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Discussion
The FS_IIoT SID includes the following objectives:

1.
Enhanced support of integration with IEEE TSN:

a. Support for uplink synchronization with 5GS. 
b. Support for multiple working clock domains connected to the UE (considering uplink synchronisation with UE as master).
c. Support for Time Synchronization of UE(s) with the TSN GM of master UE with 5G System.

2. Enhanced support of deterministic applications:

a. UE-UE TSC communication via same UPF 
b. Exposure of network capability to support Time sensitive communication, more specifically deterministic services and Time synchronization.

3. Consider the following aspects:

a.  Specific TSC related requirements needed for Audio Visual Service Production.
Objective 2b is related to exposure thus also enabling AF influencing support of TSC/URLLC services.  Objective 3a to support Audio Visual Service Production applications (also named Video, Imaging and Audio for Professional Applications (VIAPA)) also relates to AF influencing support of TSC/URLLC services. 
TS22.263 provides requirements for VIAPA that entail support for deterministic (periodic and stable within bounds as per TS22.104) traffic when there is no TSN network.  Hence these requirements are not satisfied by the R16 5GS bridge integrated into a TSN network. Specifically, TS22.263 specifies:

· Performance requirements with:

· latency as low as 600 usec for traffic with a periodicity (Transfer Interval) of 250 usec for professional low-latency audio (see TS22.263, Table 6.2.1-1).  

· Greater than 99.99999% reliability for UHD medical video (see TS22.263, Table 6.2.2-1).  

· “The 5G network shall be able to provide a time reference information to a 3rd party application acting as a master clock with an accuracy of 1 microsecond”

· Through network exposure, “the 5G system shall support mechanisms to allow 3rd party application to update the UE configuration for a UE or group of UEs using the application

Furthermore, TS22.104 provides requirements for cyber-physical control applications in vertical domains. For many applications, requirements can be met without the need to integrate the 5GS as a bridge in a TSN DN.  In cases with moderate latency requirements, a bridged network without the complexity of IEEE TSN and the constraints on non-TSN N3/F1-U is sufficient.  In other cases, IP networking (IP PDU Session) may be preferred, as also highlighted in supporting TR22.827 for VIAPA where support for deterministic transport of IPv4 and IPv6 unicast and multicast traffic, media RTP based media streams, is requested.  Examples of applicable use cases with moderate latency requirements are shown in the table below, which is extracted from TS22.104, Table 5.2-1: Periodic deterministic communication service performance requirements.

To satisfy these requirements when where there is no IEEE TSN DN, an alternative mechanism to the TSN AF is needed to influence deterministic QoS in the 5GS.

	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)
	Service bit rate: user experienced data rate
	Transfer interval: target value
	Survival time
	Remarks

	99,9999 %
	–
	< 5 ms
	1 kbit/s (steady state)
1,5 Mbit/s (fault case)
	< 60 s 
(steady state)
≥ 1 ms (fault case)
	TBD
	Electrical Distribution – Dis​tributed automated switch​ing for isolation and service restoration (A.4.4); (note 5) 

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	
	≤ 10 ms
	10 ms
	Control-to-control in motion control (A.2.2.2); (note 9)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	
	≤ 50 ms
	50 ms
	Control-to-control in motion control (A.2.2.2); (note 9)

	> 99,9999 %
	~ 10 years
	< transfer interval value
	–
	1 ms to 50 ms (note 6) (note 7)
	transfer interval value
	Mobile robots (A.2.2.3)

	99,9999 % to 99,999999 %
	~ 1 month
	< transfer interval value
	–
	4 ms to 8 ms (note 7)
	transfer interval value
	Mobile control panels – remote control of e.g. assembly robots, milling machines (A.2.4.1); (note 9)

	99,999 %
	TBD
	~ 50 ms  
	–
	~ 50 ms
	TBD
	Primary frequency control (A.4.2); (note 9)

	99,999 %
	TBD
	~ 100 ms
	–
	~ 200 ms
	TBD
	Distributed Voltage Control (A.4.3) (note 9)

	> 99,9999 %
	~ 1 year
	< transfer interval value
	–
	10 ms to 100 ms (note 7)
	transfer interval value
	Mobile robots – video-operated remote control (A.2.2.3)

	> 99,9999 %
	~ 1 year
	< transfer interval value
	–
	40 ms to 500 ms (note 7)
	transfer interval value
	Mobile robots (A.2.2.3)

	99,99 %
	≥ 1 week
	< transfer interval value
	–
	100 ms to 60s (note 7)
	≥ 3 x transfer interval value
	Plant asset management (A.2.3.3)

	> 99.999999%
	>1 day
	<2 ms
	2-16 Mbit/s
	1 ms
	transfer interval value
	Robotic Aided Surgery (A.6.2)

	> 99.9999% 
	>1 day
	<20 ms
	2-16 Mbit/s
	1 ms
	transfer interval value
	Robotic Aided Surgery (A.6.2)

