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Abstract of the contribution: This contribution analyses the time synchronization solutions in the TR and gives the proposal.
1. Discussion
There are 6 time synchronization solutions for TSN in the 23.734. In the last meeting, SA2 sends LS (S2-1813392) to RAN1/RAN2 for feedback.

Alt 1: (Refer Solution #11 Option 2)
Conveying timing to the UE that act as boundary master clocks towards connected TSN device via 5G specific signalling, e.g. via 5G broadcast/5G unicast frame structure. In this option, the 5G RAN utilizes its fine-frame structure (e.g. below PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. via underlying transport network by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages).

Alt 2: (Refer Solution #11 Option 3)

One time-aware relay implemented with Solution#8 5G RAN is unaware of the TSN. The timing information from TSN working domain (external clock) is delivered via the UEs to the respective End stations.  The 5G internal system clock will keep these network elements synchronized so that the time stamping of the gPTP event messages is done correctly. The 5G internal system clock can be made available to UE with signalling of time information related to absolute timing of radio frames (i.e. using SIB/RRC based methods described for LTE Rel-15). The timing information (gPTP messages, including the information on the incoming sync message time stamping) can be carried to the UE as data packets (e.g. payload). The time stamp is based on the 5G internal system clock.
Alt 3: (Refer Solution #11 Option 4)

For multiple time domains: “Multiple time domains merged into one domain using 5G clock, the UE only receives 5G timing information through gNB, and acts as master clock to the TSN end stations. In this solution each interface of the 5G system is seen by the connected TSN networks and by the End stations, as separate GMs, each of them operating in independent gPTP domains, but providing the same time to all the connected networks.
Alt 4: (Refer Solution #17)

5GS gives deterministic delays between UPF and UE and 5GS acts as a link or as a TSN Bridge. When 5GS acts as a link, PTP messages containing clock information are passing through 5GS experiencing deterministic delays. 5GS need not perform any measurement/synchronization processes. When 5GS acts as a TSN bridge, the deterministic delays between UPF and UE make the residence time in 5GS be easily calculated so that 5GS can make proper correction of the PTP header’s “correctionField” with the residence time.
Alt 5: (Refer Solution #19)

Based on the internal synchronization, the 5GS transparently pass the external PTP message through and makes proper correction of the PTP header’s “correctionField” with the known residence time
Alt 6: (Refer Solution #28)

5GS acts as transparent clock with independent internal clock achieving common concept of time between UEs and UPF as well as among different UEs. This is to allow one-way measurement and control of the E2E delay.

In the RAN1 feedback (R1-1901442):

Deterministic RAN-UE delay required by Solution #17 presents feasibility challenges. RAN1 has not identified any feasibility related issues with the other solutions. 
It means that RAN1 has the concern to the Alt 4 (solution #17) on the feasibility. For the Scalability, RAN1 does not give explicit response.
Proposal 1: For Alt 4, SA2 does not take further consideration.
The following table shows evaluation for the remained solution/alts.
	
	Alt 1
	Alt 2
	Alt 3
	Alt 5
	Alt 6

	
	(Solution #11 Option 2)
	Solution #11 Option 3
	Solution #11 Option 4
	Solution #19
	Solution #28

	Category/ RAN side
	CP solution
	UP solution
	N/A
	UP solution
	UP solution

	RAN impacts
	SIB/RRC 

(broadcast/Unicast)
	No 
	No 
	RAN detection  and modification to  particular PDCP over UP
	No 

	Support multiple time domain
	Yes
	Yes
	No
	Yes
	Yes

	UE impacts
	SIB/RRC
	gPTP message handling


	No


	Packet with 2 time stamp on two layers (gPTP and PDCP)
	gPTP message handling



	UPF impacts
	No
	Yes

	No


	Yes,


	Yes


	Scalability with multiple time domain 
	??? It is unclear how to broadcast multiple TSN GM clocks to UE.
	support
	No


	
	support

	overhead
	Frequent SIB/RRC
	More Frequent UP packet
	No
	More Frequent UP packet
	More Frequent UP packet


The alt 3 is a deployment solution. All the connected TSN domain shall use the 5G clock. It is quite a hard restrict. It may work in some scenario, but Scalability and feasibility is big issue in other scenario.
Proposal 2: For Alt 3 is a deployment option. It may work only in some scenario.
For the Scalability, i.e. there are multiple TSN time domain, It is unclear how to broadcast multiple TSN GM clocks to UE in the alt 1. How to define domain name? how to guarantee the unique domain name?
Observation 1: It is unclear how to broadcast multiple TSN GM clocks to UE.

To support multiple time domain, anyway the UE will be impacted. Application layer impacts on the UE is far small than the RAN2 layer impact on the UE. Take this into consideration, alt 2 and 6 are better than alt 1 and 5.
For the NG-RAN impact, it is the same that alt 2 and 6 are better than alt 1 and 5.
Proposal 3: To support multiple time domain in Rel-16, alt 2 or alt 6 or merged alt can be the way forward.
2. Proposal

It is proposed to adopt the following in TR 23.734.
* * * First Change* * * *
7.X
Evaluation for key issue 3.2
Deterministic RAN-UE delay required by Solution #17 presents feasibility challenges by RAN1. This solution is not taken further consideration.
The evaluation table for other solutions.
	
	Alt 1
	Alt 2
	Alt 3
	Alt 5
	Alt 6

	
	(Solution #11 Option 2)
	Solution #11 Option 3
	Solution #11 Option 4
	Solution #19
	Solution #28

	Category/ RAN side
	CP solution
	UP solution
	N/A
	UP solution
	UP solution

	RAN impacts
	SIB/RRC 

(broadcast/Unicast)
	No 
	No 
	RAN detection  and modification to  particular PDCP over UP
	No 

	Support multiple time domain
	Yes
	Yes
	No
	Yes
	Yes

	UE impacts
	SIB/RRC
	gPTP message handling


	No


	Packet with 2 time stamp on two layers (gPTP and PDCP)
	gPTP message handling



	UPF impacts
	No
	Yes

	No


	Yes,


	Yes


	Scalability with multiple time domain 
	??? It is unclear how to broadcast multiple TSN GM clocks to UE.
	support
	No


	
	support

	overhead
	Frequent SIB/RRC
	More Frequent UP packet
	No
	More Frequent UP packet
	More Frequent UP packet


* * * First Change* * * *
8.X
Conclusion for key issue 3.2
If multiple TSN time domains are supported in Rel-16, alt 2 or alt 6 or merged alt can be the way forward.

* * * End of Changes* * * *
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