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1	Introduction
The revised Rel-17 NR IIoT / URLLC work item description in RP-210854 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]



RAN2 agreed on the following in RAN2#115e:
	Agreements 
1. RAN2 assumes that gNB can perform pre-compensation. RAN2 agrees to introduce signalling to enable/disable UE-side PDC.   
2. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17 
[bookmark: _Hlk83643526]3. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point.  RAN2 is expecting guidance from RAN1 on what is needed.   
4. UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported 
5. Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported 
6. UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17 



Moreover, in RAN1#106b-e meeting, RAN1 has sent an LS to RAN2 informing the latest available status on PDC methods in RAN1. Based on these, this paper will discuss the remaining RAN2 aspects related to propagation delay compensation. Here, we take into account the information provided by RAN1 in the LS R1-2110647 [1].
 
2	Discussion
Anticipated PDC method(s) to be supported
While RAN1 is still discussing which PDC method(s) are to be supported, we may in RAN2 attempt to prepare for how to progress given the different feasible outcomes from RAN1. Currently, the study in RAN1 (still subject to modelling assumptions) has shown that legacy TA when used for PDC is sufficiently accurate for the targeted use cases involving only one Uu interface, but it is not accurately enough to support control-to-control use cases where two Uu interfaces involved [2]. On the other hand, RTT-based PDC method (also still subject to discussions on modelling assumptions) has shown to be sufficiently accurate even for the targeted use cases with two Uu interfaces. 
The last option that is currently being closely examined and awaits a reply from RAN4, is a TA-based PDC with at least  enhanced NTA granularity and Te requirement. Despite its clear drawback on specification effort, and unclarity of whether these error components can actually be sufficiently reduced to make “enhanced” TA based PDC support the two Uu interfaces use case, it is still in the game. 
No matter whether RTT or “enhanced” TA PDC method is selected to satisfy the specific control-to-control use case, it will be a method that requires dedicated reference signal with larger bandwidths and additional reporting, hence be of larger overhead compared to legacy TA. In other words, if applied for the use cases which only has a single Uu interface involved, the two more accurate methods will only bring more overhead compared to legacy TA.
It is our understanding, based on the above discussion and on the LS received from RAN1, that a single method might be sufficiently accurate for all PDC methods, it will be at the cost of overhead when not needed, and therefore RAN2 may decide to start at least to enable methods which can support some targeted use cases without further RAN1 impact. 

Observation 1: Legacy timing advance based PDC is sufficiently accurate for use cases involving a single Uu interface. Based on the current status in RAN1, legacy TA based PDC will not have further RAN1 input.

Proposal 1: In order to support all Rel-17 time synchronization use cases for PDC, the support of two PDC methods should be considered to minimize the air interface overhead caused by PDC; 
· one designed to be sufficiently accurate for the control-to-control with two Uu interfaces which has the strictest time synchronization error budget.
· one for the remaining use cases such as smart grid and control-to-control with a single Uu interface which does not have a strict time synchronization error budget

Network propagation delay pre-compensation
RAN2 has already agreed that pre-compensation may be performed by the gNB, but it is our understanding that this is to be considered PDC method specific. To enable network pre-compensation for each PDC method, we have:
· RTT-based PDC: RAN2 is waiting RAN1 input on gNB and/or UE based PDC for RTT-based PDC, where the former would be suitable for network pre-compensation (i.e. the UE reports its Rx-Tx value to the gNB), and the latter is better suited for UE based PDC (gNB reports to the UE its Rx-Tx value)
· TA-based PDC: The gNB can already accurately track TA, and therefore may not require additional signalling to convey this value for pre-compensation. 
Despite having these options still being considered in RAN1, it is remains clear that propagation delay is primary UE specific (and often dynamic) attribute that is therefore ill suited with SIB9 delivery of referenceTimeInfo. Further it is clear that network PD pre-compensation cannot be supported in specifications without significant specification effort as analysed in RAN3 [LS in R3-211136]:
	RAN3 has begun discussing propagation delay compensation (PDC) enhancements, including gNB-based PDC (i.e. propagation delay pre-compensation by the gNB).
RAN3 considers that gNB-based PDC may have RAN3 specification impacts. However, it is RAN3 understanding that support for gNB-based PDC is up to RAN1 and RAN2 decisions. Therefore, RAN3 will not further discuss gNB-based PDC unless support for the functionality is first confirmed by RAN1/RAN2.
…
ACTION: 	RAN3 kindly requests RAN1 and RAN2 to take the above into account and inform RAN3 if a decision is reached to support gNB-based PDC.



This basically means that if network PD pre-compensation is to be supported by specification, RAN3 will have to be informed, and at this point of time where we are very close to finalization of Release-17 WI, it is too late to finalize in time. However, it is our anticipation that network pre-compensation can be supported by proprietary means. The take-away is that RAN2 should not further consider specification impact from gNB PD pre-compensation, but only specification impact from UE-side PDC.
Proposal 2: RAN2 should only focus on the specification impact from supporting UE-side propagation delay compensation, as RAN3 will not have time to complete a study on network propagation delay compensation.

Reference signal configurations (resources and periodicities) for RTT based PDC
RAN1 is still discussing which reference signals should be supported for the purpose of Rx-Tx measurements. It is anticipated that RAN1 will focus on pursuing further agreements in this regard, also including what the Rx-Tx measurement report should contain. The following has been agreed in RAN1#106-e (which can be seen in [1]):
	Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.
Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  

Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side

Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID

Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported.



