas, users can be either indoor or outdoor. The coverage area is wider than the office scenario. Backhaul availability would be one of the key issues in this scenario, especially if the backhaul is wired. 
Self wireless backhaul can also be considered which allows flexible deployment of serving nodes and potentially reduces the cost of the networks. Precise network planning would be difficult, considering the deployment cost, backhaul capacity and scalability etc.  Random or semi-random network planning should be considered.
Given it is a dense urban area, dependent on time of day (e.g. morning, evening, weekday vs. weekend etc.) and the location(e.g. shopping mall, downtown street), there could be high volume and high capacity multi-media traffic upload and download towards internet as well as D2D communications. The traffic volume per cell is very large.
Meanwhile when a user is indoors, it is either stationary or nomadic; however, when a user is outdoor it may travel slowly.
	Support the user experienced data rate up to Gbps of level while the user is moving slowly.
the peak data rate at tens of Gbps while the user is moving slowly.
 
Support the whole traffic volume in the area at least the level of Tbps/ km2.
 
	Similar to 5.5 on Very High data rate and traffic volume but with different consideration: wider coverage than indoor scenario, user is moving slowly, no latency requirement and dense urban area.

	5.7  On-demand Networking
	Generally, network areas with UE high density distribution varies with the time, and moving vehicles or crowds. In these hot spots, high date rate and low latency network capabilities in ultra-high connection density should be provided by operators. On-demand networking should be provided by operators to meet the distribution variation. It includes moving areas with UE high density and HD video/photo sharing in stadium/open-air gathering use cases defined in the NGMN 5G white paper [2]. In HD video/photo sharing in stadium/open-air gathering use case, operators can get the event information in advance in stadium/open-air gathering to prepare to provide the high date rate and low latency network capability. In moving hot spots, operators may have to analyse historical statistical and recent network data and to track the areas with UE high density distribution in a short time, so as to provide network capabilities to hot spots on demand. 
	Provide guaranteed user experience for mobile broadband services like live video in areas with a high UE density which requires user experienced data downlink rate of 300Mbps and uplink rate of 50Mbps in 200-2500 /km2 connection density.
 
Provide consistent users experience when terminals enter the areas with a high UE density which requires user experienced data downlink rate of 50Mbps and uplink rate of 25Mbps in 2000/km2 connection density.
	Looks to be similar as 5.5 (very high data rate, low latency and high traffic volume) but with consistent user experience when user enters in area with high user density

New consideration brought by this use case: the capacity is “on-demand”, i.e. not always needed in the area: propose this consideration to be done in NEO and not in eMBB  “The 3GPP system shall be able to adjust the network capacities dynamically based on the variation of demand and performance indicators.”

Also for NEO: “The 3GPP system shall support flexible and efficient backhaul especially outdoor”


	5.10       Mobile broadband services with seamless wide-area coverage
	Mobile broadband services such as mobile cloud office, online games/videos, and augmented reality, etc. will become more and more popular and helpful. People hope mobile broadband services are provided wherever they go, for example, urban areas, rural areas, high-speed railways and fast ways between cities. That is to say, mobile broadband services are provided in seamless wide-area coverage.

[end-user] gets consistent user experience of mobile broadband services on his trip, including on the taxi, the high-speed train, and the rural areas with the assist of operator’s network.
	 For wide area coverage, the system shall support user experienced data rate for mobile broadband services anytime and anywhere, e.g., 100Mbps.
The system shall support fast-moving end-users, e.g., 500km/h.
The system shall support low latency for high speed scenario.
 The system shall support high connection density for high speed scenarios, e.g., 500 active UEs simultaneously.
	High data rate (100 Mbps) but lower than 5.5, low latency and high connection density with consideration on speed,
New consideration= , consistent eMBB end-user experience everywhere.

