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1	Introduction
Agreements from RAN2#106e after the discussion summarized in R2-2111282 is found below:
	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



And the incoming LS R1-2112834 on top of the incoming LS R1-2110647 both from RAN1 lists the following agreements from RAN1 that RAN2 should take into account when finalizing the PDC framework:
	From R1-2110647 (unsupported PDC methods left out) 
[bookmark: OLE_LINK11]Agreements
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).
· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)
· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· 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). 
Agreements
Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.  
Conclusion:
Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.

[bookmark: OLE_LINK44]Agreements
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 

Agreement (Note: Working assumption from RAN1#104b-e and agreements from RAN1#106b-e are merged)
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC



Agreement (Note: Agreements from RAN1#106-e and RAN1#106b-e are merged)
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC
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Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· [bookmark: OLE_LINK3]The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 

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
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS

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


From R1-2112834

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.



In light of the latest status of both RAN1 and RAN2, we aim to discuss the following topics in this paper: 
· How to design the Rx-Tx measurement reporting framework for RTT based PDC, and
· How to design the activation and deactivation mechanism for UE-side PDC 
2	Discussion
We note that RAN1 has agreed to support two PDC methods, namely one based on legacy TA and another based on Rx-Tx measurements. While it is clear that the one based on Rx-Tx measurement is the most accurate of the two, it is also requires additional reference signals being exchanged, and hence the support of both makes sense to support use cases with difference accuracy requirements while minimizing the radio interface overhead involved in PD estimation. Therefore, the activation / deactivation framework will need to accommodate for both methods.
Observation 1: RAN2 to consider two PDC methods as per RAN1 agreements.
It remains open in RAN2 whether or not specification effort is needed to support gNB PD pre-compensation or RAN2 should only focus on UE-side PDC. There are pros and cons associated to both methods, and this is also dependent on the PDC method to be applied. For gNB pre-compensation, there are two commonly known drawbacks:
a. In most cases it will force the gNB to deliver RTI in a unicast manner. It is anticipated that it is only in special conditions that it will make sense for the gNB to use SIB9 with gNB based PDC. 
b. It will cause additional air interface signalling that might even be redundant information;
· Take  TA-based pre-compensation as an example, where the gNB may use the tracked absolute TA for PDC but it will need to continue the signalling of TAC despite TA is applied for pre-compensation.
· For RTT based PDC, where the gNB will need to receive Rx-Tx measurement reports from the UE to compute the DL PD, conduct pre-compensation, and then signalling to the UE. 
The only exception from the drawback a. is the case where the gNB pre-compensate by a common PD offset (e.g., average PD) within the cell. We consider this as a rare case,  and therefore we do not think RAN2 should make too much specification effort to support this.
It has been discussed earlier in RAN1 whether there are any technical accuracy benefits of supporting gNB pre-compensation. As regarding TA based pre-compensation, there might be a small benefit in avoiding the error from the TA signalling quantization, but for RTT, there is no envisioned accuracy benefit (from combining Rx-Tx measurements or from avoided quantization inaccuracy) from gNB-pre-compensation as the combining of two Rx-Tx measurements is straight forward and signalling of an Rx-Tx measurement cannot be avoided in neither UE-side PDC or gNB pre-compensation.
Observation 2: No technical benefits can be identified with gNB PD pre-compensation despite the drawbacks of heavier air interface overhead and need for unicast delivery of RTI.
Moreover, there could be further specification impacts to RAN3 if gNB pre-compensation is to be supported. As we are approaching the end of Rel-17, this is not appropriate to bring additional impacts to other WGs. Hence, based on this discussion, we propose that RAN2 should only focus on UE-side PDC for both TA-based PDC and RTT based PDC. If the majority of companies wants to support gNB pre-compensation, then this should be focused on TA-based PDC.
Proposal 1: RAN2 should focus on UE-side PDC only for Rel-17 specification. 

2.1	Rx-Tx reporting framework
By following Proposal 1 where only UE-side PDC is considered, the UE needs to receive the gNB Rx-Tx measurement report in order to combine this with the UE Rx-Tx measurement for calculations of RTT and DL PD. This report is signalled from the gNB to the UE, so there is no need to specify a UE measurement reporting framework, instead, it is up to the gNB to deliver its Rx-Tx measurement report to the UE in a timely manner. This is illustrated in Figure 1. 
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Figure 1. Illustration of the Rx-Tx based PD estimation procedure.
Proposal 2: RAN2 only needs to support Rx-Tx measurement report from gNB to UE for RTT based PDC.
It has been discussed in RAN1 how to UE can match the received gNB Rx-Tx measurement report with a UE Rx-Tx measurement report. From our point of view, this is straightforward because only one pair of UL and DL reference signal (RS) is supported for Rx-Tx measurements, and as long as the gNB can ensure appropriate signalling timings then the pairing of RS should not be an issue. That can be done by ensuring that the order of UL RS, DL RS and an Rx-Tx measurement is always maintained. The UE can thereby merely rely on a simple rule of always combining the latest received gNB Rx-Tx measurement with the latest UE Rx-Tx measurement, and the rest can be left to gNB implementation to ensure this is feasible. 
Proposal 3: UE combines the latest received gNB Rx-Tx measurement with the latest UE Rx-Tx measurement.
Lastly, it has been agreed in RAN1 that the Rx-Tx measurement report should be delivered over RRC. We are supportive of this decision to be adapted by RAN2, as it is a more reliable way to make sure such information can be provided properly, with both RLC AM and HARQ mechanisms. Based on the relative long periodicity envisioned for Rx-Tx measurements, we do not see an issue adopting the RAN1 proposal which is both simple to specify and sufficient for proper operation. 
Proposal 4: RAN2 to adopt the RAN1 agreement to deliver Rx-Tx measurements over RRC.

