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Abstract: This document proposes an SA1-centric definition and use for the latency, RTT, and delay
Introduction

The proposed use cases in TR 22.891 and NGMN 5G White Paper use the terms latency, RTT, and delay in different ways, making it difficult to compare the proposed service requirements. A uniform SA1-centric definition is needed to make comparisons easier.
Discussion

Here are some examples on how latency, delay, and related aspects are addressed in TR 22.891

	Use Case
	Examples
	Comments

	5.1 Ultra-reliable communications
	Industrial control systems (RTT from sensor to actuator, very low latency for some applications)

Real time control of vehicles, road traffic, accident prevention (location, vector, context, low RTT)

Overall, mission critical services are expected to require significant improvements in end-to-end latency, ubiquity, security, and availability/reliability compared to UMTS/LTE/WiFi

Latency: as low as 1 ms end-to-end
	RTT
End-to-end latency

	5.5 Mobile broadband for indoor scenario
	The 3GPP system shall support very low latency for user experienced data exchange.
	Latency

	5.7 On-demand Networking
	The system shall provide high bandwidth (bidirectional) and low latency.
	Latency

	5.8 Use case for flexible application traffic routing
	The immersive services such as augmented reality, virtual reality, ultra-high-definition (UHD) 3D video have critical requirement on transfer bandwidth and delay between the terminals, and the future network shall be able to transfer these data traffic in a flexible and efficient manner.
	Delay between the termimals

	5.12 Connectivity for drones
	Low latency (for piloting). Editor’s Note: a range of values for latency and geographic distances should be clarified.
	Latency
Geographic distances

	5.13 Use case on Industrial Control
	The 3GPP system shall support very low latency (~1 ms)
	Latency

	5.14 Use case on Tactile Internet
	The 3GPP System shall support very low latency (~1 ms)
	Latency

	5.15 Localized real-time control
	The 3GPP system shall support extremely high reliability and extremely low latency [1-10 ms] for data transmission
	Latency

	5.17 Extreme real-time communications and the tactile internet
	Target 1ms delay implies endpoints must be physically close.  Maximum distance between endpoints depends on delay budget per link.

The 3GPP system shall support 1ms one-way delay between mobile devices and devices in the nearby internet
	Delay
Distance between endpoints

One-way delay

Nearby internet

	5.18 Remote Control
	The 3GPP system shall support end to end latency lower than [10ms] even in high mobility scenario
	End to end latency


NGMN document contains the following table (Clause 5.1, Table 3)
	Attribute
	3GPP Release-12 capability
	Improvement needed to meet NGMN requirements
	Remarks

	[...]
	[...]
	[...]
	[...]

	End-to-end latency
	10 ms for two-way RAN (pre-scheduled); Typically, up to 50 ms end-to-end if other factors are considered (e.g., transmission, CN, internet, proxy servers)
	> 10X (smaller)
	Technology should allow operators to optimize topology to achieve 1 ms end-to-end.

	[...]
	[...]
	[...]
	[...]


The table uses the terms end-to-end and two-way latency on the same row, making it confusing and difficult to understand what is intended and difficult to compare the numerical values.

The NGMN 5G White Paper also contains the following definitions

· E2E Latency: Measures the duration between the transmission of a small data packet from the application layer at the source node and the successful reception at the application layer at the destination node plus the equivalent time needed to carry the response back.

· User Plane Latency: Measures the time it takes to transfer a small data packet from user terminal to the Layer 2 / Layer 3 interface of the 5G system destination node, plus the equivalent time needed to carry the response back.

SA1 should use clear and consistent terminology when setting the service requirements. Because SA1 works on service requirements, the requirements on delay should relate to services, and from the service point of view it is not very relevant if the delay comes from the radio interface, geographical distance, or processing delay. Naturally they all matter, and the split between the different components of delay may favour certain service architectures but the first step should be to focus on the requirements for total delay in the system for a particular service. It is also true that some protocols may benefit from a low-latency radio interface, e.g., to speed up the TCP slow start, but is not something SA1 should be concerned with. However, the reader of TR 22.891 may get the impression that SA1 is focused on the delay in the radio interface, and ignores the service aspect. Considering this, the NGMN definition of E2E latency, being measured on the application layer, makes sense.
TR 22.891 should also be clear about the delay being one-way or two-way. The term E2E latency in NGMN's 5G White Paper includes the equivalent time needed to carry the response back, suggesting that it might be about the two-way delay (or maybe it is the acknowledgement for succesful reception of the data). E2E is, however, measured in one direction, from one end to the other, not from one end to the other end and then back to the starting point. To avoid such a (common) misuse of terms, it is better to use unambiguous attributes one-way and two-way, with the added understanding that two-way latency is not 2 x one-way latency; it is one-way latency (UL) + one-way latency (DL). For web browsing a request can be a small quick UL message and DL data delivery in return may require heavier processing and cause delays. For the web browsing user, it is not relevant how quickly the request reaches the web server; he is interested in seeing the web page that he asked for. For industrial control, a reaction to act may be triggered by something in a video stream, possibly putting heavier requirements on the processing and buffering delays in the video codec used for streaming than on the actual command back to the device to act. This, in fact, may put additional requirements on the system, and require the development of a low-delay video codec.
In addition to this, we should focus on the latency as seen by the user. A fast radio interface does noyt help if the video streaming codec is very slow to start. Therefore, we should focus on service latency, including the application layer processing, and not the (radio) latency.
Proposal

1. Add the following definitions to TR 22.891 and align the terminology used in the use cases addressing delay and latency with them:
One-way service latency: The duration between the transmission of data from the application layer at the source node and the reception at the application layer at the destination node. If the data requires processing, e.g., speech being encoded into data packets and subsequently decoded from data into speech, also the processing time is part of the service latency.
Two-way service latency: The duration between the transmission of data from the application layer at the source node and the reception at the application layer at the destination node plus the time needed to act upon the data and carry the response back (NB! These two components of service latency are seldom identical). If the data requires processing, e.g., speech being encoded into data packets and subsequently decoded from data into speech, also the processing time is part of the service latency. In some cases the time required for data processing may be outside the control of the 3GPP system. Then a reasonable estimate will be used.
2. Review the use cases addressing delay and latency in TR 22.891 to make certain that they are about the service level latency, and not, for example, about the radio interface latency unless there is good justification for addressing the radio interface characteristics in SA1 requirements.
Of these proposed changes, the former is addressed in this document. The latter needs to be done preferably by the authors of the use cases.
---------- Proposed Changes ----------
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
One-way service latency: The duration between the transmission of data from the application layer at the source node and the reception at the application layer at the destination node. If the data requires processing, e.g., speech being encoded into data packets and subsequently decoded from data into speech, also the processing time is part of the service latency.

Two-way service latency: The duration between the transmission of data from the application layer at the source node and the reception at the application layer at the destination node plus the time needed to act upon the data and carry the response back (NB! These two components of service latency are seldom identical). If the data requires processing, e.g., speech being encoded into data packets and subsequently decoded from data into speech, also the processing time is part of the service latency. In some cases the time required for data processing may be outside the control of the 3GPP system. Then a reasonable estimate will be used.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

<ACRONYM>
<Explanation>