	5.11       Virtual presence
	Provide interactive services for high data rate zones: Phil works in a multinational company which has offices in many big cities. He has regular meetings with colleagues based in other countries. He uses to have real time 360° video communications: he wears Virtual Presence glasses, allowing to be merged in a meeting room where he can see all his other colleagues sitting around a table. He can interact with them in real time as if they were just in front of him.
	 The system shall provide high bandwidth (bidirectional) and low latency. In Office environments, this implies also a full indoor coverage.
Note:  a range of values for bandwidth and latency should be clarified
	Looks to be similar as 5.5: High data rate, low latency and high traffic volume for indoor coverage



	5.29 Higher user Mobility
	Vehicles, trains and aircrafts will demand enhanced connectivity for in-vehicle/on-board entertainment, accessing the internet, enhanced navigation through instant and real-time information, autonomous driving, safety and vehicle diagnostics. Entertainment is a key driver for the increasing need for mobile broadband capacity, including high mobility environments such as trains, cars and airplanes. On the other hand the automotive sector is expected to be a very important new driver for 5G, with many use cases for mobile communications for vehicles. The degree of mobility required (i.e. speed of travel) will depend upon the specific use case.
	The 3GPP system shall support enhanced mobile broadband services in fast moving vehicles (e.g. up to 500 km/h) with enhanced user experience. 
The 3GPP system shall support enhanced connectivity services in fast moving airplanes (e.g. up to 1000 km/h) with enhanced user experience.
The 3GPP system shall be able to provide the mobile broadband service in fast moving vehicles with enhanced system experience.
The 3GPP system shall be able to provide the airplanes connectivity service with enhanced system experience.
	consideration on speed,

	5.32 Improvement of network capabilities for vehicular case
	Bring high-rate services seamlessly to users in moving cars and buses in a dense urban environment [considering] 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 and only video rendering is performed by the user device (thin client).
	Support the High Definition Video 8K (streaming) service for users in vehicles with following performance indicators: Average End User Throughput is [100] Mbps (DL), Latency (end-to-end) is less than [1]s, Latency (over the air) is less than [200] ms, Speed is up to 100 km/h (from [4] Dense Urban).
Support the High Definition Video (conversational) service for users in vehicles with following performance indicators: Average End User Throughput is [10] Mbps (DL and UL), Latency (end-to-end) is less than [150]ms, Latency (over the air) is less than [30] ms, Speed is up to 100 km/h.
Support 4K/8K immersive interaction and 3D Cloud Computer Games service for users in vehicles with following performance indicators: Average End User Throughput is [50-120] Mbps (DL or UL), Latency (end-to-end) is less than [7.5]ms, Latency (over the air) is less than [1.5] ms, Speed is up to 100 km/h
	Some characteristics are dependant from others, for vehicular case with  speed consideration

	5.53 Vehicular Internet & Infotainment
	Provision of internet to the vehicle and its use for general browsing and infotainment. A high quality data connection and good coverage makes possible the reliable delivery of media and internet to a vehicle. This facilitates the provision of infotainment by internet as a standard feature of vehicles in the future.  
As well as infotainment from the general internet, dedicated infotainment suppliers for vehicles may become available. Built-in, dedicated vehicular UE registered to a network with an active data connection OR Portable UE tethered to the vehicle and registered to a network with an active data connection.
Vehicle entertainment system linked to a dedicated or tethered UE.
	Provide a consistent data rate that is high enough to support the chosen media: For internet browsing and general information at least [0.5Mb/sec], For high quality music streaming at least [1Mb/sec], For standard quality video streaming at least [5Mb/sec], For high quality (up to UHD) video streaming at least [15 Mb/sec]
Low latency is not critical for media streaming, however, a latency of no more than [100ms] for internet browsing shall be provided
providing the required connection quality in densely populated roads where up to [2000] vehicles in a given service area [1km2] will be accessing data. 
The 3GPP system shall be able to deliver the required connection quality up to 200km/hr.” & “The vehicles could be moving at speeds ranging from 0km/h (e.g. in a traffic jam) to 200km/h.”
	Some characteristics are dependant from others, for vehicular case with  speed consideration

	5.56 Broadcasting Support
	Support an enhanced form of MBMS that includes transmission of scheduled linear time Audio and Audio &Video programmes. 
	Support broadcast of lossless state of the art video streams such as 4k UHD.


