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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#115e meeting, the following assumptions and agreements have been achieved:
	· RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  
· [bookmark: OLE_LINK36]The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17
· 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.  
· UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported.
· Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported
· UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17.


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 this contribution, we will further discuss the PDC issue and give our proposals.
2. Discussion
[bookmark: OLE_LINK14][bookmark: OLE_LINK44][bookmark: OLE_LINK21][bookmark: OLE_LINK43]An LS [2] is sent from RAN1 to RAN2 indicating that RAN1 has agreed to support RTT-based PDC in Rel-17:
	1. Overall Description:
RAN1 further discussed propagation delay compensation enhancements in RAN1#107-e, and the following additional agreements are achieved on top of the ones included in LS R1-2110647 sent to RAN2 and RAN4 in RAN1#106bis-e:  
	Agreement
If RTT-based PDC is supported, a single granularity 32Tc (i.e. k=5) is supported for Rx-Tx measurement report. 
Agreement 
For Rel-17 
· Support RTT-based PDC method 
· Support PDC method based on legacy TA-based mechanism
·  No RAN1/RAN4 specification impact expected
Agreement 
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.
Agreement 
Send an LS to RAN2 and RAN4 with the content including:  
· The agreements made in RAN1#107-e for propagation delay compensation. 
· Ask RAN4 to define the following for RTT-based propagation delay compensation:  
· UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
· UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)
· gNB Rx-Tx time difference absolute accuracy based on SRS (including reuse existing spec if appropriate)
· Inform RAN4 that enhanced TA-based PDC with reduced Te and enhanced TA command granularity is precluded in RAN1.
Conclusion
For RTT-based PDC, it is assumed that the transmission of DL TRS/PRS, UL SRS and reference time information are associated with a same TRP. 
· Note: No RAN1 specification impact is expected for this conclusion
Agreement
For RTT-based propagation delay compensation, the Rx-Tx time difference is reported via RRC signaling.
Conclusion
The reporting range of Rx-Tx time difference measurement for RTT-based PDC is up to RAN4.


Based on the agreements achieved in RAN1, RTT-based PDC is supported in Rel-17. RAN1 respectfully asks RAN4 to at least define the following for RTT-based PDC in PCell: 
· UE Rx-Tx time difference measurement accuracy based on CSI-RS for tracking
· UE Rx-Tx time difference measurement accuracy based on PRS (including reuse existing spec if appropriate)
· gNB Rx-Tx time difference absolute accuracy based on SRS (including reuse existing spec if appropriate)
RAN1 also would like to inform RAN2 and RAN4 that enhanced TA-based PDC with reduced Te and enhanced TA command granularity is precluded in RAN1. 
2. Actions:
To RAN2
ACTION: 	RAN1 respectfully asks RAN2 and RAN4 to take the above information into account in their future work.


According to the above LS, the enhanced TA-based PDC with reduced Te and enhanced TA command granularity are precluded in RAN1, and the gNB(UE) delivers Rx-Tx measurement report to the UE(gNB) via RRC signaling. 
In the email discussion in previous RAN2 meeting [3], some aspects of RTT-based PDC have been discussed and the issue of (de)activation of RTT measurement was postponed. Based on our understanding, we need to firstly clarify the RTT measurement scheme before discussing the above issues. 
In our thinking, for RTT-based PDC, when UE or gNB performs the PDC, they needs to acquire the Rx-Tx measurement results in both of itself side and the peer side. Therefore, in order to timely perform RTT-based PDC, UE and gNB may need to perform RTT measurement in advance and acquire the measurement results of peer said if needed. Moreover, since whether the reference time needs to perform PDC is determined by the gNB, we assume the RTT measurement in UE side also needs to be activated by the gNB. With these considerations, RTT measurement may be divided into the following three options: 
· Option 1). After receiving the resources allocated by gNB, UE automatically activates and periodically performs RTT measurement. The UE stops the measurement after receiving the gNB deactivation indication. 
· Option 2). The UE initiates the RTT measurement after receiving the gNB activation indication, and the UE is deactivated autonomously after the end of the RTT measurement. 
· Option 3). The UE initiates the RTT measurement after receiving the gNB activation indication, and periodically performs the RTT measurement. The UE stops the measurement after receiving the gNB deactivation indication, as Fig. 1.
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Figure 1. Flowchart of Option 3
For the above three options, option 1) initiates the measurement without an activation indication. But if the reference time does not need PDC, such measurement is useless and cause unnecessary waste. For option 2), the RTT measurement activation depends on the explicit indication from network. If the reference time does not need PDC, network would not activate the measurement. But on the other hand, if the reference time needs PDC, the compensation needs to be considered in each update of the reference time. That means the activation indication needs to be sent frequently. For option 3) it can avoid the disadvantages of Option 1) and Option 2), e.g., it not only does not cause unnecessary waste, but also does not need to send activation indication frequently. Therefore, Option 3) is preferred.
Proposal 1: It’s suggested that UE can be activated RTT measurements based on gNB indication and then periodically performs RTT measurements.

