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1	Introduction
SA2 Rel-17 calls for a new use case for TSN Grandmaster clocks supported within the context of TSN-5GS interworking wherein an end station connected to UE can serve as a TSN Grandmaster clock. This is a change from Rel-16 which only supports the use case where TSN Grandmaster clocks are located at end stations reachable through a UPF/NW-TT. This new Rel-17 use case involves two Uu interfaces in the 5GS path (i.e. 5GS ingress to the 5GS egress) over which a TSN Grandmaster clock is relayed. Considering that up to 540ns of uncertainty can be introduced by a single Uu interface as indicated by [1], supporting a 5GS path that includes two Uu interfaces will be problematic when the maximum uncertainty allowed over the 5GS path is limited to 900ns per Table 5.6.2-1 of [2]. As such, for the Rel-17 URLLC/IIoT WI, RAN2 should investigate possible enhancements in the following areas:  
· RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2] 
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
[bookmark: _Ref178064866]2	Discussion
2.1 RAN2 impacts of Uplink Time Synchronization
In Rel-17, SA2 is working on uplink time synchronization for TSN in which TSN GM (Grandmaster) in the TSN network attached to the device after the UE. The objectives are: a) Synchronizing TSN end stations behind 5G System (NW-TT) with the TSN GM attached to the device; b) Synchronizing TSN end stations behind other UE(s) with the TSN GM attached to the device side via 5G System.
SA2 has one and only candidate solution, named as Solution#1 in the latest TR 23.700-200 [3]. 


Figure 1 (Figure 6.1.2-1 in [3]): The distribution of UL Time Synchronization Information with the same UPF
From the above figure, similar operations defined for DL TSN Time Synchronization in Rel-16 are re-used for the UL. At the ingress point gPTP message is time stamped, and at the egress point the residence time is updated in the gPTP message. This requires that the ingress point and the egress point are synchronized by the 5G GM, i.e., the black block. From RAN2 point of view, what it matters is that the gNB and UE are synchronized by the 5G GM and so the Rel-16 5G reference time delivery from gNB to UE can be re-used. 
Proposal 1: To support TSN uplink time synchronization, re-use Rel-16 5G reference time delivery from gNB to UE.
2.2 Propagation delay compensation 
The delay experienced when sending a TSN Grandmaster clock over a 5GS path is to be measured using timestamping performed at the 5GS ingress and 5G egress points, thereby allowing the TSN Grandmaster to be updated to reflect the delay over the 5GS path. This timestamping based method is currently the only method for measuring 5GS path delay being considered within the scope of SA2 URLLC/IIoT SI [3] and involves the following steps: 
· Timestamping is performed using a 5G system clock made available to the 5GS point of ingress and 5GS point of egress. 
· Sending the 5G system clock from the gNB to any given UE introduces up to 540ns of uncertainty between this clock at the gNB relative to this clock at the UE as indicated by [1]. 
· For the new Rel-17 use case where a TSN Grandmaster clock is at an end station connected to a first UE1 and needs to be relayed to an end station connected to a second UE2, the two Uu interfaces alone can introduce a combined uncertainty that exceeds the maximum 900ns allowed for the entire 5GS. 
Observation 1: SA2 work on uplink time synchronization requires that the 5G system clock is delivered from gNB to two UEs and thus the inaccuracy component on the Uu interface is counted two times in the total budget for end-to-end synchronization accuracy.
A major contribution to the 540ns uncertainty per Uu interface occurs when the 5G system clock sent to a UE is adjusted to reflect the downlink propagation delay (i.e. where downlink PD = ½ the total Timing Advance adjustments a UE has made). The current procedure for determining Timing Advance values sent to a UE needs to be further evaluated to identify its sources of uncertainty and to determine which of these sources can be mitigated towards reducing the uncertainty per Uu interface to an acceptable level. Since RAN1 has provided the analysis of uncertainty per Uu interface in Rel-16 work (see [1]), RAN1 is the most appropriate WG for performing this evaluation and studying/specifying further enhancements.
Proposal 2: Send an LS to RAN1 requesting that they study and specify Rel-17 enhancements for mitigating 5G system clock uncertainties introduced when sending it over a Uu interface (i.e. to ensure the maximum 900ns TSN GM clock uncertainty allowed for the entire 5GS is not exceeded).
A draft LS to RAN1 can be found in the annex.

Another issue of concern for Rel-17 is UE mobility for the case where UEs are required to receive periodic refreshes of the 5G system clock which may be performed asynchronously with regard to UE mobility. This may require that interruptions due to UE mobility be further considered to determine if they can result in UEs experiencing excessive delays between its last 5G system clock refresh in the source cell and the first refresh of that clock in the target cell (i.e. to ensure the 5G system clock accuracy does not deteriorate to an unacceptable level due to cell change). 
If the typical interruption time is, for example, 10 milliseconds but a periodic refresh requirement of the 5G system clock at UE is, for example, 100 milliseconds, then this interruption time is not of a concern as the network can transmit the 5G system clock more frequently, for example, say 50 milliseconds. Thus, RAN2 should first identify if such an interruption is an issue or not.
Note that two cells are synchronized to the same 5G system clock and what it boils down to is that the target cell should know that the UE needs to be provided with reference time delivery as soon as possible. Some further enhancements can be such as delivering this information earlier during the handover procedure. In this regard, RAN3 is likely the most appropriate WG for performing this evaluation. In addition, there may be cases where a UE determines that it requires a 5G system clock refresh immediately upon completion of cell change, in which case it can trigger RRC signaling to the gNB managing the new cell to request an immediate refresh thereof (i.e. instead of waiting for the next periodic refresh to occur in the new cell). RAN2 is the most appropriate WG for identifying the signaling needed for supporting on demand 5G system clock refresh request from a UE.
Proposal 3: RAN2 to investigate the need for solutions for ensuring that the accuracy of a 5G system clock does not deteriorate to an unacceptable level due to a delay in receiving a clock refresh resulting from a cell change.
Proposal 4: Send an LS to RAN3 requesting that they investigate the potential for the accuracy of a 5G system clock to deteriorate to an unacceptable level due to a delay in receiving a clock refresh resulting from a cell change.
A draft LS to RAN3 can be found in the annex.