	Very high capacity perf needed: 4k UHD characteristics for broadcast services to be considered for eMBB.



	
	
	Support an interface from external Broadcasters’ management systems.
The 3GPP system shall be able to reserve groups of resources for Broadcast channel” & “allow the UE to receive broadcasts selected by the user (from the Broadcaster’s management system) in accordance with any appropriate authorisations by the Broadcaster.” “The 3GPP device shall be able elect to receive a reduced quality version of the broadcast for display on their device screen (typically less than 12”) or a full quality version of the same channel for presentation  to a video presentation monitor (typically much larger than their device , ie:32” to 72”screen size)”
	Other information looks to be  broadcast service need, for NEO




2) Extract of SMARTER TR v1.0.0 (S1-153003) 
Text below is extract from SMARTER TR. 
The text highlighted in green is the one copied/pasted in column 1, 2 & 3 of the table above.
[bookmark: _Toc429665378]5.5	Mobile broadband for indoor scenario
[bookmark: _Toc429665379]5.5.1	Descriptions of typical use case in office scenario
In an office scenario, the users and their serving nodes are expected to be deployed indoors. The coverage area per each serving node is small. Ideal backhaul infrastructure should be available and could be optimized. 
Users frequently upload and download data from company’s servers and they are various in size which could be up to terabit of data.  Real-time video meeting within the campus and/or over the internet would be the normal work mode.  The productivity is dependent on the efficiency of the system response time and reliability. 

[bookmark: _Toc429665380]5.5.2	Potential Service Requirements
The 3GPP system shall support user experienced data rate up to Gbps of level.
The 3GPP system shall support user peak data rate at tens of Gbps;
The 3GPP system shall support the whole traffic volume in the area at least the level of Tbps/ km2.
The 3GPP system shall support very low latency for user experienced data exchange.

[bookmark: _Toc429665381]5.5.3	Potential Operational Requirements
---------
[bookmark: _Toc429665382]5.6	Mobile broadband for hotspots scenario
[bookmark: _Toc429665383]5.6.1	Description
In dense urban areas, users can be either indoor or outdoor. The coverage area is wider than the office scenario. Backhaul availability would be one of the key issues in this scenario, especially if the backhaul is wired. Self wireless backhaul can also be considered which allows flexible deployment of serving nodes and potentially reduces the cost of the networks. Precise network planning would be difficult, considering the deployment cost, backhaul capacity and scalability etc.  Random or semi-random network planning should be considered.
Given it is a dense urban area, dependent on time of day (e.g. morning, evening, weekday vs. weekend etc.) and the location(e.g. shopping mall, downtown street), there could be high volume and high capacity multi-media traffic upload and download towards internet as well as D2D communications. The traffic volume per cell is very large.
Meanwhile when a user is indoors, it is either stationary or nomadic; however, when a user is outdoor it may travel slowly.
[bookmark: _Toc429665384]5.6.2	Potential Service Requirements
The 3GPP system shall support the user experienced data rate up to Gbps of level while the user is moving slowly.
The 3GPP system shall support the peak data rate at tens of Gbps while the user is moving slowly.
The 3GPP system shall support the whole traffic volume in the area at least the level of Tbps/ km2.

[bookmark: _Toc429665385]5.6.3	Potential Operational Requirements
The 3GPP system shall support flexible and efficient backhaul especially outdoor
------------
[bookmark: _Toc429665386]5.7	On-demand Networking
[bookmark: _Toc429665387]5.7.1	Description
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Generally, network areas with UE high density distribution varies with the time, and moving vehicles or crowds. In these hot spots, high date rate and low latency network capabilities in ultra-high connection density should be provided by operators. On-demand networking should be provided by operators to meet the distribution variation. It includes moving areas with UE high density and HD video/photo sharing in stadium/open-air gathering use cases defined in the NGMN 5G white paper [2]. In HD video/photo sharing in stadium/open-air gathering use case, operators can get the event information in advance in stadium/open-air gathering to prepare to provide the high date rate and low latency network capability. In moving hot spots, operators may have to analyse historical statistical and recent network data and to track the areas with UE high density distribution in a short time, so as to provide network capabilities to hot spots on demand. 
Here are two examples of on-demand networking.
There is a football match in the Beijing National Stadium this afternoon. Near to ninety thousand audiences will come to watch the match. During the match, audiences may share HD live video with friends who are not at the scene, or post HD photos to the WeChat, a social APP. These applications will require a combination of ultra-high connection density, high date rate and low latency. Operators can provide the network on demand in the stadium area. When the match is over, all the audiences will return home. There is no need to provide high network capability. So the operator should change to very low network capability with the demand variation.
While moving vehicles or crowds (e.g., moving mass events such as walking/cycling demos or a long red-cycle of a traffic light) will generate capacity variation (from almost stationary to bursty), the hot spots areas can be tracked and operators can realize dynamic and real-time provision of capacity for these areas with a high density of Ues moving fast.

