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FS_SMARTER: Common Terminology
Introduction
Seventy two use cases currently populate the FS_SMARTER TR22.891 v1.1.0. Terminology (terms and/or corresponding units) are not used in a consistent manner which brings about confusion as potential requirements may be headed for consolidation in FS_SMARTER phase 2 i.e. spin-off BBs.
At the same time a number of criteria (denominated service requirements) are introduced in the TR §6.3.1.1 that should enable a consistent use thereof throughout the TR. These are however not defined yet.
Background
Inconsistencies
A few excerpts are given below of a number of inconsistencies currently reflected in TR22.891 that should be alleviated for the spin-off TRs. Said otherwise these TRs should be void of similar inconsistencies. Note that only a small portion of all potential requirements in the TR are given below, as examples, i.e. this list is not exhaustive.
Notes
· Green text indicates the potential requirement is actionable (possibly with some minor update e.g. terminology alignment)
· Orange text indicates the potential requirement lacks some minor update to be actionable (e.g. definition, reference points)
· Red text indicates the potential requirement is not actionable (no measure, no reference points)
	Connection Density

	Requirement
	Terminology
	Measure
	Notes

	§5.7.2 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.
	· UE density
	· 200-2500UE/km2
	· Terminology to be harmonized

	§5.10.2 The system shall support high connection density for high speed scenarios, e.g., 500 active UEs simultaneously.
	· Connection density
	· 500 active UEs simultaneously
	· Terminology to be harmonized
· Measure not OK

	§5.48.3 The 3GPP system shall be able to provide the essential services with connection density of 16 / km2.
	· Connection density
	· 16UE/km2
	· Terminology to be harmonized

	§5.43.2 The 3GPP system shall support communication service for high density of devices up to (e.g., 1 million devices per km2), with high mobility at minimum of 100 km/h and with reduced battery consumption.
	· Density of devices
	· 1M UE/km2
	· Terminology to be harmonized

	§5.53.3 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.
	· Densely populated
	· [2000 vehicles/1km2]
	· Terminology to be harmonized



	Traffic Density

	Requirement
	Terminology
	Measure
	Notes

	§5.5.2 The 3GPP system shall support the whole traffic volume in the area at least the level of Tbps/ km2.
	· Traffic volume
	· 1 Tbps/km2
	· Terminology to be harmonized

	§5.48.3 The 3GPP system shall be able to provide the essential services with traffic density of 16 Mbps / km2.
	· Traffic density
	· 16 Mbps/km2
	· Terminology to be harmonized



	Data Rates

	Requirement
	Terminology
	Measure
	Note

	§5.5.2 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.
	· User experienced data rate
· User peak data rate
	· Gbps/user

· Tens of Gbps/user
	· Terminology to be harmonized
· Uplink / Downlink?
· Define user experienced/peak data rate

	§5.6.2 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.
	· User experienced data rate
· Peak data rate
	· Gbps/user

· Tens of Gbps/user
	· Terminology to be harmonized
· Meaning to be harmonized i.e. Peak data rate “when user is moving slowly” is not a peak data rate
· Uplink / Downlink?
· Define user experienced data rate

	§5.10.2 For wide area coverage, the system shall support user experienced data rate for mobile broadband services anytime and anywhere, e.g., 100Mbps.
	· User experienced data rate
	· 100Mbps/user
	· Terminology to be harmonized
· Uplink / Downlink?
· Define user experienced data rate

	§5.13.2 The 3GPP system shall support high uplink data rate (tens of Mbps per device in a dense environment).
	· High uplink data rate (per device)
	· Tens of Mbps/UE
	· Terminology to be harmonized
· Uplink

