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1	Introduction
The agreements reached for time synchronization in RAN2#116bis-e are listed below:
	1. Both RTT-based PDC and legacy TA-based PDC are supported.
2. 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.  
3. A single pair of TRS/PRS and SRS is configured via RRC signaling for RTT-based PDC.
4. For RTT-based UE side PDC, gNB Rx-Tx time difference, e.g., gNBRx-Tx, shall be provided to UE via DLInformationTransfer signaling.
5. No need to introduce additional activation for RTT measurement in UE side.
6. For RTT-based gNB side PDC, RRC measurement framework can be reused as baseline to provide UE Rx-Tx time difference report.
7. For RTT-based gNB side PDC, besides UE Rx-Tx time difference, no additional information needs to be reported to NW.
8. 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.
9. FFS an explicit indication to only activate UE side TA-based PDC is introduced in SIB or in unicast signalling and what is indicated
10. FFS For TA-based PDC, it’s no need to specify PD calculation related contents in RAN2.
11. Network configuration should guarantee that RTT-based PDC and TA-based PDC are not activated simultaneously for a UE.
12. RAN2 confirms to introduce separate R17 UE capabilities for RTT-based PDC and legacy TA-based PDC, as defined by RAN1 feature list.
13. 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.  
14. 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]
15. It’s no need to specify solution for the issue of mismatch between propagation delay value and reference time information.



Based on the email discussion [503] during RAN2#116bis-e, RAN2 suppose to address the following proposals:
	Proposal 4.2: RAN2 discuss how to activate RTT-based UE side PDC, to activate implicitly via provision of gNB Rx-Tx time difference to UE or to activate via an explicit RRC signaling.
Proposal 5.1: For RTT-based gNB side PDC, RAN2 discuss how to trigger report of UE Rx-Tx time difference to the NW, e.g., explicit request in RRC signaling from gNB or event trigger.



Moreover, in recent RAN2 e-meetings, some agreements related to TA-based PDC have been achieved as below:
	RAN2#115 e-meeting:
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.

RAN2#116 e-meeting:
1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.



And in the final feature lead summary of [107bis-e-R17-IIoT-URLLC-05] in R1-2200799, RAN1 lists the agreements from RAN1 that RAN2 should take into account when finalizing the PDC framework.
Considering the latest status of both RAN1 and RAN2, we aim to discuss the following topics in this paper: 
· How to activate UE-side PDC (for TA and RTT methods), and
· For RTT-based gNB side PDC, how to trigger report of UE Rx-Tx time difference to the network 

These issues have been largely addressed in the email discussion [POST116e-bis][513]. However, in this paper we would like to express our views in more details.
2	Discussion
2.1	Activation and deactivation of UE-side PDC
The activation and deactivation of UE side PDC intends to avoid the case where both UE and gNB apply PDC to the RTI timestamp. RAN2 has agreed that this should be supported by means of both unicast and a broadcast indication but this is still unclear how to activate/deactivate PDC at the UE side for TA or RTT based PDC methods. 
Activation and deactivation signalling with the TA-based PDC method
For UE-side TA-based PDC, as no other configuration of PDC at the UE is needed, a binary explicit indication is needed. From our perspective, this indication should be primarily unicast delivered and only needs to be configured infrequently (hence options where the indication is delivered with RTI or SIB9 are not preferred). Thus, we propose to introduce a single bit to activate/deactivate UE-side TA-based PDC. If it is also required to  accommodate the agreement for a broadcast option, we could also add an optional bit to SIB9 for the purpose of activating TA-based PDC. 
Observation 1: UE-side TA-based PDC should have a binary explicit indication for unicast activation/deactivation, and an optional bit in RTI carried over SIB9 for a broadcast activation/deactivation of UE-side TA-based PDC. 

Activation and deactivation signalling with the RTT-based PDC method
For UE-side RTT-based PDC, considering that the procedure will require a unicast configuration framework and unicast delivery of Rx-Tx measurement reports, it is only natural to consider that the activation and deactivation of this method is also signaled in a unicast manner. During RAN2#116bis-e email discussion, different options were listed in question 4c copied below.