[bookmark: _Toc429665388]5.7.2	Potential Service Requirements
[bookmark: OLE_LINK6]The 3GPP system shall provide guaranteed user experience for mobile broadband services like live video in areas with a high UE density which requires user experienced data downlink rate of 300Mbps and uplink rate of 50Mbps in 200-2500 /km2 connection density.

The 3GPP system shall provide consistent users experience when terminals enter the areas with a high UE density which requires user experienced data downlink rate of 50Mbps and uplink rate of 25Mbps in 2000/km2 connection density.

[bookmark: _Toc429665389]5.7.3	Potential Operational Requirements
The 3GPP system shall be able to adjust the network capacities dynamically based on the variation of demand and performance indicators.
-------
[bookmark: _Toc429665401]5.10	Mobile broadband services with seamless wide-area coverage
[bookmark: _Toc429665402]5.10.1	Description
As a basic scenario of mobile communications, the seamless wide-area coverage scenario aims to provide seamless service to users. In future, mobile broadband services such as mobile cloud office, online games/videos, and augmented reality, etc. will become more and more popular and helpful. People hope mobile broadband services are provided wherever they go, for example, urban areas, rural areas, high-speed railways and fast ways between cities. That is to say, mobile broadband services are provided in seamless wide-area coverage [3] [4] [5]. 
Here is an example of this use case.
1. 	Jack works in an urban city, and today he travels on a business trip. He takes a taxi to the high-speed railway station, and spends 4 hours on the high-speed train. Meanwhile, some urgent work needs to be settled. He continues to work on the taxi and the train using his smart phone or laptop as if he was working in his office. Necessary relevant data (such as document, video, etc.) is obtained from the company’s cloud storage server. He can communicate with his colleagues and share the work results with them conveniently and timely.
2.	Getting off the train, he arrives at the destination which is in rural areas and meets his customers. He introduces a new product of his company to customers, and at the same time, a video conference by operators’ network is held so that his colleagues who are still in their office can also get involved.
3.	After the conference, Jack feels tired and goes to the company’s guest room which locates beside the factory.  It’s the evening game time, by connecting to the operators’ network; he plays online games with his friends.
4.	On the return high-speed train, he watches the football match online that he missed last midnight using his smart phone.
In this case, Jack gets consistent user experience of mobile broadband services on his trip, including on the taxi, the high-speed train, and the rural areas with the assist of operator’s network.
However, according to above steps 1 and 4, i.e., when Jack is on high speed train, besides the original requirements, the high speed moving scenario is also required to consider some other necessary issues as follows:
· A high speed moving train usually contains hundreds of passengers (e.g., 500 passengers in a train). Therefore, it may consider that at least hundreds of active Ues may access the internet for different services/applications in a high speed train. Thus, the system shall provide sufficient bandwidth for these active Ues simultaneously at least.
· Some users may use on-line gaming or other real-time applications/services for spending travelling time in the high speed moving train. Therefore, these kinds of applications/services still require stringent delay requirement (e.g., 10 ms E2E delay) such that users can have satisfaction with these applications/services.

