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FS_SMARTER: eMBB considerations
Introduction
With seventy two use cases populating the FS_SMARTER TR22.891 v1.1.0 [1], SA1#71bis AdHoc on FS_SMARTER derived four main groups into which these can be sorted i.e. eMBB (Enhanced Mobile Broadband), CriC (Critical Communications), MIOT (Massive IoT) and NEO (Network Operation)), along with associated Study WID proposals expected to output corresponding TRs. It is not clear at this stage whether eV2X warrants a dedicated group/Study WID – this was left open. With the exception of NEO, this grouping is analogous to the one from ITU-R IMT2020 Vision [2].
Further subdivisions were done into families for each of the above groups in particular eMBB was subdivided into: Higher Capacity, Enhanced Connectivity and Higher User Mobility.
This contribution discusses the potential requirements of eMBB from the use cases in TR22.891, the sub-division for eMBB and suggests a way forward.
eMBB – An exhaustive look at potential requirements
eMBB potential requirements
	Family: Higher Capacity
	Requirements
	Comments

	5.5 Mobile broadband for indoor scenario
	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.
	Data rate: ok
Traffic density: ok
Scenario: indoor, ok
Latency: not ok


	
	Operational Requirements
· None
	

	5.6 Mobile broadband for hotspots scenario 
	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.
	Data rate: ok
Traffic density: ok
Scenario: indoor/outdoor?
Mobility: unclear (is it pedestrian?). 

Also “peak data rate when moving” is not a peak data rate since it’s subject to fading etc. See [3]


	
	Operational Requirements
· The 3GPP system shall support flexible and efficient backhaul especially outdoor
	

	5.7 On-demand networking (duplicate with NEO)
	Service Requirements
· 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.
	Data rate: ok
Connection density: ok 

Consistent User Experience should be defined – we argue it is aiming at minimizing the gap between peak, typical and cell edge data rates. 


	
	Operational Requirements
· The 3GPP system shall be able to adjust the network capacities dynamically based on the variation of demand and performance indicators.
	

	5.10 Mobile broadband services with seamless wide-area coverage (duplicate with eV2X)
	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.
	Data rate: ok
Mobility: ok
Connection density: ok
Low latency: not ok

	
	Operational Requirements
· None
	

	5.11 Virtual presence (duplicate in CriC) 

	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.
	Data rate: not ok
Latency: not ok

	
	Operational Requirements
· None
	

	5.32 Improvement of network capabilities for vehicular case (duplicate with eV2X)
	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.
	High definition Video 8K streaming:
Date rate: ok 
Latency: ok
Mobility: ok
Connection density: dense urban not defined in reference [4] (TR36.913)

High Definition Video (conversational)
Date rate: ok 
Latency: ok
Mobility: ok

4k/8K Immersive interaction and 3D Cloud Computer Games, in-vehicle
Data rate: ok 
Latency: ok
Mobility ok

NOTE: Latency and average throughput are the defining requirements


	
	Operational Requirements
· None
	

	5.53 Vehicular Internet & Infotainment
	Service 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.
	Duplicated into two families
Data rate: ok
Latency: ok/unclear (quantified but not defined)
Mobility: ok
Connection density: ok

NOTE: Mobility and connection density may be  the defining requirements

	
	Operational Requirements
· None
	

	5.56 Broadcasting Support (duplicate with NEO)
	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
	The requirements are primarily NEO specific

Data rate: ok but anything new?

	
	Operational Requirements
· Blah
	

	Family: Enhanced Connectivity
	Requirements
	Comments

	5.30 Connectivity Everywhere
	Service Requirements
· The 3GPP system shall be able to provide aerial object with reliable mobile broadband connectivity.
NOTE:  The altitude up to which connectivity is provided is subject to regulatory constraints.
· The 3GPP system shall be able to provide nautical object with reliable mobile broadband connectivity.
NOTE: The distance from seashore up to which connectivity is provided is subject to regulatory constraints.
· The 3GPP system shall be able to provide reliable low-latency connectivity between aerial objects.
	“Enhanced connectivity” is vague for it means everything and nothing;  Better data rate means better connectivity. Better latency means better connectivity. Better coverage means better connectivity. Better capacity yields better connectivity. MBB on a train is enhanced connectivity. 

Deployment scenario or coverage may be more appropriate

Reliable mobile broadband connectivity: what does it actually imply as opposed to mobile broadband connectivity (assuming no requirement is put for unreliable mobile connectivity)?

Reliable low-latency connectivity: same question; what does reliable actually imply here?

Latency: not ok 

	
	Operational Requirements
· None
	

	Family: Higher User Mobility
	Requirements
	Comments

	5.29 Higher User Mobility
	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.
	Mobility: ok (though “e.g.” should be removed)

“Enhanced user experience” is unclear. By definition, eMBB at high speed is *already* delivering enhanced user experience.

Inconsistency between “enhanced mobile broadband” in service requirements and “mobile broadband” in operational requirements

“Enhanced connectivity services” is unclear.

“Enhanced system experience” is unclear

It is also unclear what the real requirements are behind “in [vehicles/airplanes]”. Is it about enabling connectivity between an onboard system (in vehicle or airplane) and a terrestrial system e.g. to enable direct air-to-ground communication (instead of a satellite link) or is it something else? However, at least for the airplane case, we assume it does not point at enabling a direct communication between a mobile device onboard the aircraft and the terrestrial network.  This must be clarified. 

It is unclear what airplanes connectivity service means 

	
	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.
	

