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Introduction
In RAN2 #115-e meeting, following was agreed:

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

In this contribution, we discuss the remaining issues of propagation delay compensation.
Discussion
[bookmark: _Hlk61435005]Specification impact from pre-compensation
RAN2#115-e meeting agreed that “RAN2 assumes that gNB can perform pre-compensation.” We examine the potential specification impact in addition to the agreed signalling to enable / disable UE-side PDC.
In TS 38.331, IE ReferenceTimeInfo-r16 is used to provide timing synchronization information. Sub-IE time-r16 has the following field description:
	time
This field indicates time reference with 10ns granularity. The indicated time is referenced at the network, i.e., without compensating for RF propagation delay. The indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field.
…



Above highlighted text precludes the possibility of pre-compensation at gNB side. Therefore the field description of IE time-r16 needs to be updated to support network pre-compensation e.g. either deleting the highlighted text, or changing the text by referring to the yet to be defined IE to enable/disable PDC.
[bookmark: Proposal_time]Proposal 1: Field description of IE time-16 is updated to support network pre-compensation. 

	Signalling flow for RTT-based PDC method
In RAN2#115-e meeting, it was agreed that “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.”
During RAN1#106-e and 106bis-e meetings, RAN1 made progress on measurement configuration and evaluation for RTT-based based method, but there was no discussion of measurement framework. So far, RAN1 has not yet agreed on whether to support RTT-based PDC method. To avoid deadlock between RAN1 and RAN2 on the design of signalling flow for RTT based method, we try to analyze the relevant RAN1 agreements and discuss the potential signalling flow for RTT-based method.
Relevant RAN1 agreements for RTT-based method in past meetings are captured in Annex. RTT based method is based on Rx–Tx time difference measurement at both UE and gNB side. Rx–Tx time difference measurement at UE side is based on either PRS or TRS (if PRS is not configured). Rx–Tx time difference measurement at gNB side is based on SRS. TRS and SRS can be configured by gNB in RRC signalling. In Rel-16, PRS is either configured by LMF via LPP protocol (clause 8.10.4 of TS 38.305 [1]), or broadcasted by gNB in posSibType6-1 (Table 7.2-1 in TS 37.355). Given that RTT-based PDC method is similar to Multi-RTT method used in positioning [1], reusing Multi-RTT based signalling flow can be one way for RTT-based PDC method. However, using signalling flow of Multi-RTT based positioning might be an overkill for RTT-based PDC since Multi-RTT based positioning requires collaboration of LMF and multiple TRPs while only the serving TRP is involved for RTT based PDC. By confining the signalling flow in Uu interface only, the timing synchronization in I-IoT can be independent of positioning. Therefore if PRS is to be used for UE Rx-Tx time difference measurement, broadcasted PRS configuration can be used.  
[bookmark: Proposal_PRS]Proposal 2: If RTT-based PDC is supported and PRS is to be used for UE Rx-Tx time difference measurement,  broadcasted PRS configuration (as in posSibType6-1) is used.  . 
An example signalling flow for gNB pre-compensation RTT method is shown in Figure 1 below, assuming RTT based PDC only involves gNB and UE.



[bookmark: Fig_gNB_RTT]Figure 1: Example signalling flow of gNB pre-compensation RTT method
1. gNB sends relevant configuration (PRS/TRS and SRS) to UE, and asks UE to start UE Rx-Tx time difference measurement.
2. UE performs Rx-Tx time difference measurement based on PRS or TRS according to configuration.
3. UE reports measurement results of Rx-Tx time difference.
4. gNB performs Rx-Tx time difference measurement, calculates the propagation delay based on UE’s report and its own measurement.
5. gNB sends the reference time with pre-compensation of the propagation delay.
6. gNB asks the UE to stop UE Rx-Tx time difference measurement. This can be done either explicitly, or implicitly by release the relevant configuration (e.g. TRS).
In gNB pre-compensation RTT method, required additional signalling from RAN2 perspective is:
a) Define gNB to UE signalling to ask UE to start UE Rx-Tx time difference measurement (in step 1 above). This signalling can be seen as the explit RRC signalling to disable UE-side PDC.
b) Define the report of UE Rx-Tx time different measurement report in Uu interface (in step 3 above). It should be noted that LPP protocol already defines such report in IE nr-UE-RxTxTimeDiff-r16 (TS 37.355).
An example signalling flow for UE-side PDC RTT method is shown in Figure 2 below, assuming RTT based PDC only involves gNB and UE.


[bookmark: Fig_UE_RTT]Figure 2: Example signalling flow of UE-side PDC RTT method
1. gNB sends relevant configuration (PRS/TRS and SRS) to UE.
2. gNB performs Rx-Tx time difference measurement.
3. gNB sends reference time to UE. This can be either in SIB or in unicast RRC signalling, as in Rel-16.
4. gNB sends the information of measured Rx-Tx time difference to UE.
5. UE performs Rx-Tx time difference measurement based on PRS or TRS according to configuration, calculates the propagation delay based on gNB’s information and its own measurement, and then compensates the received reference time.
6. gNB asks the UE to stop UE Rx-Tx time difference measurement. This can be done either explicitly, or implicitly by release the relevant configuration (e.g. TRS).
In UE-side PDC RTT method, required additional signalling from RAN2 perspective is:
c) Define the information of gNB Rx-Tx time different measurement report in Uu interface (in step 4 above). The detailed information IE can reuse IE nr-UE-RxTxTimeDiff-r16 defined in LPP protocol (TS 37.355). This signalling can be seen as the implicit RRC signalling to enable UE-side PDC.
For the additional signalling, one discussion point is whether those signalling should be RRC signalling or MAC CE or even L1 indication. RRC signalling is preferred since:
· RAN2 already agreed to use unicast RRC signalling to enable/disable PDC.
· Using RRC signalling is more aligned with existing measurement framework.
· RRC signalling is ciphered, therefore is helpful to protect user privacy.
[bookmark: Proposal_RRC]Proposal 3: If RTT-based PDC is supported, RAN2 to introduce RRC signaling for Rx-Tx time difference measurement (de)activation and measurement report.
Conclusion
In this contribution, we discuss the remaining issues of propagation delay compensation. 
We propose the following:
Proposal 1: Field description of IE time-16 is updated to support network pre-compensation.
Proposal 2: If RTT-based PDC is supported and PRS is to be used for UE Rx-Tx time difference measurement,  broadcasted PRS configuration (as in posSibType6-1) is used.  . 
Proposal 3: If RTT-based PDC is supported, RAN2 to introduce RRC signaling for Rx-Tx time difference measurement (de)activation and measurement report.
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Annex Relevant RAN1 agreemens on RTT-based PDC method
Agreements
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· …
· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 

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
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.   
· FFS the value of k
· FFS the reporting range of Rx-Tx time difference measurement for PDC
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