[bookmark: _Toc429665403]5.10.2	Potential Service Requirements
For wide area coverage, the system shall support user experienced data rate for mobile broadband services anytime and anywhere, e.g., 100Mbps.
NOTE:	The above requirement assumes reuse of an existing base station site grid. 
The system shall support fast-moving end-users, e.g., 500km/h.
The system shall support high connection density for high speed scenarios, e.g., 500 active Ues simultaneously.
The system shall support low latency for high speed scenario.

[bookmark: _Toc429665404]5.10.3	Potential Operational Requirements
[bookmark: _Toc429665405]
5.11	Virtual presence
[bookmark: _Toc429665406]5.11.1	Description
The goal is to provide interactive services for high data rate zones (e.g. Office environments) as described in section 3.2.1 of the NGMN 5G White Paper [2].
A use case can be:
Phil works in a multinational company which has offices in many big cities. He has regular meetings with colleagues based in other countries. He uses to have real time 360° video communications: he wears Virtual Presence glasses, allowing to be merged in a meeting room where he can see all his other colleagues sitting around a table. He can interact with them in real time as if they were just in front of him.
Phil is alone in his office and wear special glasses. His office is equipped with cameras for transmitting his video to the network.
Phil actives a communication with the virtual presence conference bridge in order to initiate a 360° video communication with all his colleagues.

[bookmark: _Toc429665407]5.11.2	Potential Service Requirements
The system shall provide high bandwidth (bidirectional) and low latency. In Office environments, this implies also a full indoor coverage.
Editor’s Note: a range of values for bandwidth and latency should be clarified.

[bookmark: _Toc429665408]5.11.3	Potential Operational Requirements
---------
[bookmark: _Toc434174738][bookmark: _Toc434175445]5.29	Higher User Mobility
[bookmark: _Toc434174739][bookmark: _Toc434175446]5.29.1	Description
Vehicles, trains and aircrafts will demand enhanced connectivity for in-vehicle/on-board entertainment, accessing the internet, enhanced navigation through instant and real-time information, autonomous driving, safety and vehicle diagnostics. Entertainment is a key driver for the increasing need for mobile broadband capacity, including high mobility environments such as trains, cars and airplanes. On the other hand the automotive sector is expected to be a very important new driver for 5G, with many use cases for mobile communications for vehicles. The degree of mobility required (i.e. speed of travel) will depend upon the specific use case.
The example use cases include (as identified in NGMN 5G White Paper) [2]:
· High Speed Train
High speed train is used in various regions for inter-city transport and will further evolve beyond 2020; these high speed trains can reach speeds greater than 500 km/h. While travelling, passengers will use high quality mobile Internet for information, interaction, entertainment or work. 
· Remote Computing
Beyond 2020, remote computing is used on the go and at high speeds (such as vehicles or public transport), in addition to those indicated for stationary or low-mobility scenarios (such as smart office). Moreover, automotive & transportation industry will rely on remote processing to ease vehicle maintenance and to offer novel services to customers with very short time-to-market. 
· 3D Connectivity: Aircrafts
Civil aviation will implement commercial connectivity services in 2020+, and the passenger services offered will comprise of similar applications to those available on the ground. Another example for 3D connectivity is support of sporting event live services where the user is moving physically in all 3 dimensions, e.g., balloonists, gliders, or skydivers. In these use cases the licensed mobile frequency bands are used between aircrafts and ground.
[bookmark: _Toc434174740][bookmark: _Toc434175447]5.29.2	Potential Service Requirements
The 3GPP system shall support enhanced mobile broadband services in fast moving vehicles (e.g. up to 500 km/h) with enhanced user experience. 
The 3GPP system shall support enhanced connectivity services in fast moving airplanes (e.g. up to 1000 km/h) with enhanced user experience. 
[bookmark: _Toc434174741][bookmark: _Toc434175448]5.29.3	Potential Operational Requirements
The 3GPP system shall be able to provide the mobile broadband service in fast moving vehicles with enhanced system experience.
The 3GPP system shall be able to provide the airplanes connectivity service with enhanced system experience.
----------
[bookmark: _Toc429665505]5.32	Improvement of network capabilities for vehicular case
[bookmark: _Toc429665506]5.32.1	Description
The use case will study how to bring high-rate services seamlessly to users in moving cars and buses in a dense urban environment. There are two ways to provide support service to vehicular users. If the vehicles are equipped with a vehicular base station (or a relay), the cellular network should be able to provide a high-rate link to a car or bus. . If such equipment is not available, the moving user equipment must have direct link to the cellular network . 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 and only video rendering is performed by the user device (thin client).
Users of these applications are located in cars and buses moving up to 60 km/h in dense urban environment. The streets in this use case have 6 lanes (counting both directions).
Looking from the view of specific applications, Table 5.32.1 gives the average needed values. These are taken as the basis for further use case definition. The ratio between e2e and air latency has been assumed as 5 to 1.



