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1	Introduction
[bookmark: _Ref178064866]The new WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR, approved in RAN#86 and revised in RAN#88e[1], indicated that the objective following is to be discussed in Release 17:
	...
4.	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]


During the RAN2#112 e-meeting, the baseline scenarios was examined, based on the email discussion [Post111-e][924][R17 URLLC/IIoT] Propagation delay for TSN (Nokia)[2], and the conclusion comes that RAN2 discussion should focus on Scenario 2 and 3, and evaluating the synchronization budget by dividing the 5GS E2E path into three parts: Network, Device and Uu interface.
In this paper, we review the conclusion of the last meeting and then would like to discuss the propagation delay estimation and propagation taking the RRC_IDLE state and mobility into account.
2	Discussion
2.1 Synchronicity budget for Uu interface
In RAN2#112 e-meeting, we discussed the scenarios of the representative use cases identified by RAN1:
	Use case
	scenario
	Description
	

	Control-to-control communication
	Scenario 1
	The control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the CN. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs. 
	One Uu interface

	
	Scenario 2
	The control-to-control communication use case, where TSC devices behind a target UE are synchronized to any TD, from a GM behind the UE. The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs.
	Two Uu interfaces

	Smart Grid
	Scenario 3
	The smart grid use case, where the TSC devices behind a target UE are synchronized to the 5G GM TD. The 5GS introduced error is caused by the synchronization of the 5G clock to the DS-TT.
	One Uu interface


In the control-to-control use case, two placements of 5G GM is involved as is illustrated in Figure 1. The TSC GM is connected to a device behind the 5GS CN and the E2E accuracy budget would apply from the time-stamping entity at the NW-TT to the time-stamping entity at the DS-TT in scenario 1. In the other scenario, the TSC GM is connected to a device behind the UE, where the 5GS E2E budget applies from DS-TT timestamping entity at the source UE to the DS-TT timestamping entity at the target UE. 
[image: ]
Figure 1. Control-to-control use case with two possible scenarios (Scenario 1 and 2)
As is illustrated in Figure 2, the smart grid use case is different that the TSC GM is the 5G GM (or similar TD) and the 5GS E2E accuracy is from the 5G GM to the DS-TT at a UE.
[image: ]
Figure 2. Smart grid use case and a corresponding scenario (Scenario 3)
The conclusion of RAN2#112 e-meeting comes that RAN2 should evaluate the synchronicity budget by dividing the 5GS E2E path into three parts: Network, Device, and Uu interface, with a focus on Scenario 2 and 3, where the Uu interface is understood as the maximum 5GS time synchronization error between the UE and the gNB-DU (i.e. DU-CU interface error is not included). The agreements are listed as follows [3]:
	Scenario
	Time synchronization accuracy budget

	
	Device
	Network
	Uu interface

	Scenario 1
	±50 to ±100ns
	±120 to ±200ns
(NetworkScenario1) (assuming 3-5 hops worst case scenario)
	Uu budget = 900ns – Device – Network scenario1 = ±595ns to ±725ns

	Scenario 2
	±50 to ±100ns
	±240 to ±400ns (2xNetworkScenario2) (assuming 6-10hops worst case scenario)
	Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 (assumption is based on GPTP) = ±145ns to ±275ns

	Scenario 3
	±50 to ±100ns
	±100ns (NetworkScenario3)
	Uu budget = 1000ns – Device – Networkscenario3 (baseline assumption that this is based on GNSS) = ±795ns to ±845ns


As companies did not come into consensus on the value of the hops while analyzing the network time synchronization accuracy budget, further analysis is needed to figure out the most stringent requirements and the typical deployment scenarios. 
Observation 1	The value of the hops should be further studied, the typical case and the worst case are both defined.
2.2 Enhancements on propagation delay compensation
Based on the analysis on the time synchronization accuracy budget, it is proposed that RAN2 should further study how to activate/deactivate UE side propagation delay compensation
· FFS whether the signalling can be explicit or implicit
· FFS whether both unicast and broadcast options should be supported
· FFS whether a UE assisted propagation delay indication should be supported
As is discussed in Release 16, both broadcast and unicast can be used to distribute timing information [4], which the discussion is still reasonable in Release 17. With the assumption that the UE’s crystal oscillator is stable enough and the clock drift is negligible, UEs accurately synchronized to the gNB goes out-of-step and request accurate reference timing will rarely occurs. This makes the broadcast only solution tends to bringing radio resource waste. Moreover it may be possible to better perform propagation delay estimation and pre-compensation by the network, e.g., UEs in motion, then UE-specific signalling is needed to indicate the UE to tune the time reference. 
Observation 2 	Both unicast and broadcast options should be supported in the PDC enhancements.
Based on the discussion so far, existing mechanisms are selected as the alternative solutions for PDE and PDC, e.g., TA-based and Positioning-based options, thus legacy signalling is available to be used, which means that implicit signalling can be used in the procedure. However TSN service requires that the ultra-low latency and reliability should be guaranteed, makes that the traffic continuity should not be broken in any cases, especially in emergency situations. It may be possible that there are cases that the accuracy of the time synchronization don’t meet the requirement and PDC is required to be performed explicit.
Observation 3	The signalling can be implicit, and the explicit signalling can be adopted as supplement.
During Release 16 discussion, it is concluded that the PDC is to be applied by the TSN UEs for lager service areas. However, some companies proposed that gNB may be more suitable to perform PDC, especially when TA-based mechanism is adopted, for the gNB may have more accurate TA. Thus it is the UE that suitable to perform PDC, it can be supplement for the gNB to perform PDE and pre-compensation. If gNB performs pre-compensation, indication can be sent to the UE by the gNB to disallow UE performing PDC. However there are cases for the gNB unable to perform PDC, e.g., UEs in RRC_IDLE state which UE may have no valid TA.
Observation 4	Both UE and gNB can support PDE and PDC, and a UE assisted propagation delay indication should be supported.
For UEs in RRC_IDLE state or RRC_INACTIVE state, it is not suitable for the gNB to perform PDE or PDC. What’s more, TA-based and RTT-based PDE mechanisms also do not works for cases like such scenarios. It is import to take the expendability into account while designing PDE and PDC mechanisms so that it can be applied to RRC_IDLE state and RRC_INAVTIVE state with little or no modification.
Proposal 1	RRC_IDLE state and RRC_INACTIVE state should be taken into account while designing the PDE and PDC mechanisms.
2.3 Mobility issues for propagation delay compensation
As is analyzed in Release 16, the achievable accuracy without PDC becomes worse as the inter-site distance increases, PDC needs to be applied for larger service areas with sparser cell deployment, e.g., for inter-site distance more than 200m. With the fact that the duration of handover may be hundreds of milliseconds, the UE may lose its accuracy during such a duration without PDC or accuracy time synchronization updating. The issue is discussed in RAN2#111 e-meeting and some potential enhancements are proposed. This issue should be considered in the discussion of the PDE and PDC mechanism designing.
Proposal 2	Mobility should be taken into account while designing the PDE and PDC mechanisms.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The value of the hops should be further studied, the typical case and the worst case are both defined.
Observation 2 	Both unicast and broadcast options should be supported in the PDC enhancements.
Observation 3	The signalling can be implicit, and the explicit signalling can be adopted as supplement.

Observation 4	Both UE and gNB can support PDE and PDC, and a UE assisted propagation delay indication should be supported.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RRC_IDLE state and RRC_INACTIVE state should be taken into account while designing the PDE and PDC mechanisms.
Proposal 2	Mobility should be taken into account while designing the PDE and PDC mechanisms.
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