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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 RAN2 #116-e meeting, following was agreed:
Agreements
1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.  
2. A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC
3. When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message.  The UE will follow dedicated signaling if timing reference is received in both unicast and broadcast
4. The timing synchronization in I-IoT should focus on the signaling between the UE and gNB, i.e. different from Multi-RTT based signalling flow which involving LMF and AMF

In RAN1#107-e meeting, following was agreed:
	For Rel-17 
· Support RTT-based PDC method 
· Support PDC method based on legacy TA-based mechanism
·  No RAN1/RAN4 specification impact expected

For RTT-based PDC, existing definitions of UE Rx – Tx time difference (i.e. section 5.1.30 in TS 38.215) and gNB Rx – Tx time difference (i.e. section 5.2.3 in TS 38.215) are reused, with updates at least to reflect the single pair of TRS/PRS and SRS configured for RTT-based PDC.

For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling.



In this contribution, we discuss the remaining issues of propagation delay compensation.
Discussion
[bookmark: _Hlk61435005]UE side PDC vs. network side PDC
In email discussion “[AT116-e][502][IIOT] Time Synchronization” [2], UE side PDC vs. network side PDC was discussed. In RAN2#115-e meeting, it was agreed that “RAN2 assumes that gNB can perform pre-compensation”. For TA based PDC method, network pre-compensation has higher accuracy as there is no TA granularity issue as in UE side PDC method. It is therefore proposed to confirm that network side PDC is supported.
[bookmark: Proposal_network_PDC]Proposal 1: RAN2 to confirm that network side PDC is supported.
In RAN2#116-e meeting, it was agreed that “The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling”. For TA based PDC method, in addition to the enabling/disabling signalling, the additional specification impact to support network side PDC is a clarification on RRC IE. 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][bookmark: Proposal_IE]Proposal 2: Field description of IE time-16 is updated to support network pre-compensation.
Signalling flow for RTT-based PDC method
An example signalling flow for gNB pre-compensation RTT method is shown in Figure 1 below.



[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 the report of UE Rx-Tx time difference 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).
In RAN1#107-e meeting, it was agreed that “For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling”. In RAN1 RRC parameter list (R1-2112976), RAN1 has agreed on RRC parameters for TRS (pdc-Info) and PRS (DL-PRS-PDC-Info-r17, NR-DL-PRS-PDC-ResourceSet-r17, dl-PRS-NumSymbols-r16, dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16, and dl-PRS-ResourceList-r16). 
For gNB pre-compensation RTT method, the required signalling can be handled by existing measurement framework, i.e. using measurement configuration to start/stop related UE Rx-Tx time difference measurement, and the UE Rx-Tx time difference measurement results is reported in existing IE measResults. 

An example signalling flow for UE-side PDC RTT method is shown in Figure 2 below.


[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:
b) 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 UE side PDC RTT method, measurement configuration can be used to start/stop related UE Rx-Tx time difference measurement. The information of gNB Rx-Tx time difference measurement report can be included in message DLInformationTransfer. 
Based on above discussion for signaling flows, following is proposed.
[bookmark: Proposal_RRC]Proposal 3: RAN2 to introduce RRC IE for Rx-Tx time difference measurement report, and related measurement configuration for TRS and PRS according to RAN1 RRC parameter list.
Conclusion
In this contribution, we discuss the remaining issues of propagation delay compensation, and propose the following:
Proposal 1: RAN2 to confirm that network side PDC is supported.
Proposal 2: Field description of IE time-16 is updated to support network pre-compensation.
Proposal 3: RAN2 to introduce RRC IE for Rx-Tx time difference measurement report, and related measurement configuration for TRS and PRS according to RAN1 RRC parameter list.
References
[bookmark: Ref_Pos][1] 3GPP TS 38.305, "NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN"
[bookmark: Ref_Email_disc][2] R2-2111282, CMCC, "Report of [AT116-e][502][IIOT] Time Synchronization"


6

image1.emf
UE gNB

1. PRS/TRS and SRS configuation, 

Start UE Rx-Tx time difference 

measurement

3. Report of UE Rx-Tx time difference 

measurement

5. Reference time with pre-

compensation

2. UE Rx-Tx time difference 

measurement

4. gNB Rx-Tx time 

difference measurement, 

calculation of PD

6. Stop UE Rx-Tx time difference 

measurement


Microsoft_Visio_2003-2010_Drawing.vsd
UE


gNB


1. PRS/TRS and SRS configuation, 
Start UE Rx-Tx time difference measurement


3. Report of UE Rx-Tx time difference measurement


5. Reference time with pre-compensation



image2.emf
UE gNB

1. PRS/TRS and SRS configuation 

4. Information of gNB Rx-Tx time 

difference measurement

5. UE Rx-Tx time difference 

measurement, calculates 

PD and compensates 

received reference time

2. gNB Rx-Tx time 

difference measurement

3. Reference time

6. Stop UE Rx-Tx time difference 

measurement


Microsoft_Visio_2003-2010_Drawing1.vsd
UE


gNB


1. PRS/TRS and SRS configuation 



4. Information of gNB Rx-Tx time difference measurement


5. UE Rx-Tx time difference measurement, calculates PD and compensates received reference time


2. gNB Rx-Tx time difference measurement


3. Reference time


6. Stop UE Rx-Tx time difference measurement



