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1
Decision/action requested

In this box give a very clear / short /concise statement of what is wanted.
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3
Rationale

This tdoc addresses the requirements related to DCSA [1, 2].
Definition of deterministic communications [4]:

Determinism refers to whether the delay between transmission of a message and receipt of the message at the destination address is stable (within bounds). Usually, communication is called deterministic if it is bounded by a given threshold for the latency/transmission time. In case of a periodic transmission, the variation of the interval is bounded.
New requirements related to FS_DCSA: extractions from TS 22.104 [4].

The 5G system shall be able to provide periodic deterministic communication with the service performance requirements for individual logical communication links that realise the communication services reported in Table 5.2‑1.
Table 5.2-1: Periodic deterministic communication service performance requirements

	Characteristic parameter
	Influence quantity
	

	Communica​tion service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2) (note 12a)
	Service bit rate: user experienced data rate (note 12a)
	Message size [byte] (note 12a)
	Transfer interval: target value (note 12a)
	Survival time (note 12a)
	UE 
speed (note 13)
	# of UEs
	Service area 
(note 3)
	Remarks

	99.999 % to 99.999 99 %
	~ 10 years


	< transfer interval value
	–
	50
	500 μs 
	500 μs
	≤ 75 km/h
	≤ 20
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	…
	
	
	
	
	
	
	
	
	
	

	> 99.999 9 %
	~ 1 year
	< transfer interval value
	–
	15 k to 250 k
	10 ms to 100 ms (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 2,000
	≤ 1 km2
	Mobile robots – video-operated remote control (A.2.2.3)

	…
	
	
	
	
	
	
	
	
	
	


NOTE 2:
Unless otherwise specified, all communication includes 1 wireless link (UE to network node or network node to UE) rather than two wireless links (UE to UE).

NOTE 12a:
It applies to both UL and DL unless stated otherwise.
Process and asset monitoring using industrial wireless sensors is a special case of periodic deterministic communication with more relaxed requirements on timeliness and availability. These use cases put a slightly different set of requirements on the 5G system due to the specific constraints of industrial wireless sensors. These requirements for individual logical communication links are listed in Table 5.2-2 and additional information on the underlying use cases can be found in Annex A.

Table 5.2-2: Communication service performance requirements for industrial wireless sensors

	Characteristic parameter
	Influence quantity
	

	Communica​tion service availability: target value
	Communication service reliability: mean time between failure
	End-to-end latency (note 6)
	Transfer interval

(note 1) (note 7)
	Service bit rate: user experienced data rate

(note 2) (note 7)
	Battery lifetime [year]

(note 3)
	Message

Size

[byte] (note 7)
	Survival time 
(note 7)
	UE speed
	UE density [UE / m²]
	Range

[m]

(note 4)
	Remarks

	99.99 %
	≥ 1 week
	< 100 ms
	100 ms to 60 s
	≤ 1 Mbit/s
	≥ 5
	20

(note 5)
	3 x transfer interval
	stationary
	Up to 1
	< 500
	Process monitoring, e.g. temperature sensor (A.2.3.2)

	99.99 %
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 200 kbit/s
	≥ 5
	25 k
	3 x transfer interval
	stationary
	Up to 0.05
	< 500
	Asset monitoring, e.g. vibration sensor (A.2.3.2)

	99.99 %
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 2 Mbit/s
	≥ 5
	250 k
	3 x transfer interval
	stationary
	Up to 0.05
	< 500
	Asset monitoring, e.g. thermal camera (A.2.3.2)


Discussions:

For service deployment of deterministic communicaitons, some additional requirements may be needed. 
end-to-end latency [4, 5]: the time that it 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.
dLLatency/uLLatency[3]: An attribute specifies the required DL/UL packet transmission latency (millisecond) through the RAN, CN, and TN part of 5G network and is used to evaluate utilization performance of the end-to-end network slice. See clause 6.3.1 of 28.554.

Latency from (last) UPF to Application Server[10]: This optional attribute specifies maximum or worst-case one-way latency between UPF, and application server offered by the slice. This does not include latency introduced by the application server….

The boundary of the “application server” is defined by the application domain, which may simply be a server, or may for example be front ended by a load balancer provided by the application.
For deterministic communication, the end-to-end latency requirement is stringent and defined as the service performance, therefore the latency between the (last) UPF and application server should be considered. It is not reflected in existing ServiceProfile in TS 28.541 [3]. 
Transfer interval [4]: Periodic deterministic communication is periodic with stringent requirements on timeliness and availability of the communication service. A transmission occurs every transfer interval. 