	§5.33.2 The 3GPP system shall support high uplink data rate per vehicle even in a dense environment (e.g., tens of Mbps per device in a dense environment). The 3GPP system shall support high downlink data rates (e.g. above one hundred Mb/s) for transmitting images taken by the infrastructure in a dense deployment, i.e. starting from every 20-30m.
	· High uplink data rate per vehicle
· High downlink data rate
	· Tens of Mbps/vehicle
· >100Mbps
	· Terminology to be harmonized
· Per vehicle = per UE
· Uplink / Downlink

	§5.48.2 The 3GPP system shall be optimised to support UEs with minimal functionality (e.g. user experienced data rate of 10 Mbps at DL and 10 Mbps at UL with E2E latency of 50 ms).
	· User experienced data rate
· UL / DL
	· 10 Mbps
	· Terminology to be harmonized
· Define user experienced data rate
· Uplink/Downlink



	Latency

	Requirement
	Terminology
	Measure
	Note

	§5.1.5 Services in this category require very low data error rate. Some of them also require very low latency, i.e. for industrial automation with delays of one ms.
	· Very low latency
	· 1ms
	· Reference endpoints not defined

	§5.1.6 The 3GPP system shall support improved reliability and latency as defined in table 5.1.6. 
(misc requirements quoted in the next columns)
	· End-to-end latency
· Latency between two transmission endpoints
	· 1ms

· <8ms
	· Reference endpoints not defined

	§5.5.2 The 3GPP system shall support very low latency for user experienced data exchange
	· Very low latency
	· None
	· Reference endpoints not defined
· Measure not defined

	§5.10.2 The system shall support low latency for high speed scenario
	· Low latency
	· None
	· Reference endpoints not defined
· Measure not defined

	§5.11.2 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.
	· Low latency
	· None
	· Reference endpoints not defined
· Measure not defined

	§5.12.2 The 3GPP system shall support: Round trip latency less than [150 ms], including all network components

And as stated earlier in this sub-clause: All requirements are for end to end performance, defined as communications sent by source and communication received by target
	· Round trip latency
	· <[150ms]
	· “Very low” is not used consistently in the TR

	§§5.13.2, 5.14.2 The 3GPP system shall support very low latency (~1 ms)
	· Very low latency
	· ~1ms
	· Reference endpoints not defined

	§5.15.2 The 3GPP system shall support extremely high reliability and extremely low latency [1-10 ms] for data transmission
	· Extremely low latency
	· [1-10ms]
	· Reference endpoints not defined
· Terminology

	§5.30.2 The 3GPP system shall be able to provide reliable low-latency connectivity between aerial objects.
	· Low-latency connectivity
	· None
	· Reference endpoints not defined
· Measure not defined



