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Abstract of the contribution: This contribution provides an evaluation of solutions for key issue #3.1 System Enhancements to support Time Sensitive Networking (TSN) and #3.2 Time synchronization aspect.
1. Discussion
5GS can be modelled as a link, a bridge, or nodes of 5GS can be modelled as TSN nodes. In a link model or in a bridge model, TSN sync/measurement frames are exchanged via 5GS. In integrated model where the nodes of 5GS can be modelled as TSN nodes, TSN sync/measurement frames are not exchanged via 5GS. Instead, gNB-UE air synchronization mechanism is utilized in that model. We can also combine the bridge model and integration model, so that TSN sync/measurement frames are exchanged via 5GS and gNB-UE air synchronization mechanism is utilized. So the solutions can be categorized into 4 different groups as show in Table 1.
Table 1. Category of Solutions for KI#3.1 and KI#3.2

	Category
	Option 1 - Link Model
	Option 1 - Bridge Model
	Option 2 - Integration Model
	Option 3 - Combined Bridge & Integration Model

	Exchange TSN sync/ measurement frames via 5GS?
	Yes
	Yes
	No
	Yes

	Utilize gNB-UE Sync?
	No
	No
	Yes
	Yes

	Solutions
	6. TSN Arch. FRW
7. Link Model
9. Adaptation TSN FRW
11. TSN Option 1
16. QoS Framework
17. Deterministic QoS
18. QoS Interworking
	6. TSN Arch. FRW
8. Bridge Model
9. Adaptation TSN FRW
11. TSN Option 1
16. QoS Framework
17. Deterministic QoS
18. QoS Interworking
	10. Integrated TSN FRW
11. TSN Option 2
	11. TSN Option 3
19. UE-UPF Synch.


Based on the categorization, the solutions can be compared as shown in Table 2.
Table 2. Comparison of Solutions for KI#3.1 and KI#3.2
	Category
	Option 1 - Link Model
	Option 1 - Bridge Model
	Option 2 - Integration Model
	Option 3 – Combined Bridge & Integration Model

	Architecture assumptions and principles for supporting TSN in 5G System?
	5GS is modelled as a Link.
TSN Sync / Measurement Frames are exchanged via 5GS
UE-gNB Air Sync is not utilized
	5GS is modelled as a Bridge.
TSN Sync / Measurement Frames are exchanged via 5GS
UE-gNB Air Sync is not utilized
	gNB is synchronized with TSN system.
TSN Sync / Measurement Frames are not exchanged via 5GS
UE-gNB Air Sync is utilized
	gNB is synchronized with TSN system.
TSN Sync / Measurement Frames are exchanged via 5GS
UE-gNB Air Sync is utilized

	Enhancements to QoS (e.g. new 5QI), policy framework to support TSN?
	New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max)
	New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max)
	No enhancements in QoS
	No enhancements in QoS

	Enhancements to 3GPP network to support scheduling requirements between UE(s) and application for wireless TSN deployment in the 5G System for TSN support?
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) are not needed
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) are not needed
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed

	The impact on 5G System when TSN support is introduced due to mobility and determine to what extent TSN can be supported when there is mobility?
	When there is mobility, TSN is supported if the QoS is maintained.
	When there is mobility, TSN is supported if the QoS is maintained.
	When there is mobility, TSN is supported if coordination and synchronization of scheduling across multiple cells, multiple gNBs are maintained.
	When there is mobility, TSN is supported if coordination and synchronization of scheduling across multiple cells, multiple gNBs are maintained.

	How and whether interworking and co-existence can be supported with existing TSN deployments should be identified?
	5GS is modelled as a Link. 
TSN Sync / Measurement Frames are exchanged via 5GS.
	5GS is modelled as a Bridge. 
TSN Sync / Measurement Frames are exchanged via 5GS.
	gNB is synchronized with TSN system. 
TSN Sync / Measurement Frames are not exchanged via 5GS.
	gNB is synchronized with TSN system.
TSN Sync / Measurement Frames are exchanged via 5GS.