	> 99.999%
	>1 day
	<20 ms
	2-16 Mbit/s
	1 ms
	transfer interval value
	Robotic Aided Diagnosis (A.6.3)

	99,9999 % to 99,999999 %
	~ 10 years
	< 0.5 * transfer interval
	2.5 Mbit/s
	> 5
>2.5
>1.7
(note 10)
	0
transfer interval
2 * transfer interval
(note 10)
	Cooperative carrying – fragile work pieces; (ProSe communication)

	99,9999 % to 99,999999 %
	~ 10 years
	< 0.5 * transfer interval
	2.5 Mbit/s
	> 5
>2.5
>1.7
(note 10)
	0
transfer interval
2 * transfer interval
(note 10)
	Cooperative carrying – elastic work pieces; (ProSe communication)


Subset of TS22.104 Table 5.2-1: Periodic deterministic communication service performance requirements
6.3.1
Audio and video production applications

Table 6.3.1-1: Performance requirements for low latency deterministic periodic traffic with multicast service.
	Profile
	# of active UEs
	# of UL streams
	# of DL streams
	UE Speed
	Service Area
	E2E latency (Note 1)
	Transfer interval (Note 1)
	Packet error rate (Note 2)
	Data rate UL
	Data rate DL

	Integrated audience services
	50000
	-
	30 multicast streams
	5 km/h
	1.5 km x 1.5 km
	5 ms DL
	5 ms
	10-3
	-
	200 kbit/s

	Intercom system
	1000
	240 (Note 3)
	30 multicast streams
	5 km/h
	1.5 km x 1.5 km
	3 ms DL

3 ms UL
	3 ms
	10-3
	100 kbit/s
	100 kbit/s

	NOTE 1: 
Transfer interval refers to periodicity of the packet transfers. It has to be constant during the whole operation and can be defined as being the same as the Tframe. The value given in the table is a typical one, however other transfer intervals are possible as long as the end-to-end latency is smaller than ≤ (15 – 3 × Tframe)/2 for the 2-way communication profiles and ≤ (15 – 2 × Tframe) for the 1-way communication profiles, which yields a mouth-to-ear latency of 20 ms. 

NOTE 2: 
Packet error rate is related to a packet size of transfer interval × data rate. Packets that do not conform with the end-to-end latency are also accounted as error.

NOTE 3: 
The UL stream originating from a UE may be the source of a DL multicast stream.


We derive following possible deployment scenarios:

1 – For all cases: Application requires deterministic services with performance requirements specified in 22.104 and 22.263.  Applications provide those requirements to a function (eg: CUC/CNC/AF) which then configures the 5GS 
Case 0: 5GS integrated with IEEE TSN network:  This is the Rel-16 configuration.  It is applicable when performance requirements can only be met by applying IEEE TSN to both the wired network and the 5GS.  This is necessary for the most stringent (e.g.: motion control) applications described in 22.104.   It imposes the additional constraint that an IEEE TSN network is required.

Case 1: 5GS Standalone:  There are no wired network segments outside of the 5GS.   But the 5GS requires TSC attributes (e.g.: TSCAI) to meet performance requirements for TSC applications. This is applicable to VIAPA in 22.263 and 22.104 use cases with favourable network topology (so no DN is needed). 

Case 2: 5GS with IP network: Performance requirements for TSC are achieved with a configured IP network (Out of scope for 3GPP), and configuration of TSC in the 5GS.  It is up to the AF to determine the service requested from the 5GS.  How this is done by the AF is Out of scope for 3GPP (e.g.: AF determines 5GS latency request by subtracting from an Application requirement a fixed latency allocation for the IP network). This is applicable to VIAPA in 22.263 and similar applications.

Case 3: 5GS with non-TSN Ethernet network (as required in 22.261, section 6.24).  Performance requirements for TSC are achieved with a configured non-TSN bridge network (OOS for 3GPP), and configuration of TSC in the 5GS.  It is up to the AF to determine the service requested from the 5GS.  How this is done by the AF is again Out of scope for 3GPP (eg: AF determines 5GS latency request by subtracting from an Application requirement a fixed latency allocation for the bridged portion of the network).  This is applicable to 22.104 use cases listed in the table above.

Proposal

It is proposed to add the following key issue to the TR 23.700-20 for FS_IIoT
*** Start of changes ***
5.X
Key Issue #<X>: Application influencing TSC/URLLC services 
5.X.1
Description


The objective of this Key Issue is to allow wider and more flexible use of 5GS TSC and URLLC through the 5GS Network Exposure Function framework. In Rel-16 the 5GS was extended to appear as an Ethernet bridge in an IEEE 802.1Q network supporting IEEE P802.1Qcc (fully centralized model only) and 802.1Qbv. In addition, in Rel-16 configurations were defined to support redundancy whereby multiple redundant paths through the 5GS may be configured.

