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1 Introduction
[bookmark: OLE_LINK7]In RAN2#114 meeting, the following agreements are achieved for support of time synchronization [1]:
	[bookmark: _Hlk79072644]Propagation delay compensation (PDC)
Proposal 8 RAN2 to confirm which PDC option to choose is up-to RAN1 to decide. 
Proposal 9 gNB can inform UEs of whether the to-be-adopted PDC option is used or not.
Proposal 10 After PDC option is chosen, RAN2 to further discuss the details of the indication and other impacts. 
Proposal 11  For UE-side PDC, RAN2 to collect views and down-select the below options:
· gNB enable/disable UE-side PDC 
· UE request a PD estimation update
· UE autonomously conduct PDC if a network-configured threshold is met
· Other options?
Proposal 12 RAN2 to further discuss the need of gNB knowing sync requirement of a UE.


In this contribution, we will further discuss the remaining open issues related to the propagation delay compensation and give our analysis.
2 Discussion
1 [bookmark: OLE_LINK19]
2 
2.1 [bookmark: OLE_LINK18]UE-side PDC Activation/Deactivation
As shown below [2], RAN1 has indicated that the legacy compensation mechanism can satisfy the requirements of scenario 3. 
	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.  


Per pervious discussion, we can know that different scenarios have different synchronization requirements. And scenario 2 has the most stringent synchronization requirement, which is the focus of the discussion. Generally, the propagation delay compensation (PDC) can be performed by the gNB or the UE. Due to the propagation delay is UE specific, the pre-compensated by gNB in a broadcast message is insufficient. Therefore, the gNB needs to unicast the preference time, which will restrict the NW implementation. If the unicast reference time is not provided, the UE needs to compensate the propagation delay by itself. To reduce the double compensation, the gNB needs to inform the UE whether to perform UE-side PDC. 
Observation 1: To reduce the double compensation, the gNB needs to inform the UE whether to perform UE-side PDC.
As TA-based and RTT-based PDC were agreed for further study in RAN1, the issue of PDC activation/deactivation should be discussed under both TA-based and RTT-based PDC methods separately. 
In R16, reference time information can be provisioned to the UE via a dedicated RRC message (DLInformationTransfer) or system information (SIB9). TA value is used to compensate the timing misalignment between UL transmissions of different UEs. As PD is UE-specific and distance-dependent, the unicast-RRC signaling solution has more support for TA-based PDC in the post-email discussion. In addition, for TA-based delay compensation, in some special deployments (e.g. a small cell), a global indication in SIB may be beneficial to completely disable PDC for all the UEs in the cell.
Proposal 1: The gNB enables/disables UE-side PDC via unicast-RRC signaling for TA-based PDC method.
The RTT-based compensation could be realized using the existing gNB Rx-Tx time difference and UE Rx-Tx time difference measurements, and PD estimation is based on a RAN managed Rx-Tx procedure intended for time synchronization. As shown in figure 1 below, the UE measures the UE Rx-Tx time difference (t4-t1) and receives from gNB the gNB Rx-Tx time difference (t3-t2). The UL and DL propagation delay are (t2-t1) and (t4-t3) respectively so that total PD can be calculated by (t2-t1) + (t4-t3)= (t4-t3)- (t3-t2). The signals should be UE-specific, and reference timing information can be assumed to be delivered in a dedicated RRC message. 
[bookmark: _Hlk78449852][image: ]
Figure 1.  Illustration of RTT based delay compensation
It's easier to reuse gNB Rx-Tx time difference from the R15 positioning framework (TS 38.455). Positioning uses PRS to estimate Rx-Tx time difference. However, the accuracy requirements for time synchronization may not be the same as those for positioning, so some of the improvements in positioning with high power density and large bandwidth may not be necessary for all time synchronization scenarios. Additionally, if other available reference signals can provide sufficient accuracy, such as CSI-RS, then it may not be necessary for the gNB to actively perform PRS transmissions just for time synchronization.
[bookmark: _GoBack]Views in RAN1 are still very controversial for what reference signal to use to estimate Rx-Tx time difference. RAN1 may leave signaling design details to RAN2 (e.g. how the UE reports the measurement to the gNB and what the report should contain), but they also have agreed that it's important to have a better understanding of the details beforehand [2]. Therefore, we should make the decision later and wait for RAN1 to provide more details about RTT based delay compensation method, such as the signaling content.