2.2	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. A unicast indication could be in an explicit PDC related RRC IE, or within the RTI whereas a broadcast version to our understanding would have to be considered as an extension to SIB9.  Here we provides our view about activation/deactivation signalling for each of the RX-TX based PDC method and TA-based PDC method.
Activation and deactivation signalling with the Rx-Tx based PDC method
For UE-side RTT-based PDC, considering that the procedure will require a unicast configuration framework and as is still being discussed in RAN1 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. Further, we see a poor match between gNB PD pre-compensation and SIB9 delivery for RTT based PDC, thus no need to support broadcast activation indication in this case. 

Proposal 5: Support only a unicast activation/deactivation of UE-side PDC for Rx-Tx based PDC. A broadcasted activation/deactivation mechanism is redundant for the Rx-Tx based PDC method which anyway needs to be configured on each UE.

Assuming unicast signaling is used, we see three options for activation of RTT based PDC which is also illustrated in Figure 2:

(1) Option 1. Activation of UE-side RTT-based PDC is explicitly indicated along with the Rx-Tx measurement configuration.
(2) Option 2. Activation of UE-side RTT-based PDC is implicitly indicated along with the Rx-Tx measurement configuration.
(3) Option 3. Activation of UE-side RTT-based PDC is implicitly indicated along with the Rx-Tx measurement reporting configuration.
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Figure 2. Illustration of three considered options on activating UE-side PDC with Rx-Tx based PDC.

Option 1 implies adding an additional bit to RTT based PDC configuration at UE side, which is then redundant in Option 2 where the UE is specified to conduct Rx-Tx measurements when configured, and not if not configured. An implicit UE-side PDC activation indicator can in principle follow the configuration of RTT based PDC. Note that in Option 2 the UE identifies if it should conduct UE-side PDC or not based on whether it is expecting to receive Rx-Tx measurement reports from the gNB, while in Option 3 the UE determines if it should conduct PDC based on whether it is expected to transmit Rx-Tx measurements to the gNB (if gNB PD pre-compensation is supported for RTT based PDC). Both Option 2 and 3 seems to us to be sufficient and requires no additional air interface overhead to be standardized and is hence our preferences. If we decide to not support gNB pre-compensation with RTT-based PDC, we prefer Option 2 (and will then be similar to Option 3), but if it is decided to support gNB pre-compensation our preference is Option 3. 
Proposal 6: Activation of UE-side RTT-based PDC should be implicit and unicast delivered and derived by the configuration or reporting framework for Rx-Tx measurements. 


Activation and deactivation signalling with the TA-based PDC method
For 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 is not preferred).We propose to introduce a new PDC-activation RRC IE of a single bit to activate/deactivate UE-side TA-based PDC and to accommodate the agreement for a broadcast option, also adding an optional bit to SIB9. 
Proposal 7: Introduce a new RRC IE to activate/deactivate UE-side TA-based PDC for unicast activation/deactivation, and an optional bit in RTI carried over SIB9 for a broadcast activation/deactivation of UE-side TA-based PDC. 

3	Conclusion
In this t-doc we have discussed and analysed different design options for the Rx-Tx measurement reporting framework as well as the activation and deactivation framework for UE-side PDC. We have made the following observations and proposals:
Observation 1: RAN2 to consider two PDC methods as per RAN1 agreements.
Observation 2: No technical benefits can be identified with gNB PD pre-compensation despite the drawbacks of heavier air interface overhead and need for unicast delivery of RTI.
Proposal 1: RAN2 should focus on UE-side PDC only for Rel-17 specification. 
Proposal 2: RAN2 only needs to support Rx-Tx measurement report from gNB to UE for RTT based PDC.
Proposal 3: UE combines the latest received gNB Rx-Tx measurement with the latest UE Rx-Tx measurement
Proposal 4: RAN2 to adopt the RAN1 agreement to deliver Rx-Tx measurements over RRC.
Proposal 5: Support only a unicast activation/deactivation of UE-side PDC for Rx-Tx based PDC. A broadcasted activation/deactivation mechanism is redundant for the Rx-Tx based PDC method which anyway needs to be configured on each UE.
Proposal 6: Activation of UE-side RTT-based PDC should be implicit and unicast delivered and derived by the configuration or reporting framework for Rx-Tx measurements. 
Proposal 7: Introduce a new RRC IE to activate/deactivate UE-side TA-based PDC for unicast activation/deactivation, and an optional bit in RTI carried over SIB9 for a broadcast activation/deactivation of UE-side TA-based PDC. 
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