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1	Introduction
In [1], one of rel-17 IIOT/URLLC WID objective is to enhance support of uplink time synchronization and propagation delay compensation issues. This paper discuss the related issues.
------------------------------------------------------Excerpt from [1] ---------------------------------------------------------
1. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
-----------------------------------------------------End Of Excerpt-----------------------------------------------------------------------
[bookmark: _Ref178064866]2	Discussion
2.1 RAN impacts of SA2 work on uplink synchronization 
In rel-16, 5GS integrated TSN bridge synchronization model is adopted as described in solution 28A [2]. The merits of this model is considered 5GS is taken as a role of virtual TSN bridge, gPTP message which goes through U-Plane packet take responsibility for e2e synchronization based on IEEE 802.1AS protocol without impacting on RAN system. So both uplink and downlink synchronization is applicable with this model no matter the TSN master clock is located at the UE or TSN device outside of UPF. 
Observation1: TSN time synchronization model described in solution 28A [2] can be applicable for both downlink and uplink time synchronization no matter the TSN GM is located at UE or outside of UPF.


Figure 1: 5GS integrated time TSN time synchronization model for downlink synchronization 


Figure 2: 5GS integrated time TSN time synchronization model for uplink synchronization 

In [3] 5.6.1, there specified a requirement that 5GS shall be able to support clock synchronization if the sync master and the sync devices are served by different UEs. As shown in Figure 3, the TSN GM is located at one of the TSN device (e.g. Robot arm) and sync device is another TSN device (e.g. monitoring camera). As there is no sidelink communication function between UEs. The following two methods can be considered. Since the synchronization is closed inside a 5GS which is different from the scenario where terminal TSN device is outside of UPF and 5GS taken as an integrated TSN bridge, Option1 is faster to achieve synchronization between UEs. For option2, since gPTP message needs to go through UPF and turn back to other UEs in the U-plane packets, if the UPF is located far away from the gNB, the sync time is longer and accuracy is lower. Thus, Option1 is more preferable.
Option1: UE who holds the TSN master send its TSN GM clock time in RRC message to gNB, and gNB broadcast/unicast the received TSN clock time to the other UEs.
Option2: TSN device is synchronized to another TSN device where TSN GM clock time is located through gPTP message.
	
	Pros
	Cons

	Option1
	Fast synchornization can be ahieved closed inside the RAN, even 5G core/UPF is located far away from gNB. 
	TSN GM clock time needs to be sent through RRC message. There exists RAN impact.

	Option2
	Reuse the same synchronization model as TSN device (slave) is outside of UPF.
Small impact on RAN. Samll standization work load.
	since gPTP message needs to go through UPF and turn back to other UEs, if UPF is located far away from gNB, considering the round trip of progagation delay in uu and bakchaul interface, the time required for sync is longer, sync auccuray is lower. 



---------------------------------------------------Excerpt from [3] 5.6.1--------------------------------------------------------
The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are served by different UEs. (Flow of clock synchronization messages is in either direction, UL and DL.)
-----------------------------------------------------End of Excerpt ------------------------------------------------------------------

[image: ]Figure 3: TSN time synchronization support the sync master and sync devices are different UEs
Proposal1: In case sync master and sync devices are different UEs located nearby, the UE who holds the TSN master send its TSN clock time in RRC message to gNB, and gNB broadcast/unicast the received TSN clock time to the other UEs.

2.2 Propagation delay compensation 
[bookmark: _GoBack]The use case for propagation delay compensation is considered for use case #3a/ 4 as highlighted in yellow in the table blow. As a baseline, the approach of delay compensation can follow what RAN1 replied us [4] that the propagation delay between gNB and UE is assumed to be approximately half of the indicated timing advance (i.e. NTA×Tc/2, and not to include NTA_offset) for both TDD and FDD. Regarding when UE should compensate the propagation delay, the following two approaches can be considered. The Pros for Option1 is it can save additional signalling of delay compensation indication while the Cons is duplicated delay compensation by both UE and network may happen. The Pros for Option2 is the indication of delay compensation can be flexibly controlled by network and duplicated delay compensation can be avoided, while the Cons is additional signalling needs to be specified.
Option1: A TA value threshold could be set, if TA value received is larger than the threshold, UE can conduct delay compensation autonomously. 
Option2: UE conduct the propagation delay compensation based on explicit indication from gNB.  
	
	Pros
	Cons

	Option1
	UE autonmously conduct propagtion delay compensation when TA command is received. No addtional signaling of explict indication is needed.
	Duplicated delay compensation by both UE and network may happen.

	Option2
	The indication of propagation delay compensation can be flexibly controlled by network.
Duplicated delay compensation by both UE and network can be avoided.
	Additional signaling for delay compensation indication is needed. 



Proposal2: UE conducts propagation delay compensation based on half of indicated timing advance (i.e. NTA×Tc/2).
Proposal3: A TA value threshold is configured for the purpose of propagation delay compensation. If the TA value received is larger than the threshold, UE conduct the delay compensation autonomously. 
--------------------------------------------------Excerpt from [5] -----------------------------------------------------------------------
[bookmark: _Toc45387345]5.6.2	Clock synchronisation service performance requirements
Table 5.6.2-1: Clock synchronization service performance requirements for 5G System
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	1
	Up to 300 UEs
	≤900 ns 
	≤ 100 m x 100 m
	· Motion control
· Control-to-control communication for industrial controller

	2
	Up to 300 UEs
	≤900 ns 	
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	3
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	· High data rate video streaming

	3a
	Up to 100 UEs
	<1 µs
	≤10 km2
	· AVProd synchronisation  and packet timing

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs

	5
	Up to 10 UEs
	< 50 µs
	400 km
	· Telesurgery and telediagnosis

	NOTE:	The clock synchronicity requirement refers to the clock synchronicity budget for the 5G system, as described in Clause 5.6.1.


---------------------------------------------------------End of Except----------------------------------------------------------------------
3. Conclusion
Based on the discussion in the previous sections, we made the following proposals: 
[bookmark: _In-sequence_SDU_delivery]Observation1: TSN time synchronization model described in solution 28A [2] can be applicable for both downlink and uplink time synchronization no matter the TSN GM is located at UE or outside of UPF.
Proposal1: In case sync master and sync devices are different UEs located nearby, the UE who holds the TSN master send its TSN clock time in RRC message to gNB, and gNB broadcast/unicast the received TSN clock time to the other UEs. 
Proposal2: UE conducts propagation delay compensation based on half of indicated timing advance (i.e. NTA×Tc/2).
Proposal3: A TA value threshold is configured for the purpose of propagation delay compensation. If the TA value received is larger than the threshold, UE conduct the delay compensation autonomously. 
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