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1	Introduction
In the previous RAN2 meetings, the following agreements were reached [1]. 
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
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

An LS [2] is going to be send from RAN1 to RAN2 as following, while it is still under discussion.
	
[bookmark: OLE_LINK44]Agreements
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 

Agreement (Note: Working assumption from RAN1#104b-e and agreements from RAN1#106b-e are merged)
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC



Agreement
Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  
· Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2)) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.
· Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 
· Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 
· Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 
· Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.

Agreement
If enhanced TA-based PDC with reduced Te based on TRS is supported in Rel-17, one CSI-RS for tracking (TRS) configuration is configured for enhanced TA-based PDC.
· FFS whether/how to configure UL signal for enhanced TA-based PDC

Agreement
If enhanced TA-based PDC with enhanced TA command indication granularity is supported in Rel-17, 
1. The enhanced TA command indication granularity introduced for enhanced PDC is applied for PDC purpose, which doesn’t have impact on normal TA procedure, i.e. normal TA procedure will still follow the existing TA command indication granularity. 




Key agreements specific for RTT-based PDC
	
[bookmark: OLE_LINK11]Agreement (Note: Agreements from RAN1#106-e and RAN1#106b-e are merged)
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC
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Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· [bookmark: OLE_LINK3]The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 

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

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS

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.

Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
1. FFS the value of k
1. FFS the reporting range of Rx-Tx time difference measurement for PDC
 



[bookmark: _Ref178064866]2	Discussion
2.1 PD compensation with RTT method
As shown in the LS above, for smart grid scenario, TA method for PDC can satisfy the requirement of time synchronization. While for control to-control communication use case, TA method (including enhanced TA) is hardly to satisfy the synchronization budget requirement, RTT based PDC method is a promising candidate solution instead. The detail of technical parts of two methods are still under evaluation by RAN1 and RAN4. Considering the remaining time for this WI is limited, RAN2 should start studying the signaling part from higher layer perspective. 
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Figure1: PD estimation using RTT measurement concept 
In general, the RTT and propagation delay between UE and gNB can be calculated as following 
· RTT=t2-t1+t4-t3=t4-t1+t2-t3=(UE Rx-Tx time difference)+(gNB Rx-Tx time difference)
· Propagation delay= ((UE Rx-Tx time difference)+(gNB Rx-Tx time difference))/2

The definition of UE Rx-Tx time difference measurement and gNB Rx-Tx time difference above are specified by RAN1 in [5]. According RAN1 LS, for UL, SRS is used for Rx – Tx time difference estimation at gNB side for RTT-based PDC. For DL, CSI-RS for tracking (TRS) or PRS are used for Rx – Tx time difference estimation at UE side.
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.  

Observation1: For Rx – Tx time difference based PDC, SRS is used for Rx – Tx time difference estimation at gNB side and CSI-RS for tracking (TRS) or PRS are used for Rx – Tx time difference estimation at UE side.
One open issue that needs RAN2 decision is how the RX-TX time difference is reported by UE. Generally, there are following three options as shown below. Regarding which option to choose, the factor e.g. signaling overhead, how quick and frequent the reporting is assumed should be considered. As UE Rx-Tx time difference measurement is supported in LTE RRC spec, we think option3 could be the baseline, other two options can be for further study.
· Option1: L1 signaling
· Option2: MAC signaling
· Option3: RRC signaling

Observtion2: For RTT based PDC, RAN2 needs to decide how the RX-TX time difference is reported by UE. 
Observation3: UE Rx-Tx time difference measurement is supported in LTE RRC spec.
Proposal1: For RTT based PDC, RAN2 to discuss and decide how the RX-TX time difference is reported by UE. 
Another issue is whether positioning sever (LMF) should be involved in RTT measurement, since LMF involvement would bring a lot of measurement delay in core network interface, thus using LMF triggered measurement should be avoided. 
Observation4: LMF is not necessary to be involved in RTT calculation for TSN PD compensation use case. 
Proposal2: LMF is not involved in RTT based PDC.
Additionally, how to trigger UE to report RX-TX time difference is an open issue. Generally, the following three options can be considered.
· Option1: Periodical UE Rx-Tx time difference measurement/reporting. 
· Option2: gNB explicitly indicate UE to conduct RTT measurement/reporting using dedicated signaling. 
· Option3: event based trigger e.g. UE start RTT measurement/reporting when UE is far away from gNB.

Considering PDC is only needed when UE is far away from the gNB, periodically UE Rx-Tx time difference measurement reporting is also not efficient from power saving perspective, therefore event type UE Rx-Tx time difference measurement and reporting could be introduced for RTT based PDC.
Proposal3: RAN2 to discuss the trigger condition for UE to start RX-TX time different measurement and reporting.
Proposal4: Introduce event triggered RX-TX time different measurement and reporting.
3. Conclusion
Based on the discussion in the previous sections, we made the following proposals: 
[bookmark: _In-sequence_SDU_delivery]Observation1: According to RAN1 LS, For RTT based PDC, SRS is used for Rx – Tx time difference estimation at gNB side and CSI-RS for tracking (TRS) or PRS are used for Rx – Tx time difference estimation at UE side.
Observtion2: For RTT based PDC, RAN2 needs to decide how the RX-TX time difference is reported by UE. 
Observation3: UE Rx-Tx time difference measurement is supported in LTE RRC spec.
Observation4: LMF is not necessary to be involved in RTT calculation for TSN PD compensation use case.
Proposal1: For RTT based PDC, RAN2 to discuss and decide how the RX-TX time difference is reported by UE with the following three options. 
· Option1: L1 signaling
· Option2: MAC signaling
· Option3: RRC signaling

Proposal2: LMF is not involved in RTT based PDC.
Proposal3: RAN2 to discuss and decide the trigger condition for UE to start RX-TX time different measurement and reporting.
· Option1: Periodical UE Rx-Tx time difference measurement/reporting. 
· Option2: gNB explicitly indicate UE to conduct RTT measurement using dedicated signaling. 
· Option3: event based trigger e.g. UE start RTT measurement/reporting when UE is far away from gNB.

Proposal4: Introduce event triggered RX-TX time different measurement and reporting.

4. References
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