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1. Introduction

In previous RAN2 meeting, it was agreed that which option for PDC to choose is up to RAN1 to decide. Currently, two PDC solutions, i.e. TA-based PDC and RTT-based PDC, are being evaluated in RAN1. In RAN1#106-e meeting, one LS [1] has been sent to RAN4 to ask for evaluation result about TA-based PDC solution. And it is expected RAN4 will reply before RAN1 November meeting. Thus up to now, there seems still no clear understanding on the specific accuracy achievable by each PDC solution, which has set some barriers for RAN2 to further discuss the technical details to support the PDC solutions.
In the last RAN2 meeting, the following agreements for accurate time synchronization have been made [2]:

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
Next step of RAN2 work still depends on RAN1’s further progress. However, except for synchronization accuracy being evaluated in RAN1, other aspects for the potential PDC solutions have not been evaluated yet. In this contribution, we try to make some further analyses for different PDC solutions from the points of UE processing complexity, signalling overhead, etc., to help to understand better on different PDC solutions.
2. Discussion
For TA-based PDC solution, when a UE receives a SIB9 or a dedicated RRC message conveying referenceTimeInfo, the UE shall compensate the reference time with half of its TA value before applying the reference time. Since anyway each UE shall maintain and update its TA by legacy TA commands, there is no additional signalling overhead for such PDC solution if the legacy TA command signalling is reused. And almost no additional complexity will be incurred for the UE.
Observation 1: TA-based PDC solution by reusing the legacy TA commands will incur almost neither additional UE processing complexity nor extra signalling overhead.
However if we directly reuse the legacy TA commands, the TA granularity of the TA commands may bring a certain level of inaccuracy. For example, for SCS=15 kHz, the TA granularity is about 520.83ns, and will contribute about 260ns to the total sync error. In order to alleviate this part of inaccuracy, we can consider some enhancements for TA-based solution, e.g. introducing additional signalling to dedicatedly indicate the PDC value instead of legacy TA commands. Similar to TAC MAC CE, we think an additional MAC CE can be used for such purpose. The network can indicate the updated PDC value to the UE via this MAC CE on demand. Then if a referenceTimeInfo is received, the UE can compensate the reference time with its latest maintained PDC value. 
By this enhanced method, a higher accuracy can be achieved for time synchronization, and the PDC procedure can be decoupled with the legacy TA procedure. Since new signalling will be used for PDC indication, additional signalling overhead is introduced. Considering MAC CE is “lightweight” signalling, this signalling overhead would not be an issue. Besides, moderate UE processing complexity will be introduced, since the UE shall maintain and update an additional PDC value based on the new MAC CE, in addition to the legacy TA value. From our perspective, the incurred complexity by the additional PDC value for the UE is not significant.
Observation 2: Additional signalling to indicate the PDC value instead of applying the legacy TA commands can achieve higher sync accuracy, with moderate additional signalling overhead and UE processing complexity.
For RTT-based PDC solution, UE specific DL reference signal and UL reference signal shall be configured. In RAN1#106-e meeting, the following agreements about reference signals for RTT-based PDC solution were made [3]:

	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


In order to derive the PDC value, the RX-TX time difference for a pair of DL/UL reference signal needs to be measured at both the UE side and the network side. We think the accuracy of the derived PDC value would depend on the bandwidth occupied by the reference signals. In order to achieve a certain level of sync accuracy, a correspondent amount of PRBs shall be allocated for the reference signals. In industrial environments, most UEs need high accurate time synchronization. If the RTT-based PDC solution is applied, as the number of served UEs increases in a cell, the resource overhead may become a critical issue. With more wireless resources being occupied for reference signals, fewer resources will be left for the transmission of TSC traffic. Considering that TSC traffic is usually resource consuming due to stringent requirements of latency and reliability, the resource overhead issue may have negative impact on the number of TSC UEs supported by a cell.
Observation 3: If the RTT-based PDC solution is applied, resource overhead may become a critical issue as the number of served UEs increases.
The gNB/UE shall frequently transmit and receive reference signals to enable the measurement of RX-TX time difference, which will lead to additional power consumption for the network and especially the UE. Besides, in order to derive the PDC value, the measured RX-TX time difference shall be also exchanged between the UE and the gNB, which will incur additional signalling overhead. But as analysed above, the signalling overhead would not be an issue if “lightweight” signalling is adopted. Moderate UE processing complexity will be introduced, considering the UE shall maintain and frequently update the PDC value.
Thus, in summary, RTT-based PDC solution will result in resource overhead, power consumption, as well as few additional signalling overhead and UE processing complexity. Among these incurred costs, we think resource overhead and power consumption need to be further studied. We propose if RTT-based PDC solution is adopted, methods to avoid excessive resource overhead and power consumption shall be further investigated.
Proposal 1: If RTT-based PDC solution is adopted, methods to avoid excessive resource overhead shall be further investigated.