The exposure framework can be used to provide more flexible support for TSC, not linked to specific DN IEEE protocols and IEEE network configuration models, as depicted in Figure 5.1.x. In this context support for layer 3 networks that utilize IP PDU Session types, UE-UE TSC communication through a common UPF (where there is no N6 DN) and support for Ethernet networks that have non-TSN bridges should be considered. Similarly, to support applications with a variety of reliability requirements within a URLLC slice (e.g.: a factory specific slice), it should be possible for the AF to be made aware of UE and network support of high reliability and to request a configuration from the 5GS. Exposure is particularly useful in factories where UEs from different vendors may support different reliability configurations (e,g.: dual connectivity to multiple PSAs).


[image: image1]
Figure 5.1.x: Application influencing TSC services using NEF Framework

Any AF that has knowledge of deterministic application requirements should be able to request TSC and URLLC services from the 5GS and as authorized, be notified of pertinent network events. This key issue is intended to support requirements for Video, Imaging and Audio for Professional Applications (VIAPA) within 5G System, as described in TS 22.263, including:
· Up to 30 simultaneous multi-cast streams with up to 50,000 active UE.
· Speeds up to 200 km/h.

· Support of VIAPA environments are different compared to the static factory environment addressed in Release-16, e.g: setup deterministic QoS to support live events (ad-hoc networks) such as live news-gathering, sports events, music festivals as listed in TS 22.263 [1].

Following are the assumptions behind the deployment scenarios:

Application requires deterministic services with performance requirements specified in 22.104 and 22.263.  Applications provide those requirements to a function (eg: CUC/CNC/AF) which then configures the 5GS.
Case 0: 5GS integrated with application supporting IEEE TSN:  This is the Rel-16 configuration.  It is applicable when performance requirements can only be met by applying IEEE TSN to both the wired network and the 5GS.  This is necessary for the most stringent (eg: motion control) applications described in TS 22.104.  It imposes the additional constraint that an IEEE TSN network is required.

Case 1: 5GS Standalone:  There are no wired network segments outside of the 5GS.   But the 5GS requires TSC attributes (eg: TSCAI) to meet performance requirements for TSC applications. This is applicable to VIAPA in TS 22.263 and TS 22.104 use cases with favourable network topology (so no DN is needed).

Case 2: 5GS with IP application: Performance requirements for TSC are achieved with a configured IP application (Out of scope for 3GPP), and configuration of TSC in the 5GS.  It is up to the AF to determine the service requested from the 5GS.  How this is done by the AF is Out of scope for 3GPP (eg: AF determines 5GS latency request by subtracting from an Application requirement a fixed latency allocation for the IP network). This is applicable to VIAPA in 22.263 and similar applications.

Case 3: 5GS with Ethernet network but not IEEE TSN (as required in 22.261, section 6.24).  Performance requirements for TSC are achieved with a configured non-TSN bridge network (Out of Scope for 3GPP), and configuration of TSC in the 5GS.  It is up to the AF to determine the service requested from the 5GS.  How this is done by the AF is again Out of scope for 3GPP (eg: AF determines 5GS latency request by subtracting from an Application requirement a fixed latency allocation for the bridged portion of the network).  This is applicable to 22.104 use cases listed in the table 5.2.1.

For this Key Issue, the following areas should be studied:

1. Exposure for AF influencing deterministic QoS:

a) Exposure to a trusted AF regarding 5GS characteristics, and the ability to support dynamic negotiation of delay requirement, and periodic, deterministic QoS information (e.g. TSCAI enablers) useful in the 5GS with an AF.
b) Allowing TSC to apply for IP Packets including IPv4 and IPv6 for VIAPA (e.g. RTP based media) and other TSC streams (e.g: using IP PDU Sessions).
c) Ability for AF to influence QoS characteristics for a QoS flow at the time of PDU Session/QoS flow establishment and/or modification.
d) Allow for tuning of both application and network performance by exploiting VIAPA flexibility to determine packet transfer intervals and end-to-end latency as described in TS22.263.

e) Obtaining application requirements for UE-UE communication and dynamic negotiation of resources.
f) Ability to dynamically map to a certain slice type/instance based on QoS and traffic characteristics requested by the application
g) Ability for network to expose the difference between requested and delivered QoS.
2. Exposure for Time Synchronization across the 5GS:

h) Enablers to activate Time Synchronization service from the AF for a TSN Domain GM or 5G GM (i.e. for VIAPA applications) or any other GM.
i) Requests for Time synchronization with a master clock located either on the device or network side.
3. Exposure for Reliability:

j) Exposure to an AF of 5GS and UE redundancy support, and AF configuration request for redundant user plane paths.

k) Exposure to an AF of PSA info. (e.g. DNN, PSA IP@) for redundant PDU Sessions that are established for a certain application.  Note this may be used by the AF to configure packet duplication in the DN – e.g.: using 802.1CB (FRER) or other multi-connectivity transport protocols (MP-QUIC, etc.).

*** End of changes ***
3GPP
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