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Abstract: this document discusses the URLLC KPIs that is related to the questions in SA2 LS (S2-183015) and proposes the answers.
Introduction

SA2 asked 5 questions in the LS (S2-183015) that are related to the following URLLC KPIs defined in SA1 TS 22.261 and TS 22.278:
end-to-end latency: the time that takes to transfer a given piece of information from a source to a destination, measured at the communication interface, from the moment it is transmitted by the source to the moment it is successfully received at the destination.

	reliability: percentage value of the amount of sent network layer packets successfully delivered to a given node within the time constraint required by the targeted service, divided by the total number of sent network layer packets.


	communication service availability: percentage value of the amount of time the end-to-end communication service is delivered according to an agreed QoS, divided by the amount of time the system is expected to deliver the end-to-end service according to the specification in a specific area.

NOTE 1: The end point in "end-to-end" is assumed to be the communication service interface.

NOTE 2: The communication service is considered unavailable if it does not meet the pertinent QoS requirements. If availability is one of these requirements, the following rule applies: the system is considered unavailable in case an expected message is not received within a specified time, which, at minimum, is the sum of end-to-end latency, jitter, and survival time.


	survival time: the time that an application consuming a communication service may continue without an anticipated message.


	user experienced data rate: the minimum data rate required to achieve a sufficient quality experience, with the exception of scenario for broadcast like services where the given value is the maximum that is needed.


In addition, the meaning of “jitter” is also questioned.  
This document discusses the meaning of these KPIs, identify the suitable way to map them into suitable KPIs for the 3GPP system design, and proposes the answers to SA2.
Discussion

1. How to map SA1 KPIs to SA2 PDB?
SA2 has defined “Packet Delay Budget (PDB)” in TS 23.501 as one of performance characteristics.

	The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface. For a certain 5QI the value of the PDB is the same in UL and DL. In the case of 3GPP access, the PDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points). For a delay critical GBR QoS flows, a packet delayed more than PDB is counted as lost if the transmitted data burst is less than Maximum Data Burst Volume within the period of PDB. For all other flows, the PDB shall be interpreted as a maximum delay with a confidence level of 98 percent.


Please also find below the User Plane architecture specified in TS 23.501 for more information.
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The performance requirements for low-latency and high-reliability scenarios have been captured in SA1 TS 22.261:
	Scenario
	End-to-end latency
(note 2)
	Jitter
	Survival time
	Communication service availability
(note 3)
	Reliability
(note 3)
	…

	Discrete automation
	10 ms
	100 µs
	0 ms
	99,99%
	99,99%
	

	Process automation – remote control
	50 ms
	20 ms
	100 ms
	99,9999%
	99,999%
	

	Process automation ‒ monitoring
	50 ms
	20 ms
	100 ms
	99,9%
	99,9%
	

	Electricity distribution – medium voltage
	25 ms
	25 ms
	25 ms
	99,9%
	99,9%
	

	Electricity distribution – high voltage 
(note 2)
	5 ms
	1 ms
	10 ms
	99,9999%
	99,999%
	

	Intelligent transport systems – 
infrastructure backhaul
	10 ms


	20 ms
	100 ms
	99,9999%
	99,999%
	

	Remote control
	[5 ms]
	TBC
	TBC
	[99,999%]
	[99,999%]
	

	.. …
NOTE 2: 
This is the end-to-end latency required for the 5G system to deliver the service in the case the end-to-end latency is completely allocated to the 5G system from the UE to the Interface to Data Network.
NOTE 3: 
Communication service availability relates to the service interfaces, reliability relates to a given node. One or more retransmission over the radio interface may take place in order to satisfy the reliability requirement.
… …
NOTE 9: 
All the values in this table are targeted values and not strict requirements. Deployment configurations should be taken into account when considering service offerings that meet the targets. 


