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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]



This paper will discuss two aspects. First, we address the question raised by SA2 in an LS (S2-2103023) to RAN2 (cc’ed RAN3). The LS asks whether RAN2 will find it beneficial to know an NG-RAN time synchronization accuracy budget per UE. 

Secondly, we think that despite it is now up to RAN1 to decide which propagation delay compensation (PDC) options should be supported for the considered scenarios in Release-17 (LS in R2-2010837), RAN2 can still discuss the signalling framework related to PDC (which can be agnostic to a specific PDC option). The second part of this paper will therefore discuss signalling aspects related to PDC. 

2	Discussion
2.1	Benefits of Time-Synchronization Budget at NG-RAN
TS 22.104 [1] defines 1us or 900ns of clock synchronicity budget for the RAN scenarios under evaluation (i.e. smart grid and control-to-control). As part of time synchronization service configuration under discussion in SA2 for Release 17, the time synchronization accuracy requirement is being examined to determine its use within the 5GS. The time synchronization accuracy requirement can impact, for example, the Reference Time Information (RTI) distribution configuration to the UE (e.g. SIB9/RRC signaling, periodicity) and the Propagation Delay Compensation (PDC) decision [2] for the two time synchronization processes of the 5GS:
· For 5G internal clock distribution: RTI distribution configuration to the UE (e.g. SIB9/RRC signaling, periodicity), PDC decision.
· For vertical’s clock via (g)PTP messages: RTI distribution configuration to the UE (e.g. SIB9/RRC signaling, periodicity), PDC decision, NW-TT and DS-TT time stamping based on 5G clock in the (g)PTP messages, DS-TT determination of offset using RTI and (g)PTP messages to align with the end station, PTP network size supported (each PTP hop adds a certain error budget to the network component of the synchronicity budget).
Observation 1: Fulfilling time synchronization accuracy requirement impacts distribution of vertical’s clock (using (g)PTP messages) and 5G internal clock (using SIB9/RRC) processes.
Based on the scenarios and evaluations for synchronization error budget gathered by RAN2 in [3], the Uu interface time synchronization accuracy for Scenario 1, 2 and 3 are as following:
· Scenario 1: ±595ns to ±725ns
· Scenario 2: ±145ns to ±275ns
· Scenario 3: ±795ns to ±845ns
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The considered scenarios may involve one (e.g. scenario 1 and 3) or two (e.g. scenario 2) Uu interface(s). However, the serving gNB(s) cannot determine which scenario applies. The gNB is responsible for providing 5G clock time information to the UE via SIB9 and/or RRC but it is unaware of the time synchronization network topology that may be configured on top of the 5G clock synchronization process. Without the knowledge of the scenario, the Uu interface synchronicity budget per UE cannot be derived to assist time information distribution configuration or time synchronization enhancements such as PDC decision. 
Observation 2: gNB cannot derive Uu synchronicity budget per UE without CN assistance.
However, when time synchronization service is configured, the CN can determine the time synchronization accuracy requirement per UE (more details regarding the options described in S2-2102358 [2]) and provide this information to the gNB. Therefore, the CN assistance enables the gNB to be agnostic to the time synchronization distribution topology (e.g. if the time synchronization distribution is UE-UE or UE-DN) but facilitates the appropriate time synchronization configuration for Uu interfaces. 
Even if the gNB knows the Uu synchronicity budget per UE, there is no method to determine the exact time synchronization accuracy that can be achieved at the Uu interface considering the UE. However, the gNB can use a worst-case assumption. For example, R1-2102821 [4] evaluates the time synchronization accuracies of PD estimation options under consideration in RAN1. Table 1 from R1-2102821 summarizes the achieved Uu interface time synchronization accuracy with the considered PD estimation techniques in RAN1. Accuracies which are within the accuracy budget provided by RAN2 is marked in Green and accuracies which are outside the budget is marked with Red.
[bookmark: _Ref59433877]Table 1. Uu interface time synchronization accuracy summary from R1-2102821.
	
	Control-to-control
	Smart grid

	
	15kHz
	30kHz
	15kHz
	30kHz

	Legacy timing advance (Release-15)
	458ns
	328ns
	525ns
	395ns

	Legacy timing advance (Release-16) incl. Timing Delta MAC CE
	336ns
	271ns
	403ns
	338ns

	PD compensation (Option 1a)
	328ns<X≤336ns
	263ns<X≤271ns
	395ns<X≤403ns
	330ns<X≤338ns

	PD compensation (Option 1b)
	133ns<X<336ns
	133ns<X<271ns
	200ns<X<403ns
	200ns<X<338ns

	PD compensation (Option 1c)
	328ns<X≤336ns
	263ns<X≤271ns
	395ns<X≤403ns
	330ns<X≤338ns

	PD compensation (Option 2)
	137ns
	137ns
	204ns
	204ns


As an additional example, in the  control-to-control scenario, two UEs are involved and assuming that neither is using PD compensation, the accuracy per Uu interface is given by the maximum difference of propagation delay from each UE to their respective gNB (due to the propagation delay will only shift the SFN reception time forward in time for each UE). Figure 1 from R1-2102821 shows the Uu interface accuracy budget (provided by RAN2), the accuracy of Option 2 considered in RAN1 (Rx-Tx measurement) used for PD compensation as well as the accuracy of no PD compensation applied at the UEs. For cases where synchronization among these two UEs is they only target, it is observed that PD compensation is only needed when the maximum PD between the two involved UEs is more than 240ns, corresponding to a radio path propagation delay difference of 72m (relative to the serving gNB). This type of supplementary information is what the gNB may partially obtain from the CN (as discussed in [5]) and derive based on the estimated PD to determine the worst-case achievable accuracy for Uu interface and decide whether to apply PDC or not.


Figure 1 Uu interface accuracy for control-to-control (two Uu interfaces).

Observation 3: CN provided Uu synchronicity budget and worst-case assumption for the achievable time synchronization can be used as inputs at the gNB to determine PDC configuration. 
Proposal 1: RAN2 confirms it is beneficial for the RAN if CN provides Uu synchronicity budget and worst-case assumption CN for the achievable time synchronization. Indicate this in the reply LS to SA2.
To respond SA2, we have prepared a draft reply LS in [6].
2.2	Activation/Deactivation Signaling for PDC
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 2: RAN2 should continue discussions on how to signal the UE to conduct PDC.
Proposal 3: 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 [7] visits several options on indications to instruct the UE whether PDC should be conducted. The following options were identified in  the email discussion [7]:
	· 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 4: 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 5: 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 6: The UE may indicate the desired referenceTimeInfo-r16 periodicity in UEAssistanceInformation.

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 confirms it is beneficial for the RAN if CN provides Uu synchronicity budget and worst-case assumption CN for the achievable time synchronization. Indicate this in the reply LS to SA2.
Proposal 2: RAN2 should continue discussions on how to signal the UE to conduct PDC.
Proposal 3: Define a new UE capability for UE-based PDC.
Proposal 4: The gNB enables/disables UE-side PDC via a unicasted explicit indication.
· FFS the benefits of a broadcasted PDC indication signal

Proposal 5: The gNB may configure the UE to report changes in the DL frame timing.
Proposal 6: The UE may indicate the desired referenceTimeInfo-r16 periodicity in UEAssistanceInformation.
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