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1	Introduction
The revised Rel-17 NR IIoT / URLLC work item description in RP-201310 has enhancements for time synchronization as one of its main objectives:
	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 RAN2#112e, RAN2 has discussed and agreed Uu interface time synchronization budget ranges, and a reply LS has been sent to RAN1 for further work on time synchronization mechanisms [R2-2010837]. In particular, the following agreements have been made in RAN2#112e:

	RAN2 #112e Agreements

1. RAN2 should consider the following three scenarios, with a focus on Scenario 2 and 3:
•     Scenario 1: In 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.
•     Scenario 2: In 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.
•     Scenario 3: In 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. 

2. RAN2 should evaluate the synchronicity budget by dividing the 5GS E2E path into three parts: Network, Device, and Uu interface. 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)

3. RAN2 assumes the two Uu interfaces in Scenario 2 have the same time synchronization error budget.

4. The Uu interface budget for Scenario 1, 2 and 3 are respectively calculated as following:
•     Scenario 1: Uu budget = 900ns – Device – Network scenario1
•     Scenario 2: Uu budget = (900ns – 2xDevice – 2xNetwork scenario2)/2 (assumption is based on GPTP)
•     Scenario 3: Uu budget = 1000ns – Device – Networkscenario3 (baseline assumption that this is based on GNSS)

5. The Device part time synchronization accuracy budget is assumed to be in the range ±50 to ±100ns, this applies to all three scenarios

6. The error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is to be included in the network part budget, and RAN1 should be informed not to include this error in Uu interface.

7. The Network part time synchronization accuracy budget for Scenario 1, 2, and 3 are assumed to be the following:
•     Scenario 1: ±120 to ±200ns (NetworkScenario1) (assuming 3-5 hops worst case scenario)
•     Scenario 2: ±240 to ±400ns (2xNetworkScenario2) (assuming 6-10hops worst case scenario)
•     Scenario 3: ±100ns (NetworkScenario3)

8. Based on Proposal 4, 5, 6 and 7, the per Uu interface time synchronization accuracy for Scenario 1, 2 and 3 are as following:
[bookmark: _Hlk59334528]•     Scenario 1: ±595ns to ±725ns
•     Scenario 2: ±145ns to ±275ns
•     Scenario 3: ±795ns to ±845ns

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.   



While it is now up to RAN1 to decide which propagation delay compensation (PDC) options should be supported for the considered scenarios in Release-17, RAN2 can still discuss the signalling framework related to PDC (which can be agnostic to a specific PDC option) and study enhancements to mobility related issues (if any). 

This paper aims to provide our views on the following aspects:
1. Activation/deactivation signalling of PDC (which is agnostic to PDC mechanism). In particular, we think the following questions should be addressed:
· whether the signalling can be explicit or implicit
· whether both unicast and broadcast options should be supported
· whether a UE assisted propagation delay indication should be supported 
2. Identification of mobility related issues that should be handled to maintain sufficient time synchronization accuracy.

2	Discussion
2.1	Activation/Deactivation Signaling for PDC
Propagation delay compensation (PDC) may be conducted by the gNB or the UE. The propagation delay between a gNB and a UE is UE specific, it is sensible to specify that the UE should be capable of conducting PDC, and will allow the gNB to use SIB9 (broadcast) for delivery of referenceTimeInfo. From RAN2 point of view, supporting UE-based PDC would be fairly simple as it would only need a signal to be specified which can instruct to the UE whether to conduct PDC, and then define a new UE capability tied to UE-based PDC. Independent on RAN1 decision, RAN2 should continue discussions on the signaling framework (assumed independent of the PD estimation technique, and then when RAN1 as decided on a PD estimation technique, RAN2 may check if additional signals is needed specific to the chosen technique, for example the UE may acquire a PD estimate either as a direct result of the PD estimation technique, or via a dedicated signal to the UE from the gNB).
Proposal 1: RAN2 should continue discussions on how to signal the UE to conduct PDC.
Proposal 2: Define a new UE capability for UE-based PDC.
It is crucial to ensure that propagation delay will not be (over) compensated by both the network and the UE. Hence, it is needed to consider the signalling framework that allows gNB and UE to achieve a common understanding about which node should carry out PDC. The email discussion [1] visits several options on indications to instruct the UE whether PDC should be conducted. The following options were identified in  the email discussion [1]:
	· Option 1: The gNB indicates to the UE whether it has done pre-compensation ([2], [10])
· Option 2: The gNB enables/disables UE-side PDC via an indication in unicast-RRC signal ([3])
· Option 3: The gNB enables/disables UE-side PDC via an indication in SIB ([8])
· Option 4: The gNB configures the UE with a PD threshold. The UE conducts PD compensation when the PD estimation is above the PD threshold ([12])
· Option 5: The UE requests a PD estimation update ([16])
· Option 6: Others



