
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42]3GPP TSG RAN WG2#113-e                                                                   R2-2100221
Online, 25th Jan - 5th Feb, 2021	

Source:	CATT 
Title:	Discussion on Time Synchronization in Rel-17
Agenda Item:	8.5.2
Document for:	Discussion and Decision
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1.	Introduction
In the IIOT/URLLC WID, the detailed objectives of Enhancements for support of time synchronization are as below [1]:
	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]


In this contribution, we focus on discussing the second bullet.
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]2. Discussion
0. Propagation Delay Compensation enhancements
Rel-17 IIoT WI discussions began at RAN2#111-e meeting where a basic agreement was that some PDC should be supported somehow. In the meantime, RAN1 sent us an LS in [2] sharing their progress on the various options for implementing the PDC and asking for the expected synchronicity budget for Uu interface. 
In RAN2#112-e, some good progress (mainly driven by the email discussion started in-between the 2 meetings [3]) was achieved in capturing the dimensioning scenarios and associated time error budget ranges on both Network and Uu components, resulting in an LS [4] sent to RAN1 with the below agreements:
9	LS to RAN1 providing the scenarios and values.  Indicate to RAN1 that they should aim to meet the most stringest requirements, but a number within the range is also acceptable
 10	It is up to RAN1 to decide which PDC options should be supported for Scenario 1, 2 and 3 in Release-17.


[bookmark: _Ref47355235][bookmark: _Ref60133979]We now expect that RAN1 have all they need to further progress and finalize the PDC design e.g. down-select from the options so far on the table e.g. TA-based or RTT-based PDC. From RAN2 perspective we think we should let RAN1 progress on this issue and then check the RAN2 impacts, if any. 
[bookmark: _Ref61279875]Proposal 1: RAN2 waits for RAN1 to finalize the PDC design from PHY perspective and then check the impacts on higher layers, if any.
0. Analysis of the mobility issue
The issue of mobility impact on time sync was briefly discussed, without conclusion, in RAN2#111-e, specifically whether a UE can loose PTP clock during HO, which is related to how often does network need to provide (refresh) the reference clock to a UE. In order to further analyze the mobility issues, we discuss it from the following aspects:
1) The risk of  loss of  reference timing information accuracy during handover
In Rel-16, accurate reference timing information was introduced to support TSN and  SIB9 or DL Information Transfer message can be used to delivery the accurate reference timing information. In Rel-16 IIoT sessions, the introduction of a new UAI for UE to request reference timing has been discussed [5] and it was concluded that it was not needed because it is enough to leave it to gNB to assess when to refresh a UE with reference time information. One analysis was given in [6] which can be summarized as follows:
There are essentially two cases triggering a reference time refresh:
1. The TSN clock (used as GM clock to be synchronized to) is of poor quality wrt the 5GS clock. This is discussed in TR23.734 Section 6.11.1 where it is shown that the gNB should then refresh the reference time periodically at least every 160ms to address the worst-case expected TSN clock accuracy.
2. The TSN clock (used as GM clock to be synchronized to) is of good quality wrt 5GS clock and the refresh period is to address UE’s clock drift to keep within 1 µs accuracy requirement from an “ideal” reference working clock. It was shown in [6] that considering the legacy RAN4 requirements [7]on UE clock synchronization to the DL frequency, a refresh time of 1s is sufficient to remain within the 1 µs accuracy. 
One difference though with R16 is that the 1 µs accuracy requirements over Uu have now been reduced to the following[4]:
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



However, this only impacts the refresh period but does not change the conclusion that both the refresh period and refresh times can be left under gNB control.
[bookmark: _Ref61279819]Observation 1: Similar to R16, the reference time refresh period and instants can be left under gNB control.
However, handover and reference time refresh triggers are both urgent (cannot be delayed) and fully independent triggers, hence it will necessarily happen sometimes that UE reference time update and handover occur simultaneously (or in other words, UE reference time update occurs during handover), in which case the UE somehow needs to be provided with the timing refresh before the HO.
[bookmark: _Ref60133987]Observation 2: UE reference time update may occur during handover. 
2) Data interruption
In this part, we discuss the impact of TSN data transmission during HO. It is well known that some TSN traffic types are periodic with 500 µs period and as stringent as <500 µs e2e latency requirements with same amount of survival time[8]. Considering typical HO time is  several tens of ms, clearly the TSN data transmission interruption should be treated.
[bookmark: _Ref61279828][bookmark: _Ref60133989]Observation 3: When HO happens, the TSN flow will be interrupted for several tens of milliseconds, which is not acceptable for the most stringent periodic deterministic IIOT traffic types. 
[bookmark: _GoBack]In Release 16, 3GPP has proposed a solution to overcome this problem named Dual Active Protocol Stack (DAPS[9]) where UE connection with source cell remains active for Rx and Tx of user data, until it is able to send and receive user data in the target cell. This puts a new requirement at UE side to simultaneously receive and transmit data at both source cell and target cell for a short time period during the handover procedure. Such approach could be leveraged to solve both the reference timing refresh and data interruption issue with stringent TSN traffic during HO.
[bookmark: _Ref61279867]Observation 4: In order to eliminate this gap, some enhancement for handover can be reused (e.g. DAPS).
[bookmark: _Ref47339747][bookmark: _Ref60133997][bookmark: _Ref46930476]Proposal 2: RAN2 should study solutions for eliminating the transmission/reception gap during handover e.g. reusing R16 DAPS.
3. Conclusion
In this contribution, the issue of mobility for PDC enhancement is discussed. Based on the above analysis, the following observations and proposals are made: 
Proposal 1: RAN2 waits for RAN1 to finalize the PDC design from PHY perspective and then check the impacts on higher layers, if any.
Observation 1: Similar to R16, the reference time refresh period and instants can be left under gNB control.
Observation 2: UE reference time update may occur during handover.
Observation 3: When HO happens, the TSN flow will be interrupted for several tens of milliseconds, which is not acceptable for the most stringent periodic deterministic IIOT traffic types.
Observation 4: In order to eliminate this gap, some enhancement for handover can be reused (e.g. DAPS).
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: RAN2 should study solutions for eliminating the transmission/reception gap during handover e.g. reusing R16 DAPS.
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