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1. Background
The new WID of NR Industrial Internet of Things (IoT) and URLLC support was approved in RAN#86 and revised in RAN#88e [1]. In which, the following objective is included:
	[bookmark: OLE_LINK7]...
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]


In RAN2#116e meeting, the following agreements on reference timing delivery have been achieved:
	· The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.  
· A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC
· 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
· 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 RAN2#116bis-e meeting, the following assumptions and agreements have been achieved:
	· Both RTT-based PDC and legacy TA-based PDC are supported.
· Both RTT-based UE side PDC and RTT-based gNB side PDC are supported.  RRT-based gNB side PDC has to be a simple solution and converge by February meeting.  
· A single pair of TRS/PRS and SRS is configured via RRC signaling for RTT-based PDC.
· For RTT-based UE side PDC, gNB Rx-Tx time difference, e.g., gNB Rx-Tx, shall be provided to UE via DLInformationTransfer signaling.
· No need to introduce additional activation for RTT measurement in UE side.
· For RTT-based gNB side PDC, RRC measurement framework can be reused as baseline to provide UE Rx-Tx time difference report.
· For RTT-based gNB side PDC, besides UE Rx-Tx time difference, no additional information needs to be reported to NW.
· The signaling flow(s) of RTT-based PDC can be captured in stage-2 specification (taking the examples in [R2-2200991] or [R2-2201016] as baseline). The details can be further fine-tuned based on RAN2 agreements during stage-2 running CR review.
· FFS an explicit indication to only activate UE side TA-based PDC is introduced in SIB or in unicast signalling and what is indicated
· FFS For TA-based PDC, it’s no need to specify PD calculation related contents in RAN2.
· Network configuration should guarantee that RTT-based PDC and TA-based PDC are not activated simultaneously for a UE.
· RAN2 confirms to introduce separate R17 UE capabilities for RTT-based PDC and legacy TA-based PDC, as defined by RAN1 feature list.
· RAN2 confirm the agreement in last meeting that reference time provided in dedicated signaling takes priority.  FFS UE behavior when it receives reference time info via dedicated signaling.  
· RAN2 send a LS to RAN3 to inform the RAN2 progress about RTT-based PDC and TA-based PDC till the end of RAN2#116bis e-meeting.  Email discussion [508]
· It’s no need to specify solution for the issue of mismatch between propagation delay value and reference time information.


In “[POST116bis-e][513][IIoT] CP open issues (Ericsson)” discussion, some open issues of control plane, especially the issues related to PDC for time synchronization have been discussion. In this contribution, we will discuss a remaining issue of PDC for time synchronization that is still controversial. Some proposals are further given.
2. Discussion
· [bookmark: OLE_LINK44][bookmark: OLE_LINK43][bookmark: OLE_LINK14][bookmark: OLE_LINK21]RTT-based gNB side PDC
One of the open issues for RTT-based gNB side PDC is how to trigger UE to report UE’s RTT measurement. The following option 3a) and 3b) have been discussed. See the following example procedure in Figure 1 for reference:
· Alt1: An explicit indication is sent from gNB to UE to trigger one-shot UE Rx-Tx time difference report. 
· Alt2: Event-triggered report of UE Rx-Tx time difference. If the difference between the current measurement value and the previous reported measurement value is larger than a configurable threshold.
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Figure 1. gNB-based PDC
1. gNB sends relevant configuration (PRS/TRS and SRS) to UE that can implicitly trigger 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. 
3a (Alt1). When UE receives a UE measurement report request from gNB, UE should report the UE Rx-Tx time difference to the gNB. 
3b (Alt2). When UE satisfies the condition of event trigger, UE should report the UE Rx-Tx time difference to the gNB. 
4. UE reports measurement results of UE Rx-Tx time difference.
5. gNB calculates the propagation delay based on UE’s report and its own measurement.
6. gNB sends the reference time with pre-compensation of the propagation delay.

Per our understanding, it’s more suitable to let eNB determine whether the reference time needs to perform PDC, e.g., due to either clock drift (whether there is need to update the time info), or UE moving around, or UE’s service requirement (whether or not the service needs higher accuracy time and/or the time budget) or some other knowledge. When eNB think PDC is necessary, gNB either can activate UE-side PDC (e.g., UE calculate PDC based on RTT and apply it to time info in SIB9 or dedicated signaling) or trigger local gNB-side PDC. If gNB-side PDC is used, gNB can directly sends the reference time with pre-compensation of the propagation delay. Then UE is no need to acquire time in SIB9.
During the “[POST116bis-e][513]” discussion, more companies prefer Alt1. Per our understanding, one of the main issue of Alt2 is that the UE RTT change threshold in the event definition would inevitably introduce additional error on the PDC calculation. The reason is, when the gNB needs UE side RTT to perform PDC, UE may not have reported the latest value and gNB have to use the previous reported one. The difference between the previous reported RTT and the UE current real measurement value is this error. Even this error may be small, e.g., smaller than the threshold, it’s still an error that will affect the final time accuracy. The larger the UE RTT change threshold value, the larger the error. 
Company has indicated that the network can adjust the threshold value based on the needed accuracy level. In the extreme case, the network can configure a threshold of zero and the UE report for every measurement. For this way, it’s obviously the RTT report would be too frequent and some of the reports may not be really needed in gNB.
Therefore, we prefer an explicit request signaling from gNB to trigger UE measurement report containing UERx-T. Such explicit signaling can be RRC signaling or MAC CE.
Observation 1: Reporting UE Rx-Tx time difference based on an event trigger will cause additional error in PDC calculation.
Proposal 1: For gNB-based PDC, UE measurement report containing UERx-Tx should be triggered by an explicit request signaling from gNB. Such explicit signaling can be RRC signaling or MAC CE.
It can be understood that explicit indication to trigger one-shot UE RTT measurement report may cause much DL signaling. So some companies prefer Alt1 with periodic reporting. We think this is also fine. The gNB can provide the periodicity to UE in either measurement configuration or along with the explicit signaling for requesting UE RTT report.
Here we want to indicate that, even UE measurement can be implicitly triggered by provision of measurement configuration, that doesn’t means UE also needs to report the RTT as soon as it acquires the measurement result. We assume gNB only send the request for UE side RTT report when it determines PDC is needed. Therefore, no matter one-shot report or periodical report for UE side RTT, it should be triggered by explicit signaling from gNB.
Proposal 2: If Proposal 1 is agreed, upon reception of the explicit signaling, UE can report UERx-Tx once. If a periodicity is additionally configured by gNB, UE can report UERx-Tx periodically. 
Proposal 2a: The periodicity for UE RTT report can be provided in either measurement configuration or along with the explicit signaling for requesting UE RTT report.

3. [bookmark: OLE_LINK1]Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we make the following observations and proposals:
Observation 1: Reporting UE Rx-Tx time difference based on an event trigger will cause additional error in PDC calculation.
[bookmark: _GoBack]Proposal 1: For gNB-based PDC, UE measurement report containing UERx-Tx should be triggered by an explicit request signaling from gNB. Such explicit signaling can be RRC signaling or MAC CE.

Proposal 2: If Proposal 1 is agreed, upon reception of the explicit signaling, UE can report UERx-Tx once. If a periodicity is additionally configured by gNB, UE can report UERx-Tx periodically. 
Proposal 2a: The periodicity for UE RTT report can be provided in either measurement configuration or along with the explicit signaling for requesting UE RTT report.
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