For RTT-based UE side PDC, companies are invited to indicate which option below for activating RTT-based UE side PDC is preferred?
· Option1: Provision of gNB Rx-Tx time difference, e.g., gNBRx-Tx (see Q4a) can implicitly activate RTT-based UE side PDC. This option implies the activation indication is unicast.
· Option2: Provision of measurement configuration (see Q3) can implicitly activate RTT-based UE side PDC. This option implies the activation indication is unicast.
· Option3: An explicit indication is introduced in unicast or broadcast signaling to activate RTT-based UE side PDC. 
· Other option

From our perspective, implicitly activating RTT-based UE side PDC based on the provision of measurement configuration is preferred (Option 2) combining it with a UE-side PDC explicit indication (a single bit). Option 1 also relies on an implicit activation but is based on gNB Rx-Tx time different measurement report received from the gNB. Our concerns with eOption 1 is that, it may lead to strange behaviours at the UE side when the UE has already received the RTT measurement configuration, but it has not received gNB’s Rx-Tx time difference measurement yet. That is, during that period until the first gNB’s report is received at the UE, the UE does not know if it should conduct UE-side PDC or not. To avoid this uncertain period, we prefer Option 2 among the implicit activation. Regarding option 3, it implies adding an additional bit to RTT-based PDC configuration to activate/deactivate UE-side PDC, which is then redundant to the UE already receiving the Rx-Tx measurement configuration. Additionally, broadcast signalling to explicitly activate UE-side RTT-based PDC in the cell looks unnecessary as the configuration of RTT-based PDC will require unicast signalling to each UE to configure measurements.

Observation 2: Explicit indication for UE-side RTT-based PDC may be redundant as the method already requires unicast signalling for Rx-Tx measurement configuration. 
Based on the observations we have made above, we can have a signaling framework combining the activation and deactivation signalling of UE-side PDC for TA and RTT methods. In particular, the UE behaviour for PDC based on the solution for PDC combining explicit binary indication for UE-Side PDC together with the configuration of RTT measurements is tabulated in Table 1. The call flows for different cases are also illustrated in Figure 1 and Figure 2:
Table 1 A signaling framework for UE-side PDC combining explicit activation/deactivation for TA-based PDC and RTT measurement configurations
	Case
	UE-side PDC binary indication
	RTT measurement configured at the UE
	PDC method

	#1
	Present with “True”
	No
	UE-side TA-based PDC

	#2
	
	Yes
	UE-side RTT-based PDC

	#3
	Present with “False”
	No
	gNB-side TA-based PDC

	#4
	
	Yes
	gNB-side RTT-based PDC

	#5
	Field absent
	
	UE may behave as in R16





[bookmark: _Ref94710736]Figure 1 Signalling procedure for TA-based PDC (cases 1 and 3)



[bookmark: _Ref94710740]Figure 2 Signalling procedure for RTT-based PDC (cases 2 and 4)
Proposal 1: UE-side PDC activation is controlled with an optional binary indication provided to the UE carried over SIB9 for a broadcast activation/deactivation or via RRC IE for a unicast activation/deactivation.
Proposal 2: Activation/deactivation of UE-side RTT-based PDC should be implicitly derived by the configuration framework for Rx-Tx measurements and the explicit UE-side PDC binary indication.

2.2	UE report trigger for gNB-side RTT-based PDC
Support for gNB-side RTT-based PDC was agreed for Rel-17 but how to trigger the report of UE Rx-Tx time difference to the gNB remains open. During RAN2#116bis-e email discussion, different options were listed in question 5a copied below.

Q5a: For RTT-based gNB side PDC, companies are invited to indicate which option below for triggering report of UE Rx-Tx time difference to the NW is preferred? If there are sub-options, companies can further indicate which sub-option is preferred?
· Option1: An explicit indication is sent from eNB to UE to trigger one-shot UE Rx-Tx time difference report. The possible ways can be:
· Option1a: the trigger in RRC signaling explicitly, e.g., in DLInformationTransfer or RRCReconfiguration.
· Option1b: the trigger in L1/MAC signaling
· Option2: Event-triggered report of UE Rx-Tx time difference. The possible event may be:
· Option2a: if the difference between the current measurement value and the previous reported measurement value is larger than a configurable threshold.
· Option2b: UE start RTT measurement/reporting when UE is far away from gNB
· Option3: An indication is sent from eNB to UE to trigger periodical report of UE Rx-Tx time difference 
· Option4: No need of explicit trigger, UE decides when to conduct PDC and sends UE Rx-Tx timing difference to gNB when it is needed.
· Other option