Due to channel variations in complex mobility scenarios and due to internal gNB/UE dynamic timing errors it is important to signal the information needed by a UE to determine a downlink propagation delay value and a 5G system clock value in close time proximity (i.e. at least for UEs supporting TSN end devices with strict end-to-end timing accuracy requirements). The closer these two events are in time the more accurate the UE based timestamping will be and therefore the more accurate the determination of the 5G residence time will be. RAN2 is the most appropriate WG for ensuring the signaling of information needed by a UE to determine a downlink propagation delay value occurs in close time proximity with sending a 5G system clock value to the same UE.

Proposal 5: RAN2 to investigate solutions for signaling the information needed by a UE to determine a downlink propagation delay value in close time proximity with sending a 5G system clock value to the same UE.
3. Conclusion
In the previous sections we made the following observations: 
Observation 1:SA2 work on uplink time synchronization requires that the 5G system clock is delivered from gNB to two UEs and thus the inaccuracy component on the Uu interface is counted two times in the total budget for end-to-end synchronization accuracy.
In the previous sections we made the following proposals: 
Proposal 1: To support TSN uplink time synchronization, re-use Rel-16 5G reference time delivery from gNB to UE.
Proposal 2: Send an LS to RAN1 requesting that they study and specify Rel-17 enhancements for mitigating 5G system clock uncertainties introduced when sending it over a Uu interface (i.e. to ensure the maximum 900ns TSN GM clock uncertainty allowed for the entire 5GS is not exceeded).
[bookmark: _GoBack]Proposal 3: RAN2 to investigate the need for solutions for ensuring that the accuracy of a 5G system clock does not deteriorate to an unacceptable level due to a delay in receiving a clock refresh resulting from a cell change.
Proposal 4: Send an LS to RAN3 requesting that they investigate the potential for the accuracy of a 5G system clock to deteriorate to an unacceptable level due to a delay in receiving a clock refresh resulting from a cell change.
Proposal 5: RAN2 to investigate solutions for signaling the information needed by a UE to determine a downlink propagation delay value in close time proximity with sending a 5G system clock value to the same UE.
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5. Annex
5.1 Draft LS to RAN1
1. Overall Description:
[bookmark: _Hlk39740819]In Rel-17, SA2 is working on uplink time synchronization for TSN in which TSN GM (Grandmaster) in the TSN network attached to the device after the UE. The delay experienced when sending a TSN Grandmaster clock over a 5GS path is to be measured using timestamping performed at the 5GS ingress and 5G egress points, thereby allowing the TSN Grandmaster to be updated to reflect the delay over the 5GS path. This timestamping based method is currently the only method for measuring 5GS path delay being considered within the scope of SA2 URLLC/IIoT SI and involves the following steps: 
· Timestamping is performed using a 5G system clock made available to the 5GS point of ingress and 5GS point of egress. 
· Sending the 5G system clock from the gNB to any given UE introduces up to 540ns of uncertainty between this clock at the gNB relative to this clock at the UE as indicated by [1]. 
For the new Rel-17 use case where a TSN Grandmaster clock is at an end station connected to a first UE1 and needs to be relayed to an end station connected to a second UE2, the two Uu interfaces alone can introduce a combined uncertainty that exceeds the maximum 900ns [2] allowed for the entire 5GS. 
Reference:
[1] 	R1-1901470, Reply LS on TSN requirements evaluation, RAN1, 3GPP TSG-RAN WG1 Ad-Hoc Meeting 1901 Taipei, Taiwan, January 21-25, 2019
[2]	3GPP TS 22.104 V17.2.0, Service requirements for cyber-physical control applications in vertical domains; Stage 1, SA1, 2019-12

2. Actions:
To RAN1 group.
ACTION: 	RAN2 respectfully asks RAN1 to take above information into account and study and specify enhancements for mitigating 5G system clock uncertainties introduced when sending it over a Uu interface to ensure the maximum 900ns TSN GM clock uncertainty allowed for the entire 5GS is not exceeded.
5.2 Draft LS to RAN3
1. Overall Description:
One concern for downlink delay compensation in Rel-17 IIoT WI is UE mobility for the case where UEs are required to receive periodic refreshes of the 5G system clock which may be performed asynchronously with regard to UE mobility. This may require that interruptions due to UE mobility be further considered to determine if they can result in UEs experiencing excessive delays between its last 5G system clock refresh in the source cell and the first refresh of that clock in the target cell (i.e. to ensure the 5G system clock accuracy does not deteriorate to an unacceptable level due to cell change). The source cell and the target cell are synchronized to the same 5G system clock.
It is beneficial that the target cell knows that the UE needs to be provided with reference time delivery as soon as possible so that the interruption time between clock refresh is minimized. 
2. Actions:
To RAN3 group.
ACTION: 	RAN2 respectfully asks RAN3 to take above information into account in their work. 
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