Deterministic periodic communication: periodic communication with stringent requirements on timeliness of the transmission.

dLDeterministicComm/uLDeterministicComm [3]: An attribute specifies the properties of the deterministic communication in downlink/uplink for periodic user traffic, see clause 4.3 of TS 22.104.

An attribute periodicityList is included in the DeterminComm <<dataType>> for periodic deterministic communication. 

survival time [4, 5]: the time that an application consuming a communication service may continue without an anticipated message.
SurvivalTime [3]: An attribute specifies the time (millisecond) that an application consuming a communication service may continue without an anticipated message. See clause 5 of TS 22.104.

According to the requirements defined for periodic deterministic communications in [4], there are some relationships or constraints among the end-to-end latency, Transfer interval and SurvivalTime. These additional requirements should also be considered. For example:
· End-to-end latency: maximum < transfer interval value
· Survival time = 3 x transfer interval value;
Activity patterns in automation [4]: Cyber-physical control applications in automation follow certain activity patterns, which are open-loop control, closed-loop control, sequence control, and batch control (see Clause 4.2).
Communication in automation in vertical domains follows certain communication patterns. The most well-known is periodic deterministic communication, others are aperiodic deterministic communication and non-deterministic communication.
According to different activity patterns and communication patterns, the communication means used need to be deterministic since typically an activity response from the receiver and/or the receiving application is expected. Additional service requirements for the receiver are also needed. The periodic communication pattern has been included in TS 28.541 [3], other patterns should also be considered.
5G Timing Resiliency [4]: To enable support of many critical services within the 5G network, additional requirements and KPIs that enhance the 5G system with timing resiliency are specified in TS 22.261 [2] clauses 6.36 and 7.8. Those enhancements enable use of the 5G system for time critical services in collaboration with or as a backup to other timing solution such as loss or degradation of GNSS reference timing.
The 5G system shall support enhanced timing resiliency in collaboration with different types of time sources (e.g., GNSS, TBS/MBS [33] [34], Sync over Fiber [34]) to provide a robust time synchronization.

The 5G system shall be able to maintain accurate time synchronization as appropriate for the supported applications in the event of degradation or loss of the primary timing reference (e.g., GNSS).

Synchronicity [3]: An attribute specifies whether synchronicity of communication devices is supported, two cases are most important in this context, see clause 3.4.29 of NG.116.
Additional requirements regarding 5G Timing Resiliency should be considered for deterministic communications.

Proposal 1: Some requirements related to deterministic communication service may need to be introduced for ServiceProfile/xxxSliceProfile, e.g.,

-

Latency from (last) UPF to Application Server;
-

relationships or constraints among the end-to-end latency, transfer interval and survival time;
-

communication patterns/activity patterns related attributes, e.g., the requirements for aperiodic pattern;
-

5G Timing Resiliency related attributes;
Note: The attribute “Latency from (last) UPF to Application Server” has already been specified in NG.116 [10], it can be considered whether to introduce it in SA5.
Some conditions and descriptions may be added to the attributes end-to-end latency, survival time, and periodicity etc. There are some interconnections within them defined in TS 22.104, which have not been reflected in the ServiceProfile.
4
Detailed proposal

This document proposes the following changes in TR 28.865.

	1st Change


5.X.2
Potential solutions

5.X.2.a
Potential solution #x: service deployment 
5.X.2.a.1
Introduction

Editor's Note:
This clause describes briefly the potential solution for issue#1 at a high-level.
For service deployment of deterministic communication, additional requirements should be considered.
5.X.2.a.2
Description

Editor's Note:
This clause further details the potential solution and any assumptions made for issue#1.
Some new requirements to extend the serviceProfile and xxxsliceProfile may be needed.
-

Latency from (last) UPF to Application Server;

-

relationships or constraints among the end-to-end latency, transfer interval and survival time;

-

additional communication patterns related attributes, e.g. requirements of aperiodic pattern;

-

5G Timing Resiliency related attributes, e.g. different types of time sources such as GNSS, TBS/MBS and Sync over Fiber etc;
5.X.3
Conclusion - Impact on normative work

Editor's Note:
This clause provides the conclusion from the aspect of impact on normative work for issue#1.