	Application
	Average End User Throughput
	Latency (end-to-end)
	Latency (over the air)

	High Definition Video 8K (streaming)
	< 100 Mbps (DL) [7]
	< 1 s [8]
	< 200 ms

	High Definition Video (conversational)
	< 10 Mbps [7] (DL/UL)
	< 150 ms [8]
	< 30 ms

	Cloud Computer Games with 4K 3D graphics – Low Latency Applications
	< 50 Mbps (DL/UL) [9] (UL is needed for multiplayer game computation in user device)
	< 7.5 ms (10 times less than in [8] for real time games)
	< 1.5 ms


[bookmark: _Ref414450212]Table 5.32.1: KPIs for three possible services
Scenario
Video/gaming services to vehicular (up to 60 km/h) users (cars or buses) in city centre, driving on a six lanes in a street canyon surrounded by at least six-story buildings. User terminals are either directly connected mobile network(s) through a wireless radio link or through a relay in the car or bus. The mobile network deployment can be either macro or micro cellular, or ultra dense network (UDN). For this use case, we  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 (which includes a 3D 4K video).
Each car: 1 active user [range 0.5-2].
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: 20 active users [range 10-30].
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.
Post-conditions
In both scenarios, 90% of the active mobile users should reach the QoS required to support their service seamlessly.

[bookmark: _Toc429665507]5.32.2	Potential Service Requirements
The network shall be able to support the High Definition Video 8K (streaming) service for users in vehicles with following performance indicators:
· Average End User Throughput is [100] Mbps (DL)
· Latency (end-to-end) is less than [1]s
· Latency (over the air) is less than [200] ms
· Speed is up to 100 km/h (from [4] Dense Urban)
Editor’s Note: The jitter for the high definition video is FFS.

The network shall be able to support the High Definition Video (conversational) service for users in vehicles with following performance indicators:
· Average End User Throughput greater than [10] Mbps (DL and UL)
· Latency (end-to-end) less than [150] ms
· Latency (over the air) less than [30] ms
· Speed up to 100 km/h
Editor’s Note: The jitter for the high definition video is FFS.

The network shall be able to support 4K/8K immersive interaction and 3D Cloud Computer Games service for users in vehicles with following performance indicators:
· Average End User Throughput greater than [50-120] Mbps (DL or UL)
· Latency (end-to-end) less than [7.5] ms
· Latency (over the air) less than [1.5] ms
· Speed is up to 100 km/h.
Editor’s Note: The jitter for the high definition video is FFS.
Editor’s Note: Power efficiency in the infrastructure and terminal needs to be taken into consideration.

[bookmark: _Toc429665508]5.32.3	Potential Operational Requirements

[bookmark: _Toc429665609]5.53	Vehicular Internet & Infotainment
[bookmark: _Toc429665610]5.53.1	Description
This Use Case describes the provision of internet to the vehicle and its use for general browsing and infotainment. A high quality data connection and good coverage makes possible the reliable delivery of media and internet to a vehicle. This facilitates the provision of infotainment by internet as a standard feature of vehicles in the future.  
As well as infotainment from the general internet, dedicated infotainment suppliers for vehicles may become available.

[bookmark: _Toc429665611]5.53.1.1	Pre-conditions
Built-in, dedicated vehicular UE registered to a network with an active data connection OR Portable UE tethered to the vehicle and registered to a network with an active data connection.
Vehicle entertainment system linked to a dedicated or tethered UE.