	Whether and how work done in other SDOs (e.g. IEEE, IETF) can be leveraged for support of TSN in 5G System e.g. scheduling of traffic (IEEE 802.1Qbv).
	If 5GS supports deterministic and symmetric delays, 5GS can be considered just like a wireline Ethernet.
	5GS is considered as a TSN bridge, so it will give the other TSN nodes signalling accordingly.
	5GS nodes are TSN nodes. Hence, each 5GS nodes will exchange signalling with the TSN nodes accordingly.
	5GS nodes are TSN nodes. Hence, each 5GS nodes will exchange signalling with the TSN nodes accordingly.

	gNB is becoming part of TSN subnet and it needs to support requirements to perform resource reservation using SRP, CNC, and support time-aware scheduling?
	gNB is not part of TSN subnet.
gNB need not support SRP, CNC, but needs to support time-aware scheduling.
	gNB is not part of TSN subnet.

gNB need not support SRP, CNC, but needs to support time-aware scheduling
	gNB is part of TSN subnet.
gNB needs to support SRP, CNC, and time-aware scheduling
	gNB is part of TSN subnet.
gNB needs to support SRP, CNC, and time-aware scheduling

	How the 5G system achieves time synchronization for the devices connected to the 3GPP network, to meet the requirement defined by SA WG1.
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is not utilized
Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is not utilized
Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is utilized
No QoS Requirements
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is utilized
No QoS Requirements

	How the 5G system achieves time synchronization between the devices connected to the 3GPP network and external time-sensitive network
	Each UE is synchronized with the existing TSN system. So the synchronization between UEs is also achieved.
	Each UE is synchronized with the existing TSN system. So the synchronization between UEs is also achieved.
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed

	Can it be assumed that all UEs connected to the 5G system need to be synchronized to the same time source?
	Yes. It can be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.
	Yes. It can be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.
	No. It cannot be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.
	Yes.  It can be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.

	What is the complexity of supporting 802.1AS operation via the transport of 802.1AS messages over the 5G system?
	Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	UE-gNB Air Sync is utilized
Modem-level Clock should be synchronized with Application-level Clock
	UE-gNB Air Sync is utilized
Modem-level Clock should be synchronized with Application-level Clock

	What is the complexity of signalling precise timing to the UE via 5G air interface signalling?
	No signaling precise timing is required
	No signaling precise timing is required
	UE-gNB Air Sync is utilized
Modem-level Clock should be synchronized with Application-level Clock
	UE-gNB Air Sync is utilized
Modem-level Clock should be synchronized with Application-level Clock


As summary the pros and cons of each category is like the table 3.
Table 3. Pros and Cons of Solutions for KI#3.1 and KI#3.2
	Category
	Option 1 - Link Model
	Option 1 - Bridge Model
	Option 2 - Integration Model
	Option 3 – Combined Bridge & Integration Model

	Pros
	None of UPF, gNB, and UE need to support TSN.
	gNB need not support TSN.
	No new 5QI is needed.
TSN Sync / Measurement Frames are not exchanged via 5GS.
	TSN Sync / Measurement Frames are exchanged via 5GS, but no new 5QI is needed.

	Cons
	TSN Sync / Measurement Frames are exchanged via 5GS.
New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max) is needed.
	TSN Sync / Measurement Frames are exchanged via 5GS.

New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max) is needed.
	gNB needs to support TSN.

UE-gNB Air Sync is utilized.
	UE-gNB Air Sync is utilized.

	Notes
	For traffic requiring real-time constraints, new 5QI is needed in any way.
	For traffic requiring real-time constraints, new 5QI is needed in any way.
	-
	-


2.
Proposal
We propose to apply the following changes to TR 23.734.

* * * Start of Changes * * * 

7.X
Evaluation of Solutions for KI#3.1 and KI#3.2
The solutions for key issue #3.1 System Enhancements to support Time Sensitive Networking (TSN) and #3.2 Time synchronization aspect can be categorized into 4 different groups as show in Table 7.X-1.