From our perspective, Option 3 is preferred as a clean solution that allows the UE to report regularly. If there is any concern with the signaling overhead, the gNB can simply change the periodicity of the Rx-Tx time difference measurements. 
Proposal 3: For gNB-side RTT-based PDC, the UE Rx-Tx time difference reporting should be based on an indication from gNB to UE to configure a periodical report. It is up to the gNB to adjust the periodicity of the UE measurement.
Several companies expressed their support for Option 2a during RAN2#116bis-e. To our understanding, for Option 2a to work, it is required that the UE Rx-Tx time difference measurement can reflect/indicate when the RTT has changed and a PD update is needed. It is our understanding that the UE Rx-Tx time difference measurement is a measurement of the time difference from a received DL SFN boundary till a corresponding UL SFN boundary, which is offset by the timing advance value configured by the gNB, and this means that the UE side Rx-Tx measurement will be a reflection of the UEs applied timing advance. and only an update in either; a) detected DL frame timing, or b) an update to TA send by the gNB, will trigger Option 2a. As the requirements to UE tracing of frame timing (cause a), is very loose (bounded by Te (<390ns), it will not function in practice. The Rx-Tx framework will then only be a good RTT estimate when the gNB Rx-Tx measurement is combined with the UE Rx-Tx measurement, and hence it is not sufficient to monitor only the change of the UE side Rx-Tx measurement to determine if an update is needed. Moreover, Option 2a needs to pre-define a threshold level which needs to be derived by the gNB and cannot be left for the UE to address, and how to set this threshold level may open up further issues – which is not desired when Rel-17 is approaching the end. On the other hand, what if the UE does not have appropriate radio resource for such reporting when it is triggered autonomously? Certainly the UE can go through the resource request procedures but it simply increases the overhead. Additionally, Option 2a can be considered an optimization to the RTT-based PDC method and thus, we should consider first in RAN2 the fundamental standardization support for RTT-based PDC before considering any optimization.
Observation 3: UE trigger of Rx-Tx measurement Option 2a relies on the UE ability to properly track DL frame timing changes and with only initial timing error bounding this, it is not a good UE trigger mechanism. Further, a single side Rx-Tx measurement will not be able to properly reflect a full RTT. 
Instead of Option 2a, we will propose an alternative UE trigger, which is the detection of CSI-RS configured for Rx-Tx for PDC purposes. The UE can then, after a predefined time, trigger the delivery of an Rx-Tx measurement. In this way, a Rx-Tx measurement is delivered when the gNB gives the UE the means to do an Rx-Tx measurement, and the gNB will be able to set the periodicity based on e.g. statistics of the calculated RTT.
Proposal 4: If an event-triggered report of UE Rx-Tx time difference for gNB-side RTT-based PDC is desired, it could be based on the UE detecting an CSI-RS configured for RTT-based PDC.

3	Conclusion
In this t-doc we have made the following observations and proposals:
Observation 1: UE-side TA-based PDC should have a binary explicit indication for unicast activation/deactivation, and an optional bit in RTI carried over SIB9 for a broadcast activation/deactivation of UE-side TA-based PDC. 
Observation 2: Explicit indication for UE-side RTT-based PDC may be redundant as the method already requires unicast signalling for Rx-Tx measurement configuration. 
Observation 3: UE trigger of Rx-Tx measurement Option 2a relies on the UE ability to properly track DL frame timing changes and with only initial timing error bounding this, it is not a good UE trigger mechanism. Further, a single side Rx-Tx measurement will not be able to properly reflect a full RTT. 
Proposal 1: UE-side PDC activation is controlled with an optional binary indication provided to the UE carried over SIB9 for a broadcast activation/deactivation or via RRC IE for a unicast activation/deactivation.
Proposal 2: Activation/deactivation of UE-side RTT-based PDC should be implicitly derived by the configuration framework for Rx-Tx measurements and the explicit UE-side PDC binary indication.
Proposal 3: For gNB-side RTT-based PDC, the UE Rx-Tx time difference reporting should be based on an indication from gNB to UE to configure a periodical report. It is up to the gNB to adjust the periodicity of the UE measurement.
Proposal 4: If an event-triggered report of UE Rx-Tx time difference for gNB-side RTT-based PDC is desired, it could be based on the UE detecting an CSI-RS configured for RTT-based PDC.
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