Proposal 2: RAN2 further waits for RAN1 to get better understating of RTT-based solution.
2.2 [bookmark: OLE_LINK8]Network pre-compensation
Based on post-email discussion, it appears that most companies are against network pre-compensation because of its inflexibility in broadcast scenarios (gNB can’t perform PDC with the broadcast message transmitted in SIB9). However, according to the discussion in the previous session, unicast-RRC signaling is expected to be used to activate the UE.
Figure 2 shows a brief synchronization mechanism of TA based method [3]. With the TA-based solution, UE-side compensation is dependent on the TA command granularity from the gNB, but the TA estimation at the UE side may be inaccurate. Compared to UE-based method, as the gNB is aware of accurate TA information for all UEs, network pre-compensation is not affected by the TA indication granularity. Therefore, avoiding such error components, network pre-compensation can provide a more accurate performance for PDC. In addition, for the unicast scenario, it’s simpler for the gNB to perform PDC and may require fewer resources, because gNB doesn’t need to frequently update UE’s TA.
Observation 2：When the UE-side PD estimation procedure is inaccurate, gNB based pre-compensation can avoid error components.
[image: ]
Figure 2. Illustration of time synchronization mechanism in TA based method
[bookmark: _Hlk78984613]With the RTT-based solution, for network pre-compensation, the UE reports UE Rx-Tx time difference to gNB and gNB executes PDC, while for UE compensation, the UE receives the gNB Rx-Tx time difference from gNB and executes PDC. If the UE Rx-Tx time difference measurement is defined as part of MeasurementReport, gNB can pre-compensate the reference timing information before sharing it with UE. Now, network pre-compensation causes less signaling overhead and may be a bit easier to implement. Additionally, if gNB pre-compensation is supported, gNB can flexibly configure gNB-based and UE-based PDC based on UE capability. 
Observation 3：gNB can flexibly configure gNB-based and UE-based PDC based on UE capability.
In R16, the reference time information is generated by gNB-DU and can be reported to gNB-CU using an F1AP message, and gNB-CU can request such reporting using another F1AP message. If network pre-compensation compensation is supported, the gNB must maintain a PD estimate for each UE that requires PDC. Therefore, gNB-CU should control gNB-DU to report the PDC information, as well as gNB-DU should deliver the PDC information to gNB-CU. 
The advantage of UE-based PDC is that it only requires the UE to acquire a PD estimate, which is handy because PD is UE specific. In contrast to UE-based PDC, the gNB-CU should control the gNB-DU to periodically (or on-demand) report the PDC information, which brings complex works in RAN3. We think such a complex process is unnecessary for the purpose of PDC in R17. Additionally, if gNB pre-compensation is supported, mechanisms to inform the UE about pre-compensation are required to avoid double compensation.
Proposal 3: Network pre-compensation should not be supported for the limited time in R17, regardless of whether TA-based PDC method or RTT-based PDC method is used.
3 Conclusion
Based on the discussion in this paper, the observation and proposals are given below.
Observation 1: To reduce the double compensation, the gNB needs to inform the UE whether to perform UE-side PDC.
Proposal 1: The gNB enables/disables UE-side PDC via unicast-RRC signaling for TA-based PDC method.
Proposal 2: RAN2 further waits for RAN1 to get a better understating of RTT-based solution.
Observation 2: When the UE-side PD estimation procedure is inaccurate, gNB based pre-compensation can avoid error components.
Observation 3: gNB can flexibly configure gNB-based and UE-based PDC based on UE capability.
Proposal 3: Network pre-compensation should not be supported for the limited time in R17, regardless of whether TA-based PDC method or RTT-based PDC method is used.
4 Reference
[1] R2-2102071, Summary on Enhancements for support of time synchronization (8.5.2), Ericsson
[2] R1-2104136, Final feature lead summary on propagation delay compensation enhancements, Huawei
[3] R1-2101265, Enhancements for support of time synchronization, Huawei
image1.png
L propagation delay
o olB Rx

o eB T

DL propagation delay




image2.png
From reference time
- " delivery

From downlink
' frame timing result

From TA estimation