Table 7.X-1. Category of Solutions for KI#3.1 and KI#3.2

	Category
	Option 1 - Link Model
	Option 1 - Bridge Model
	Option 2 - Integration Model
	Option 3 - Combined Bridge & Integration Model

	exchange TSN frames via 5GS?
	Yes
	Yes
	No
	Yes

	Utilize gNB-UE Sync?
	No
	No
	Yes
	Yes

	Solutions
	6. TSN Arch. FRW
7. Link Model
9. Adaptation TSN FRW
11. TSN Option 1
16. QoS Framework
17. Deterministic QoS
18. QoS Interworking
	6. TSN Arch. FRW
8. Bridge Model
9. Adaptation TSN FRW
11. TSN Option 1
16. QoS Framework
17. Deterministic QoS
18. QoS Interworking
	10. Integrated TSN FRW
11. TSN Option 2
	11. TSN Option 3
19. UE-UPF Synch.


Based on the categorization, comparison of the solutions are as shown in Table 7.X-2.

Table 7.X-2. Comparison of Solutions for KI#3.1 and KI#3.2
	Category
	Option 1 - Link Model
	Option 1 - Bridge Model
	Option 2 - Integration Model
	Option 3 – Combined Bridge & Integration Model

	Architecture assumptions and principles for supporting TSN in 5G System?
	5GS is modelled as a Link.
TSN Sync / Measurement Frames are exchanged via 5GS.
UE-gNB Air Sync is not utilized.
	5GS is modelled as a Bridge.
TSN Sync / Measurement Frames are exchanged via 5GS.
UE-gNB Air Sync is not utilized.
	gNB is synchronized with TSN system.
TSN Sync / Measurement Frames are not exchanged via 5GS.
UE-gNB Air Sync is utilized.
	gNB is synchronized with TSN system.
TSN Sync / Measurement Frames are exchanged via 5GS.
UE-gNB Air Sync is utilized.

	Enhancements to QoS (e.g. new 5QI), policy framework to support TSN?
	New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max) is needed.
	New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max) is needed.
	No enhancements in QoS is needed.
	No enhancements in QoS is needed.

	Enhancements to 3GPP network to support scheduling requirements between UE(s) and application for wireless TSN deployment in the 5G System for TSN support?
	Coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) are not needed.
	Coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) are not needed.
	Coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed.
	Coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed.

	The impact on 5G System when TSN support is introduced due to mobility and determine to what extent TSN can be supported when there is mobility?
	When there is mobility, TSN is supported if the QoS is maintained.
	When there is mobility, TSN is supported if the QoS is maintained.
	When there is mobility, TSN is supported if coordination and synchronization of scheduling across multiple cells, multiple gNBs are maintained.
	When there is mobility, TSN is supported if coordination and synchronization of scheduling across multiple cells, multiple gNBs are maintained.

	How and whether interworking and co-existence can be supported with existing TSN deployments should be identified?
	5GS is modelled as a Link. 
TSN Sync / Measurement Frames are exchanged via 5GS.
	5GS is modelled as a Bridge. 
TSN Sync / Measurement Frames are exchanged via 5GS.
	gNB is synchronized with TSN system.
TSN Sync / Measurement Frames are not exchanged via 5GS.
	gNB is synchronized with TSN system.
TSN Sync / Measurement Frames are exchanged via 5GS.