In uplink, SRS is in general agreed to be supported. It is not specified whether it should be aperiodic or periodic SRS, and whether some existing SRS for positioning options are to be supported. In downlink, currently CSI-RS for tracking (TRS) and PRS will both be supported. The most important aspect of the Rx-Tx measurement is that it is clear which reference signal is used at the UE and the gNB, otherwise the Rx and Tx  timestamps are not guaranteed to be conducted on the same reference signal transmission occasion. We do not see a need to limit the supported CSI-RS and SRS configurations, but we do see a need for the gNB to manage which CSI-RS, PRS and SRS resources can be used for PDC. Then a simple description that the UE may assume that the latest transmission of CSI-RS/PRS and SRS is always used for an Rx-Tx measurement, hence leaving it to the gNB to ensure that no unclarity arises.
Observation 2: For RTT based PDC, the UE (and gNB) may assume that the latest (in time) CSI-RS/PRS and SRS is used to generate an Rx-Tx measurement. 
Proposal 3: For RTT based PDC, the gNB may configure the CSI-RS/PRS resource ID along with the SRS resource ID that the UE may use for purposes of PDC.
One of the important aspects when reusing the existing configuration framework for SRS, CSI-RS and PRS when used for PDC is the supported periodicities. For PDC it will be important that the periodicities are at least in the same order of SIB9. SIB9 delivery rate can be from 80ms up to 5s. Impacting the PDC update rate is the UE capability to maintain a stable clock (the UE hold-over capability) and the doppler shift that may be experiences when the UE is moving. If we consider a worst case scenario with a UE holdover capability of 3PPM translating to 300ns/s and with a 200kmph velocity directly away from the gNB translating to a PD change of 183ns/s giving a total UE clock drift of 483ns/s. Over the time period of 80ms that would in the worst case result in a UE clock drift of 39ns. The air interface time synchronization error budgets with a selected propagation delay compensation method could accommodate such worst case error and hence there is no need to go below the minimum periodicity of SIB9 (80ms). The same set of periodicities can be applied to both TA and RTT based PDC methods (i.e. not be limited to a specific PDC method).
Observation 3: There is no need to support PDC periodicities below 80ms for any PDC method.
Proposal 4: PDC update periodicities should not be lower than 80ms and can be set to be similar as SIB9 periodicities.
However, it can be left for gNB implementation to select the most appropriate periodicities and RS configuration. And to minimize specification impact for supporting PDC, we do not see any need to restrict from the existing CSI-RS, SRS and PRS configurations.
Observation 4: For RTT based PDC, all variants of CSI-RS, PRS and SRS configuration options from Release-16 can be used for purposes of PDC. 
Proposal 5: To support RTT based PDC, all variants of CSI-RS, PRS and SRS could be employed.

Rx-Tx measurement report signalling options for RTT based PDC
The content of the Rx-Tx measurement report is up to RAN1, but it is not anticipated that RAN1 will discuss the measurement framework around it. It is our proposal that only UE-side PDC is supported with RTT based PDC, and that the gNB signals the UE with Rx-Tx measurement report allowing the UE to calculate the RTT and hence DL PD estimation. The alternative method of the UE signalling Rx-Tx to the gNB and then the gNB signalling a dedicated PD would be additional overhead and the benefits of that would need to be further studied. The RRC framework can be utilized for the gNB to deliver Rx-Tx measurement reports to the UE.
Proposal 6: For RTT based PDC, the gNB delivers Rx-Tx measurement report to the UE via RRC signalling.

3	Conclusion
In this paper, we have discussed our views about how to support PDC schemes in Rel-17. We have made the following observations and proposals:
Observation 1: Legacy timing advance based PDC is sufficiently accurate for use cases involving a single Uu interface. Based on the current status in RAN1, legacy TA based PDC will not have further RAN1 input.

Observation 2: For RTT based PDC, the UE (and gNB) may assume that the latest (in time) CSI-RS/PRS and SRS is used to generate an Rx-Tx measurement. 
Observation 3: There is no need to support PDC periodicities below 80ms for any PDC method.
Observation 4: For RTT based PDC, all variants of CSI-RS, PRS and SRS configuration options from Release-16 can be used for purposes of PDC. 

Proposal 1: In order to support all Rel-17 time synchronization use cases for PDC, the support of two PDC methods should be considered to minimize the air interface overhead caused by PDC; 
· one designed to be sufficiently accurate for the control-to-control with two Uu interfaces which has the strictest time synchronization error budget.
· one for the remaining use cases such as smart grid and control-to-control with a single Uu interface which does not have a strict time synchronization error budget

Proposal 2: RAN2 should only focus on the specification impact from supporting UE-side propagation delay compensation, as RAN3 will not have time to complete a study on network propagation delay compensation.
Proposal 3: For RTT based PDC, the gNB may configure the CSI-RS/PRS resource ID along with the SRS resource ID that the UE may use for purposes of PDC.
Proposal 4: PDC update periodicities should not be lower than 80ms and can be set to be similar as SIB9 periodicities.
Proposal 5: To support RTT based PDC, all variants of CSI-RS, PRS and SRS could be employed.
Proposal 6: For RTT based PDC, the gNB delivers Rx-Tx measurement report to the UE via RRC signalling.
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