	5.53 Vehicular Internet & Infotainment
	Service 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.
	Duplicated into two families.

See comments above.

	
	Operational Requirements
· None
	



TR22.891 v.1.1.0 provides the following table summary which is very useful for it helps synthesizing use cases. However it seems slightly off vs. the above families; repeats some of the issues reported in the above table and is missing the mobility aspects altogether (though “higher user mobility” is a valid criteria for eMBB and it was selected as a family under eMBB). 
Note: see [3], for a proposed refinement of the criteria.
	Vertical group
	QoE and Peak data rate
	Latency
	Reliability
	Comm. efficiency
	Traffic density
	Conn. density
	UE speed
	Position accuracy
	Remarks

	Group
eMBB

	Very High data rate (e.g. peak rate 10 Gbps, up to 10 Gbps when the user is moving slowly, DL 300Mbps with DL 50Mbps, 100Mbps)
	Very low latency, low latency for high speed, reliable low-latency connectivity between aerial objects
	
	
	High traffic density (e.g Tbps/ km2）
	High density for UE (e.g. 200-2500 /km2, 2000/km2, 50 active UEs simultaneously )
	
	
	Characterised by very high traffic, high bit rate. 
No Reliability needed, no accuracy need



Observations
Based on the above, the following observations are made:
· Some requirements are not applicable (in red)
· Some requirements are unclear (in orange)
· The family “Higher capacity” mixes data rates and capacity – it would be better to split this into two
· The family “enhanced connectivity” is vague and should be rethought – it may be more appropriate to use deployment and coverage that could cater for e.g. indoor/outdoor, local area connectivity, wide area connectivity etc. Note the current use case 5.30 has no actionable potential requirement.
· Based on the use cases, the defining characteristics of eMBB articulate around: 
· data rates (peak, experienced, downlink, uplink)[footnoteRef:1]  [1:  enhanced Mobile Broadband is not just about higher peak values – in fact, we believe it is rather about better experienced data rates that narrow the gap between peak data rates, typical data rates and cell edge data rates to make mobile broadband truly ubiquitous. This also enables an efficient UE design dimensioned primarily towards realistic performance as opposed to some “mostly paper” data rate.] 

· connection density
· traffic density
· latency
· deployment & coverage scenarios
· mobility 
Proposal
eMBB family tree
It is proposed to modify the eMBB family tree as follows:


Wherein the focus of each family of use cases is as follows:
· Higher data rates: this family focuses on identifying key scenarios from which eMBB primary data rate requirements for peak, experienced, downlink, uplink, etc. data rates can be derived, as well as associated requirements pertaining to latency when applicable.
· Higher capacity: this family focuses on identifying key scenarios from which eMBB capacity requirements in terms of traffic density and connection density can be derived.  
· Deployment & coverage: this family focuses on identifying key deployment and coverage scenarios and associated requirements for eMBB e.g. addressing topics such as indoor/outdoor, local area connectivity, wide area connectivity
· Higher mobility: this family focuses on identifying key scenarios from which eMBB mobility requirements can be derived, ranging from static, through pedestrian up to 500km/h (1000km/h?)
The split between data rates and capacity helps distinguishing, in form of use cases and requirements, the eMBB service offered to end users from its impact on the system.
Each family should derive its own set of potential requirements with little or rather no overlap across families.
A modified family tree for eMBB use cases is proposed including Higher Data Rates, Higher Capacity, Deployment & Coverage, Higher Mobility. Each family should derive its own set of potential requirements with little or rather no overlap across families.
Use cases / Traffic scenarios
While we argue each family would derive its own set of potential requirements with little or rather no overlap across families, this does not necessarily imply a use case could not span across families; however it may be best focusing on use cases / traffic scenarios that epitomize each family.
It is recommended to use select key representative use cases, traffic scenarios in the spin-off eMBB TR to characterize each of these families, providing compelling justification for new requirements noting these use cases, scenarios need not be identical to those documented in TR22.891. 
The mapping of current use cases into this family tree is depicted in the following table, for information.
		Families
Use cases
	Higher Data Rates
	Higher Capacity
	Deployment & Coverage
	Higher Mobility

	5.5 Mobile broadband for indoor scenario
	
	
	
	

	5.6 Mobile broadband for hotspots scenario
	
	
	
	

	5.7 On-demand networking
	
	
	
	

	5.10 Mobile broadband services with seamless wide-area coverage
	
	
	
	

	5.11 Virtual Presence
	
	
	
	

	5.29 Higher user mobility
	
	
	
	

	5.30 Connectivity Everywhere
	
	
	?
	

	5.32 Improvement of network capabilities for vehicular use case
	
	
	
	

	5.53 Vehicular internet & infotainment
	
	
	
	

	5.56 Broadcasting support
	
	
	
	

	NOTE: 5.11 and 5.30 requirements are not actionable right now. However, 5.11 does refer to full indoor coverage, hence it is listed above


	
Conclusions
The following proposals are made. A pCR will be drafted as a result of the meeting’s discussions.
Proposal 1: A modified family tree for eMBB use cases is proposed including Higher Data Rates, Higher Capacity, Deployment & Coverage, Higher Mobility. Each family should derive its own set of potential requirements with little or rather no overlap across families.
Proposal 2: It is recommended to use key representative use cases (max 2-3 per family) in the spin-off eMBB TR to characterize each of these families, providing compelling justification for new requirements, noting these use cases, scenarios need not be identical to those currently documented in TR22.891.
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