Option 1 to 4 allow the UE to determine if PDC should be undertaken (based on explicit indication from the gNB or triggered by a specified event). When the UE is configured not to do PDC, most likely the gNB has decided that PDC does not improve the accuracy or the gNB has already carried out pre-compensation. The indications of Option 2 and 3 are basically the same, although they are carried by a unicast message, or as a broadcast message, respectively. The benefit of a unicast indication is that the gNB is able to configure UEs individually and as PD is UE specific, and not expected to change frequently, such indication is preferred. The benefits of a broadcasted PDC trigger would need to be further study if it should be considered.
We may group Option 1 to 3 as all rely on a binary indication (enable or disable) of UE-based PDC and then Option 4 where the network configures the UE with a PD threshold, and leave the evaluation of whether the current PD estimation is above or below this PD threshold. A binary indication would be the simplest option to standardize and to handle by the UE. The threshold-based mechanism is more beneficial when the network would have to frequently change indication to the UE, but this is not expected to be needed despite some accuracy benefits of timely disabling PDC when the UE is sufficiently close to the gNB. 
Proposal 3: The gNB enables/disables UE-side PDC via a unicasted explicit indication.
· FFS the benefits of a broadcasted PDC indication signal

It has been discussed if the UE should be able to request a PD estimation update (i.e. Option 5). If this is to be supported, it is essential to assume that the internal oscillator of the UE is sufficiently stable, such that it can detect a change in the DL frame timing at the UE, which could due to a change in the propagation delay. If the UE internal oscillator is not sufficiently accurate, it will not be able to distinguish whether the change in DL frame timing is due to the propagation delay or due to its oscillator is drifting. It is not unreasonable to assume that a UE will have a sufficient stable oscillator, especially when dealing with industrial devices. Assuming a decent UE oscillator clock, the UE may be able to detect a change on the DL frame timing and then indicate this to the gNB. The alternative to a UE indication, is that the gNB configures propagation delay estimation procedure with a periodicity with sufficiently low periodicity to allow a UE to detect a PD change. 
Proposal 4: The gNB may configure the UE to report changes in the DL frame timing.
Lastly, a UE may be aware of the expected clock drift rate, but not necessarily the instantaneous clock drift. The expected clock drift rate can help the network to decide the required periodicity of referenceTimeInfo-r16 (and the corresponding availability of DL reference signals). A UE signal of its desired periodicity which can be a simple extension to UEAssistanceInformation, where the UE may already signal its preference in receiving referenceTimeInfo-r16.
Proposal 5: The UE may indicate the desired referenceTimeInfo-r16 periodicity in UEAssistanceInformation.

2.2	Mobility Related Issues
[bookmark: _Hlk59337207]During Handover (HO), the UE may not be able to receive the timing information from the source or the target gNB. However, the UE has a holdover capability with which the UE can derive the clock information with an accuracy defined by the local oscillator accuracy. The longer the interruption due to the HO, the lower is the accuracy of the clock information at the UE. In this section, we study the impact of such interruption to the time synchronization service.
First, assuming a single transceiver UE, we derive the synchronization interruption time (SIT) during which the UE do not get timing information from the gNB during the HO procedure. For this we consider the baseline HO and the HO delay presented in TS 38.133-g50 Section 6.1.1.2. Here HO delay is time between the end of the last TTI containing the RRC command with HO command to the start of the transmission of the new uplink PRACH channel.
Dhandover =  TRRCproc.delay + Tinterrupt,
where TRRCproc.delay is 10 ms as defind by RAN3 in 38.331 Section 12. The Tinterrupt is further defined as follow:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin
The components of the Tinterrupt for HO from FR1 to FR1 are described in 38.133-g50 Section 6.1.1.2.2 and summarized in the following table:
	Definition
	Delay

	Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE
	0, Trs, 3Trs (known, intra, intra frequency)