Criteria
The criteria introduced in TR22.891 §6.3.1.1 are: 
· QoE and Peak data rate: while peak data rate is fine as a criteria (from which requirements can be drawn), QoE is vague ; probably it should be changed to experienced data rate.
· Latency: several “flavors” are required
· Reliability
· Communication efficiency: it is not all clear what communication efficiency entails. Is it spectrum, is it network resource usage, is it energy, …? (of course it could be all of them, but the impact will differ depending on which is considered/targeted).
· Connection density
· UE speed
· Position accuracy
Proposal
General
It is important that all requirements defined in SA1 be actionable by downstream groups. In view of some of the inconsistencies and vagueness in TR22.891 reported above it is necessary to ensure all spin-off TRs are void of these. To this end, the following proposals are made:
A list of criteria based on which service requirements can be quantified should be defined and used consistently in spin-off building blocks of FS_SMARTER. This list should preferably be defined in TR22.891 rather than in each TR. See §3.2 below.
In the spin-off TRs, all potential requirements referring to these criteria must be quantified either in absolute terms or relatively to LTE. I.e. requirements without quantification should not be introduced (e.g. saying only “low latency” or “high data rate” is not good enough as a requirement) – i.e. a proposed use case could be considered for inclusion only provided it is associated with quantified requirements.
The proposed list of criteria inspired from those listed above in §2.2 is: peak data rate, (user)experienced data rate, latency, reliability, traffic density, connection density, mobility, position accuracy. 
As said above, “communication efficiency” is vague right now – we could consider at least:
· Spectrum efficiency, in bits/s/Hz [typically outside SA1’s scope]
· Energy efficiency, in bits/J, J/bit, or relatively to LTE. This is relevant to the entire system including mobile devices (Note that battery life itself is not meaningful unless coupled with a given battery capacity itself expressed e.g. in Wh).
· Network resource efficiency expressed in [any insight welcome] towards better network utilization.
Communication efficiency should be defined clearly whether it is about spectrum efficiency, energy efficiency, network resource efficiency, etc. Until it is clarified, the following definition is proposed: Communication effiency: refers to spectrum efficiency (bits/s/Hz) and/or energy efficiency (bits/J, or vs. LTE) and/or network resource efficiency ([TBD]).
Criteria
Peak data rate (xbps)
Peak data rate (xbps): ideal data rate at the radio layer (L2) i.e. under ideal radio conditions. Direction (downlink, uplink) to be defined.
User experienced data rate (xbps)
NGMN defines user experienced data rate as follows [1]: Data rate requirements are expressed in terms of user experienced data rate, measured in bps at the application layer. The required user experienced data rate should be available in at least 95% of the locations (including at the cell-edge) for at least 95% of the time within the considered environment. The user experienced data rate requirement depends on the targeted application/use case. It is set as the minimum user experienced data rate required for the user to get a quality experience of the targeted application/use case.
When applications are out of the 3GPP system (hence out of 3GPP control), a user experienced data rate cannot be guaranteed by the 3GPP system – however it should fulfill its share of the “contract”. For the purpose of FS_SMARTER, the following proposal is made:
User experienced data rate (xbps): data rate averaged over a given duration (TBD), in a given direction (uplink or downlink), measured at L4 (i.e. transport layer) or above. Direction (downlink, uplink) to be defined.
Latency (ms)
The intention here is not to define all possible scenarios, but to provide sufficient definitions to reflect what is needed. Proposals 6, 7 and 8 could be skipped if not deemed useful in TR22.891; however these are proposed should any requirement address directly L3 and below – e.g. use case 5.32 refers to “Latency (over-the-air)”.
[bookmark: _Ref434806805]Transmission delay (ms): time it takes to transfer a given piece of data between two nodes, measured from the moment it is transmitted to the moment it is received. This does not assume correct reception. Nodes must be defined.
[bookmark: _Ref434806808]Processing time (ms): time it takes to process a given piece of data in a given node, for further action. The node must be defined.
[bookmark: _Ref434806810]Round-trip-time (ms): time it takes to transfer a given piece of data between two nodes, to process the piece of data at the receiving node, and to transfer an acknowledgement status back to the transmitting node, measured from the moment the piece of data is transmitted to the moment the acknowledgement status is received. This does not assume correct reception of either the piece of data or the acknowledgement status. (I.e. it is the sum of transmission delay from the transmitting node to the receiving node, processing time at the receiving node, and transmission delay from the receiving node to the transmitting node). Nodes must be defined.