As explained in the LS, the latency SA2 are using for the 5QIs/QCIs is the maximum delay for either 98% of packets, or, for delay critical GBR for the required reliability level (e.g. 99.999%) of packets in the 3GPP system, i.e. between the UE and the UPF terminating the N6 interface with the data network.
“End-to-end latency”, as defined in SA1, indicates the average delay budget, while jitter indicates the deviation. Therefore “end-to-end latency + jitter” would define the maximum delay. As further explained in Note 2 in the table, such requirements are under the assumption that “the end-to-end latency is completely allocated to the 5G system from the UE to the Interface to Data Network”.
Proposal #1: The answer to the 1st question in SA2 ‘s LS

“1) 
Should SA2 set the 5QI/QCI PDB for the "reliability %" equal to "the sum of end-to-end latency, jitter, and survival time"? or Just the "end to end latency"? or "sum of end-to-end latency and jitter"”

Answer: SA2 should set the 5QI/QCI PDB for the "reliability %" equal to "the sum of end-to-end latency and jitter".

Proposal #2: The answer to the 3rd question in SA2 ‘s LS

“3)
Questions were asked on the “Intelligent transport systems – infrastructure backhaul” row in the table in clause 7.2.2 of TS 22.261. Some companies are wondering how can we design for a service that expects a Jitter value twice the target latency (10 ms end to end latency and 20 ms jitter), their understanding being that the latency is a maximum acceptable value, whereas the maximum jitter value is upper bounded by the latency. Other companies view the target latency as the mean latency and the jitter as e.g. the standard deviation.”

Answer: For the scenario “Intelligent transport systems – infrastructure backhaul”, 10 ms (end-to-end latency) + 20 ms (jitter), is the maximum allowed delay.

2. Reliability vs. communication service availability vs. survival time
As defined in TS 22.261, both communication service availability and survival time are related to the whole system, while reliability is to a node. Communication service availability is the requirement based on the service level agreement. Let’s use “process automation – remote control”, as defined in 22.261, as an example for this discussion.  

Assuming the 5G system is used to provide an end-to-end solution for the communication service required for this use case, then the end-to-end latency would be the latency measured between a remote control Application Server and a UE. The target end-to-end latency would be 50 ms (the average delay budget) with the allowed deviation of 20 ms (jitter). Reliability may be measured at the Application Server node, to which 99.999% percent of packets shall be successfully delivered with the delay budget of (50 ms + 20 ms). Retransmission is allowed as long as it is within the time constraint. As to the communication service availability, as explained in the definition, it is about the overall communication service. For this use case, only 0.0001% of cases is allowed (over the entire duration defined in the service level agreement) where a packet is not delivered within the time constraint, i.e. 50 ms + 20 ms + 100 ms.
Proposal #3: The answer to the 5th question in SA2 ‘s LS

“5)
The definition of reliability and communication service availability is unclear. If the reliability is a node-level target, then the earlier observation it must be higher than the Communication service availability was pertinent. On the other hand, it seems to address now a radio level target via the comment on retransmission. Maybe this should be fully clarified.”
Answer: Communication service availability is the requirement based on the service level agreement, based on which the system is considered unavailable in case an expected message is not received within a specified time, which, at minimum, is the sum of end-to-end latency, jitter, and survival time. Reliability relates to a given node. Retransmission is allowed as long as it is within the time constraint (i.e. the maximum delay budget, "the sum of end-to-end latency and jitter").

Proposal #4: The answer to the 2nd question in SA2 ‘s LS

“2) 
SA2 would kindly ask SA1 to indicate the intended usage of survival time in the design.”

Answer: Survival time relates to the communication service availability. The communication service system is considered unavailable in case an expected message is not received within a specified time, which, at minimum, is the sum of end-to-end latency, jitter, and survival time.
3. user experienced data rate
As defined in the TS 22.261, user experienced data rate indicates a default value of guaranteed data rate that the system needs to deliver.
Proposal #5: The answer to the 4th question in SA2 ‘s LS

“4)
user experienced data rate seems to identify then a default value of guaranteed data rate that the system needs to deliver. Is the understanding correct?”