	[bookmark: _Hlk59183007]TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms
	{10, 20, 30, …, 160} + 10 ms
Table 8.1-1 of TS 38.213

	Tprocessing is time for UE processing
	Up to 20ms

	T∆ is time for fine time tracking and acquiring full timing information of the target cell
	Trs  (5ms)

	Tmargin is time for SSB post-processing
	Up to 2 ms

	Trs is the SMTC periodicity of the target NR cell  (part of HO command)
	(default 5ms)



For the TIU, with proper configuration of the PRACH occasion, it can be guaranteed that the SSB to PRACH occasion association period is 10ms. Summing this with the values defined for other components results in Dhandover equal to 57 ms (assuming Tsearch = 0 and TIU = 20 ms) .
[bookmark: _GoBack]The synchronization interruption time (SIT) is defined as the HO interruption time Dhandover plus the time to perform random access (RA) and receive random access response (RAR). After the RAR, the timing advance value is available at the UE with which it can update the timing information. By taking the RA and RAR delay into account using the values defined in Table 1 in [3], we have a SIT of 68 ms. With the extensions to other scenarios, the SIT due to HO between different frequencies are summarized, based on the values defined in TS 38122-g50 Section 6.1.1, as below:
· HO from FR1 to FR1: 68 ms
· HO from FR2 to FR2: 58.375 ms
· HO from FR1 to FR2: 78.375 ms
· HO from FR2 to FR1: 88 ms

[bookmark: _Hlk59336615]A service interruption time would impact multiple aspects related to time synchronization:
(1) The UE might not be able to receive referenceTimeInfo (RRC or SIB9) during the HO interruption period.
(2) For TSN networks, (either with the TSN GM behind UE or behind CN) gPTP messaged would be delayed by a HO interruption.
(3) PD estimation updates might not be feasible during the HO interruption period. 

Regarding (1), it is commonly assumed that a UE would have an oscillator with a long-term clock drift from0.3 to 0.8 ppm / second, which means that the worst case interruption time of 88 ms corresponds to a time accuracy loss between  26.5 ns to 44 ns. This is well below the agreed UE budget between 50-100ns and hence it is not considered to be an issue to be further considered. Note the value derived is for baseline HO without considering further enhancements like dual active protocol stack handover that is defined in Rel. 16 for UE with two baseband units or possibly in Rel. 18 (if agreed) make before break solution as defined in LTE Rel. 14 for single transceiver UE. Enabling this will further decrease the interruption time and hence improve the time synchronization accuracy.
Regarding (2), the default value for the periodicity of a gPTP packet message is 125 ms ( see Section 12.6 in IEEE 802.1AS_2011), much larger than the worst case 88ms, and hence this is not a problem to be further considered.
Regarding (3), the UE might change its position during this interruption time, and assuming a worst case of the UE moving 200kmph directly towards or away from the gNB, this translates to a travelled distance of 4.89m or equivalent to a PD change of 16.3ns. Again, this is well within the agreed UE accuracy budget, so no need to further consider this.
Observation 1: The interruption due to handover does not introduce an inaccuracy which is not already budgeted for when RAN2 derived the Uu interface accuracy budget (i.e. it is captured in the UE accuracy budget)
Proposal 6: RAN2 does not further study t-sync impact caused by HO interruption time.
3	Conclusion
In this contribution, we presented our views on some of the open issues relating to activation/deactivation of UE-side propagation delay compensation.  Based on the discussion, we have the following proposals:
Proposal 1: RAN2 should continue discussions on how to signal the UE to conduct PDC.
Proposal 2: Define a new UE capability for UE-based PDC.
Proposal 3: The gNB enables/disables UE-side PDC via a unicasted explicit indication.
· FFS the benefits of a broadcasted PDC indication signal

Proposal 4: The gNB may configure the UE to report changes in the DL frame timing.
Proposal 5: The UE may indicate the desired referenceTimeInfo-r16 periodicity in UEAssistanceInformation.
Moreover, we also conducted analysis to see if mobility can have immediate impact to time-synchronization, based on the following observation:
Observation 1: The interruption due to handover does not introduce an inaccuracy which is not already budgeted for when RAN2 derived the Uu interface accuracy budget (i.e. it is captured in the UE accuracy budget)
We propose the following:
Proposal 6: RAN2 does not further study t-sync impact caused by HO interruption time.
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