[bookmark: _Toc429665612]5.53.1.2	Service Flows
A passenger in the vehicle accesses the internet using the vehicle’s entertainment system.  
The passenger is able to use the internet while the vehicle is in motion up to at least 200km/h. The passenger accesses web sites, uses social media and downloads files/apps in the same way as on a device at home.
The passenger then selects an internet radio station and plays music in the vehicle that is streamed over the internet.
After a while, the passenger decides to select an Infotainment supplier to which he is registered. The passenger signs into the supplier and selects a movie. This is streamed to the passenger over the internet.
After the movie has finished, the driver of the vehicle accesses traffic information for the next stage of the journey.
The connection is maintained throughout the journey. Short interruptions are tolerated by the in-vehicle system that has sufficient buffering to ensure a smooth presentation of the media.   

[bookmark: _Toc429665613]5.53.1.3	Post-conditions
The vehicle remains connected to the internet while the entertainment system and the UE (either built-in or tethered) are still operating. 
[bookmark: _Toc429665614]5.53.2	Potential Impacts or Interactions with Existing Services/Features
There is little perceived interaction with existing services and features. The provision of infotainment is “over the top” of an existing data connection. The data connection has to be of the appropriate quality and speed to sustain the service.
Such a service will need to be provided by at least a 4G network.

[bookmark: _Toc429665615]5.53.3	Potential Requirements
The 3GPP system shall provide a consistent data rate that is high enough to support the chosen media:  
· For internet browsing and general information at least [0.5Mb/sec]
· For high quality music streaming at least [1Mb/sec]
· For standard quality video streaming at least [5Mb/sec]
· For high quality (up to UHD) video streaming at least [15 Mb/sec]
Low latency is not critical for media streaming, however, a latency of no more than [100ms] for internet browsing shall be provided.
The 3GPP system shall be able to deliver the required connection quality up to 200km/hr.
The 3GPP system shall be capable of providing the required connection quality in densely populated roads where up to [2000] vehicles in a given service area [1km2] will be accessing data. The vehicles could be moving at speeds ranging from 0km/h (e.g. in a traffic jam) to 200km/h. 

[bookmark: _Toc429665630]5.56	Broadcasting Support
[bookmark: _Toc429665631]5.56.1	Description
The system shall be able to support an enhanced form of MBMS that includes transmission of scheduled linear time Audio and Audio &Video programmes.
[bookmark: _Toc429665632]5.56.1.1	Pre-conditions
Both Mobile and Network support an enhanced and flexible form of MBMS.
The Network has previously allocated MBMS resources.
[bookmark: _Toc429665633]5.56.1.2	Service Flows
1. A 3GPP device accesses an advertised MBMS service for broadcast information via a broadcast management system.
2. The mobile downloads the 3GPP resource group nomination (e.g. a channel code) for the cell that they are camped on for this broadcast channel from the broadcast management system.
3. The User keys in the channel code and starts receiving the broadcast channel subject to any authorisation.

[bookmark: _Toc429665634]5.56.1.3	Post-conditions

[bookmark: _Toc429665635]5.56.2	Potential Impacts or Interactions with Existing Services/Features

[bookmark: _Toc429665636]5.56.3	Potential Service Requirements
The 3GPP system shall support an interface from external Broadcasters’ management systems.
The 3GPP system shall be able to reserve groups of resources for Broadcast channels
The 3GPP system shall be able to support broadcast of lossless state of the art video streams such as 4k UHD.
The 3GPP device shall be able elect to receive a reduced quality version of the broadcast for display on their device screen (typically less than 12”) or a full quality version of the same channel for presentation  to a video presentation monitor (typically much larger than their device , ie:32” to 72”screen size)
The 3GPP System shall allow the UE to receive broadcasts selected by the user (from the Broadcaster’s management system) in accordance with any appropriate authorisations by the Broadcaster.
NOTE:	UHD: 3840 x 2160, 50FPS, AVC ~300Mbit/s, UHD: 3840 x 2160, 50FPS, HEVC ~ 150Mbit/s