	Whether and how work done in other SDOs (e.g. IEEE, IETF) can be leveraged for support of TSN in 5G System e.g. scheduling of traffic (IEEE 802.1Qbv).
	If 5GS supports deterministic and symmetric delays, 5GS can be considered just like a wireline Ethernet.
	5GS is considered as a TSN bridge, so it will give the other TSN nodes signalling accordingly.
	5GS nodes are TSN end stations. Hence, each 5GS nodes will exchange signalling with the TSN nodes accordingly.
	5GS nodes are TSN end  stations. Hence, each 5GS nodes will exchange signalling with the TSN nodes accordingly.

	gNB is becoming part of TSN subnet and it needs to support requirements to perform resource reservation using SRP, CNC, and support time-aware scheduling?
	gNB is not part of TSN subnet.
gNB need not support SRP, CNC, but needs to support time-aware scheduling.
	gNB is not part of TSN subnet.

gNB need not support SRP, CNC, but needs to support time-aware scheduling
	gNB is part of TSN subnet.
gNB needs to support SRP, CNC, and time-aware scheduling
	gNB is part of TSN subnet.
gNB needs to support SRP, CNC, and time-aware scheduling

	How the 5G system achieves time synchronization for the devices connected to the 3GPP network, to meet the requirement defined by SA WG1.
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is not utilized
Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is not utilized
Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is utilized
No QoS Requirements
	TSN Sync / Measurement Frames are exchanged
UE-gNB Air Sync is utilized
No QoS Requirements

	How the 5G system achieves time synchronization between the devices connected to the 3GPP network and external time-sensitive network
	Each UE is synchronized with the existing TSN system. So the synchronization between UEs is also achieved.
	Each UE is synchronized with the existing TSN system. So the synchronization between UEs is also achieved.
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed
	coordination and synchronization of scheduling across multiple cells, multiple gNBs for multiple UE(s) etc are needed

	Can it be assumed that all UEs connected to the 5G system need to be synchronized to the same time source?
	Yes. It can be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.
	Yes. It can be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.
	No. It cannot be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.
	Yes.  It can be assumed that all UEs connected to the 5G system need to be synchronized to the same time source.

	What is the complexity of supporting 802.1AS operation via the transport of 802.1AS messages over the 5G system?
	Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	Special QoS is required such as Deterministic Delay, Loss Tolerance, and Delay Min/Max.
	UE-gNB Air Sync is utilized.
Modem-level Clock should be synchronized with Application-level Clock.
	UE-gNB Air Sync is utilized.
Modem-level Clock should be synchronized with Application-level Clock.

	What is the complexity of signalling precise timing to the UE via 5G air interface signalling?
	No signaling precise timing is required.
	No signaling precise timing is required.
	UE-gNB Air Sync is utilized.
Modem-level Clock should be synchronized with Application-level Clock.
(Additional RRC is needed to increase precision.)
	UE-gNB Air Sync is utilized.
Modem-level Clock should be synchronized with Application-level Clock.
Additional RRC is needed to increase precision.


As summary the pros and cons of each category is like the table Table 7.X-3.

Table 7.X-3. Pros and Cons of Solutions for KI#3.1 and KI#3.2
	Category
	Option 1 - Link Model
	Option 1 - Bridge Model
	Option 2 - Integration Model
	Option 3 – Combined Bridge & Integration Model

	Pros
	None of UPF, gNB, and UE need to support TSN.
	gNB need not support TSN.
	No new 5QI is needed.
TSN Sync / Measurement Frames are not exchanged via 5GS.
	TSN Sync / Measurement Frames are exchanged via 5GS, but no new 5QI is needed.

	Cons
	TSN Sync / Measurement Frames are exchanged via 5GS.
New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max) is needed.
	TSN Sync / Measurement Frames are exchanged via 5GS.

New 5QI (e.g. Deterministic Delay, Loss Tolerance, and/or Delay Min/Max) is needed.
	gNB needs to support TSN.

UE-gNB Air Sync is utilized.
	UE-gNB Air Sync is utilized.

	Notes
	For traffic requiring real-time constraints, new 5QI is needed in any way.
	For traffic requiring real-time constraints, new 5QI is needed in any way.
	-
	-


* * * End of Changes * * * 
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