In RAN1#104bis-e meeting, there was the following agreement:
	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.  


Besides, RAN2 assumes that gNB can perform pre-compensation, and unicast RRC signalling can be used to enable/disable UE-side PDC. As we commented during the post email discussion of last RAN2 meeting, network pre-compensation has the benefits of reducing UE complexity and easily achieving more precise synchronization. From RAN2 perspective, we think TA-based PDC shall be supported at least for smart grid scenario, and network shall be able to enable/disable UE-side PDC via unicast RRC signalling.

Proposal 2: From RAN2 perspective, TA-based PDC shall be supported at least for smart grid scenario, and network can enable/disable UE-side PDC via unicast RRC signalling.
We think an RRC parameter, e.g. TA-BasedPDC, can be introduced to explicitly enable/disable UE-side PDC. For example, the value of “True” and “False” indicate enabling and disabling UE-side PDC, respectively. Furthermore, the absence of such parameter can indicate that the UE shall fall back to the Rel-16 behaviour, i.e. UE-implementation to apply TA-based PDC.
Proposal 3: RRC parameter, e.g. TA-BasedPDC, with value “True”/“False” to enable/disable UE-side PDC, and absence of the parameter means the UE shall apply Rel-16 behaviour, e.g. UE-implementation to apply TA-based PDC.
During RAN1 October meeting, the following agreement about RTT-based PDC has been agreed.
	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

 


It seems RAN1 will not decide whether the gNB shall report the measurement result about Rx-Tx difference to the UE, or vice versa. It will be a RAN2 issue. It is preferred that gNB can perform pre-compensation even for RTT-based PDC solution, if it is supported, in order to keep alignment between different PDC solutions. In order to implement such solution, we suggest that RAN2 support UE to report the UE Rx-Tx difference to the gNB.
Proposal 4: If RTT-based PDC is supported, RAN2 support UE to report the UE Rx-Tx difference to the gNB.
3. Conclusion

In this contribution, we made some further analyses for different PDC solutions, and provided the following observations and proposal:
Observation 1: TA-based PDC solution by reusing the legacy TA commands will incur neither additional UE processing complexity nor extra signalling overhead.
Observation 2: Additional signalling to indicate the PDC value instead of applying the legacy TA commands can achieve higher sync accuracy, with moderate additional signalling overhead and UE processing complexity.
Observation 3: If the RTT-based PDC solution is applied, resource overhead may become a critical issue as the number of served UEs increases. 
Proposal 1: If RTT-based PDC solution is adopted, methods to avoid excessive resource overhead shall be further investigated and adopted.
Proposal 2: From RAN2 perspective, TA-based PDC shall be supported at least for smart grid scenario, and network can enable/disable UE-side PDC via unicast RRC signalling.

Proposal 3: RRC parameter, e.g. TA-BasedPDC, with value “True”/“False” to enable/disable UE-side PDC, and absence of the parameter means the UE shall apply Rel-16 behaviour, e.g. UE-implementation to apply TA-based PDC.
Proposal 4: If RTT-based PDC is supported, RAN2 support UE to report the UE Rx-Tx difference to the gNB.
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