NGMN defines the end-to-end latency [1] as the delay perceived by the end user, while the user plane latency is limited to the 5G System only. The end-to-end latency accounts for the time needed for a data packet to cross all the nodes up to the application server and back, which includes nodes of the 5G System and nodes potentially outside the 5G System. Both metrics approximately coincide when the application server is located within the 5G System.
End-to-end latency (ms): time it takes to transfer a given piece of information from a source to a destination, measured at L4 (i.e. transport layer) or above, measured from the moment it is transmitted by the source to the moment it is received at the destination. 
Reliability (%)
NGMN defines reliability [1] as follows: the amount of sent packets successfully delivered to the destination within the time constraint required by the targeted service, divided by the total number of sent packets. 
The time constraint is important for it abstracts any potential issue on lower layers (e.g. link outage). Note reliability is assessed at L3.
Reliability (%): the amount of sent L3 packets successfully delivered to a given node within the time constraint required by the targeted service, divided by the total number of sent L3 packets.
Traffic density (xbps/km2)
Traffic density (xbps/km2): total traffic over a given area.
Connection density (UEs/km2)
Connection density (UEs/km2): number of connected UEs over a given area.
Mobility (km/h)
Mobility (km/h): Absolute velocity of a UE
Position accuracy (m)
Position accuracy (m): Maximum distance between an actual position and an evaluation or estimation thereof. 
Conclusions
The following proposals are made. A pCR will be drafted as a result of the meeting’s discussions.
Proposal 1: A list of criteria based on which service requirements can be quantified should be defined and used consistently in spin-off building blocks of FS_SMARTER. This list should preferably be defined in TR22.891 rather than in each TR.
Proposal 2: In the spin-off TRs, all potential requirements referring to these criteria must be quantified either in absolute terms or relatively to LTE. I.e. requirements without quantification should not be introduced (e.g. saying only “low latency” or “high data rate” is not good enough as a requirement) – i.e. a proposed use case could be considered for inclusion only provided it is associated with quantified requirements. 
Proposal 3: The proposed list of criteria inspired from those listed above in §2.2 is: peak data rate, (user)experienced data rate, latency, reliability, traffic density, connection density, mobility, position accuracy.
Proposal 4: Communication efficiency should be defined clearly whether it is about spectrum efficiency, energy efficiency, network resource efficiency, etc. Until it is clarified, the following definition is proposed: Communication effiency: refers to spectrum efficiency (bits/s/Hz) and/or energy efficiency (bits/J, or vs. LTE) and/or network resource efficiency ([TBD]).
The following definitions should then be introduced in TR22.891 for consistent use in spin-off TRs:
Proposal 5: Peak data rate (xbps): ideal data rate at the radio layer (L2) i.e. under ideal radio conditions. Direction (downlink, uplink) to be defined.
Proposal 6: User experienced data rate (xbps): data rate averaged over a given duration (TBD), in a given direction (uplink or downlink), measured at L4 (i.e. transport layer) or above. Direction (downlink, uplink) to be defined.
Proposal 7: Transmission delay (ms): time it takes to transfer a given piece of data between two nodes, measured from the moment it is transmitted to the moment it is received. This does not assume correct reception. Nodes must be defined.
Proposal 8: Processing time (ms): time it takes to process a given piece of data in a given node, for further action. The node must be defined.
Proposal 9: Round-trip-time (ms): time it takes to transfer a given piece of data between two nodes, to process the piece of data at the receiving node, and to transfer an acknowledgement status back to the transmitting node, measured from the moment the piece of data is transmitted to the moment the acknowledgement status is received. This does not assume correct reception of either the piece of data or the acknowledgement status. (I.e. it is the sum of transmission delay from the transmitting node to the receiving node, processing time at the receiving node, and transmission delay from the receiving node to the transmitting node). Nodes must be defined.
NOTE: Proposals 7, 8 and 9 could be skipped if not deemed useful in TR22.891 (and spin-off TRs); these are proposed should any requirement address directly L3 and below e.g. use case 5.32 refers to “Latency (over-the-air)”.
Proposal 10: End-to-end latency (ms): time it takes to transfer a given piece of information from a source to a destination, measured at L4 (i.e. transport layer) or above, from the moment it is transmitted by the source to the moment it is received at the destination.
Proposal 11: Reliability (%): the amount of sent L3 packets successfully delivered to a given node within the time constraint required by the targeted service, divided by the total number of sent L3 packets.
Proposal 12: Traffic density (xbps/km2): total traffic over a given area.
Proposal 13: Connection density (UEs/km2): number of connected UEs over a given area.
Proposal 14: Mobility (km/h): Absolute velocity of a UE
Proposal 15: Position accuracy (m): Maximum distance between an actual position and an evaluation or estimation thereof.
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