Answer: User experienced data rate indicates a default value of guaranteed data rate that the system needs to deliver.
Conclusion and Proposal
The issues related to the SA2’s LS have been discussed in this paper; and the answers to the SA2’s questions are therefore proposed:

Proposal #1: The answer to the 1st question in SA2 ‘s LS

“1) 
Should SA2 set the 5QI/QCI PDB for the "reliability %" equal to "the sum of end-to-end latency, jitter, and survival time"? or Just the "end to end latency"? or "sum of end-to-end latency and jitter"”

Answer: SA2 should set the 5QI/QCI PDB for the "reliability %" equal to "the sum of end-to-end latency and jitter".

Proposal #2: The answer to the 3rd question in SA2 ‘s LS

“3)
Questions were asked on the “Intelligent transport systems – infrastructure backhaul” row in the table in clause 7.2.2 of TS 22.261. Some companies are wondering how can we design for a service that expects a Jitter value twice the target latency (10 ms end to end latency and 20 ms jitter), their understanding being that the latency is a maximum acceptable value, whereas the maximum jitter value is upper bounded by the latency. Other companies view the target latency as the mean latency and the jitter as e.g. the standard deviation.”

Answer: For the scenario “Intelligent transport systems – infrastructure backhaul”, 10 ms (end-to-end latency) + 20 ms (jitter), is the maximum allowed delay.

Proposal #3: The answer to the 5th question in SA2 ‘s LS

“5)
The definition of reliability and communication service availability is unclear. If the reliability is a node-level target, then the earlier observation it must be higher than the Communication service availability was pertinent. On the other hand, it seems to address now a radio level target via the comment on retransmission. Maybe this should be fully clarified.”
Answer: Communication service availability is the requirement based on the service level agreement, based on which the system is considered unavailable in case an expected message is not received within a specified time, which, at minimum, is the sum of end-to-end latency, jitter, and survival time. Reliability relates to a given node. Retransmission is allowed as long as it is within the time constraint (i.e. the maximum delay budget, "the sum of end-to-end latency and jitter").

Proposal #4: The answer to the 2nd question in SA2 ‘s LS

“2) 
SA2 would kindly ask SA1 to indicate the intended usage of survival time in the design.”

Answer: Survival time relates to the communication service availability. The communication service system is considered unavailable in case an expected message is not received within a specified time, which, at minimum, is the sum of end-to-end latency, jitter, and survival time.
Proposal #5: The answer to the 4th question in SA2 ‘s LS

“4)
user experienced data rate seems to identify then a default value of guaranteed data rate that the system needs to deliver. Is the understanding correct?”

Answer: User experienced data rate indicates a default value of guaranteed data rate that the system needs to deliver.
Annex: Delay & Jitter vs. Normal distribution
For the sake of simplicity, it is assumed the end-to-end latency samples follow a normal distribution as shown below.
Note: The end-to-end latency for a large number of transmitted packets is randomly distributed. ifak e.V. conducted measurements of characteristic parameters such as end-to-end latency for a wide range of wireless network solutions, and for all of them, the corresponding histogram looked rather like a gamma distribution with k = 2 and θ = 2
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1)       The mean (average or μ).

2)       Standard deviation (σ).

3)       68.2% of the data falls within one standard deviation of the mean.

4)       95.4% of the data falls within two standard deviations of the mean.

5)       99.6% of the data falls within three standard deviations of the mean.

The “end-to-end latency” may be considered equivalent to “the mean” in the figure above; while “jitter” indicates the deviation. Furthermore, if no re-transmission is assumed, reliability would be illustrated in the figure as the “1σ / 2σ /3σ” areas, e.g. 1σ area would represent a reliability of 68.2%.
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