In option 3), UE periodically performs RTT measurement, which can effectively avoid frequent transmission of activation indication. The following issue is how to define the periodicity. 
In the previous RAN2 email discussion, majority companies think that the signaling design related to measurement periods need to wait for RAN1’s input. In our understanding, the RTT measurement results may only be used when the gNB updates the UE reference time. Therefore, it is reasonable for gNB to activate the RTT measurement before it needs to update the reference time. And a valid PD value is maintained till the reference time is updated. Furthermore, as the update period of the reference time is determined by the gNB, in order to ensure the validity of the PD value, it is necessary for gNB to match the period of the RTT measurement with the update period of the reference time. 
The update period of the reference time can be considered for broadcast and unicast cases separately:
· When the UE performs PDC, the measurement period of the RTT matches the period of the broadcast transmission reference time. 
· On the contrary, when the gNB performs PDC, the measurement period of the RTT matches the period of the unicast transmission reference time, in which the period of the unicast transmission reference time is determined by the gNB implementation. 
Therefore, we think that it is necessary for gNB to configure an appropriate periodicity for RTT measurement. 
Proposal 2: It’s suggested that gNB configures a periodicity for RTT measurement with a value that matches the update period of the reference time. 

For the method of activating RTT measurements in UE based on gNB indications, L1 signaling, MAC signaling and RRC signaling have been discussed in the previous email discussion. Some companies thought that it was sufficient to (de)active by RRC. And reporting via RRC seemed to be more aligned with the existing measurement framework. However, if above option 2) is selected as the scheme for RTT measurement, frequently sending activation indication information by RRC signaling may result in much signaling overhead. In addition, considering that the rapid activation of RTT measurement is conducive to the rapid realization of reference time synchronization, MAC signaling is better than RRC signaling. Therefore, we suggest to use MAC signaling to activate/deactivate RTT measurement.
Proposal 3: It’s suggested to use MAC signaling to activate/deactivate RTT measurement.

Furthermore, how to trigger UE to report RX-TX time difference is another issue. As mentioned above, whether the reference time needs to perform PDC is determined by the gNB and both UE and gNB can perform PDC. It means that UE (gNB) needs to send Rx-Tx measurement report to the peer side if the peer side is performing PDC. In other words, it is necessary for gNB to indicate the UE to send the UE Rx-Tx measurement results if the gNB performs the pre-compensation. Or the gNB needs to provide the gNB Rx-Tx measurement results to the UE if the UE is enabled to perform the compensation. 
In addition, in the previous email discussion, some companies thought that periodic measurement reporting and event-triggered measurement reporting were also possible options. For event-triggered reporting, the trigger can be that the UE is far away from gNB. Per our understanding, these schemes means that as long as the RTT measurement in UE is enabled, UE may keep reporting the RTT measurement results to the network.
For periodic measurement results reporting, it is useful only if gNB performs PDC. As mentioned above, for RTT-based PDC, UE and gNB may need to perform RTT measurement in advance. In an example, UE is enabled RTT measurement and periodically report its RTT measurement results to the network. If later gNB determines to enable UE-side PDC, such periodic RTT measurement reporting would be useless and need to be avoided/disabled. The event-triggered reporting have similar issue. Therefore, we think we may need a bit more control on the RTT measurement report. Generally, we think the activation of RTT measurement in UE would not trigger RTT measurement report by default (no matter periodic report and event-triggered report). UE can only report the measurement results when requested. For UE-side, if UE is activated to perform PDC, gNB can proactively provide gNB RTT measurement results to UE, e.g., no need of request from UE.
Based on these consideration, we give the following example procedures for both RTT-based UE side PDC and gNB side PDC:
· As shown in Fig. 2a, if gNB determines to let the UE perform the PDC, the gNB can send an RTT measurement activation and also provide gNB Rx-Tx time difference to the UE. 
· As shown in Fig. 2b, when the gNB decides to perform the PDC, the gNB sends an RTT measurement activation and also a measurement reporting activation indication to the UE. These two indications can also be sent at different timing. Only after receiving the measurement reporting activation indication, the UE transmits the UE Rx-Tx time difference to the gNB. If later gNB send another indication to activate UE-side PDC, such indication can be used to implicitly disabled the RTT measurement reports from UE to network. 
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Figure 2a. UE-based PDC                      Figure 2b. gNB-based PDC
Proposal 4: It’s suggested that gNB sends a RTT measurement reporting indication to trigger UE to send the UE Rx-Tx time difference to network.

Based on the conclusion of RAN2#116 meeting, the gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling. Furthermore, we think that the gNB needs to send the above (de)activate indication only to the R17 UE which has the ability to apply PDC. Therefore, UE needs to report its capability of supporting PDC to network.
Proposal 5: R17 UE needs to report its capability of supporting PDC.

3. [bookmark: OLE_LINK1]Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we make the following observations and proposals:
Proposal 1: It’s suggested that UE can be activated RTT measurements based on gNB indication and then periodically performs RTT measurements.
Proposal 2: It’s suggested that gNB configures a periodicity for RTT measurement with a value that matches the update period of the reference time. 
Proposal 3: It’s suggested to use MAC signaling to activate/deactivate RTT measurement.
Proposal 4: It’s suggested that gNB sends a RTT measurement reporting indication to trigger UE to send the UE Rx-Tx time difference to network.
[bookmark: _GoBack]Proposal 5: R17 UE needs to report its capability of supporting PDC.
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