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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In previous meetings, some agreements about the error components are made. There are two options for compensating the propagation delay, and in this contribution, we share our views. 

	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).


2. Discussion
2.1. Error bounds
In the previous meeting, the group discussed the error component that contribute the synchronicity error for each option. The Rel-16 TA based PD estimation is to halve the current TA value. Since the TA is usually estimated from the received UL signal/channel, the estimation error builds up as both DL and UL intervene. Also, it is inherent that the quantized TA value has own error and furthermore the UE can adjust its TA autonomously. As a result, the error model for at least option 1a/1b can be given by the following equation.

where including  as non-zero is still a controversial issue. In our understanding of reading the current specification,  conceptually appears in the equation but its value is already captured in . Thus, we slightly prefer zero to none-zero about the proposal 3.4-1 in the feature lead summary R1-2009551. The option 1a/1b can reuse the formula above but with possibly different values.
For RTT based method (option 2), the error model needs more discussions. The basic concept is to combine the estimate and the reported value. A possible error model can be given by the following equation. Since only one link contribute the error and generally is considered as having lower error than the TA based method.

When we compare methods, we still need to clarify the detailed scheme because each error term may not have the same value. For instance, suppose that option 1b uses SS/PBCH block and option 2 uses DL PRS. The  will be different per option.
We would suggest that each option, including option 1c, need further clarification with detailed RS configuration and reporting configuration. We think that both performance and overhead can be further considered. If some options satisfy given requirements, then we can choose any option having the minimum overhead regarding the physical layer.
[bookmark: _Ref61356181]Proposal 1: Both overhead and accuracy are considered to down select one option.
2.2. Delay compensation options
Option 1 (TA based)
The option 1a means  can be reduced. Our understanding finer  is not sufficient a for control to control case and other terms should be reduced as well. The option 1b means  and  and  can be reduced by requirements. The error bound can be reused but Te would be smaller because the UE may keep its TA during the URLLC service. If option 1b is applied, then the gNB indicates additional granularity to interpret the indicated TA command, and a new signalling should indicate both TA command and its granularity. The Te can be specified as minimal to reduce the residual error.
The option 1c depends on proponent companies, and one candidate can be the correction term for the PD. The UE receives the correction term and apply this at the TA. The correction term from an additional loop is not a TA, and the UE does not update the TA by receiving the correction term. This also requires a new signalling. Since the UE add/subtract the correction term from the TA, the signalling mechanism should be similar to the TA indication. Also, in order to reduce the residual TA, the correction term should have finer granularity and autonomous TA adjustment can be disabled to offset the unknown quantity. In our understanding, the correction term in the option 1c and the finer TA command in the option 1b have much in common except the impact to the legacy TA value. 
In the overhead perspective, the option 1a/1b may have similar overhead to the legacy behavior, but the option 1c should keep additional loop which has an additional control overhead.
Option 2 (RTT based)
The option 2 has generally considered lower error because one link participate to the error and the other link does not. If the RxTx time difference is estimated at the UE, then the UE reports the value to the gNB, or if the RxTx time difference is estimated at the gNB, then the gNB indicates the value to the UE. This is because the Rel-17 scenario concerns the presence of the global clock at either UE or gNB. This can be seen as an overhead, but option 1c may have additional indication and the additional overhead is similar qualitatively.
In the overhead perspective, the option 2 may have larger RS overhead, because PRS is usually used to estimate RxTx time difference. 
[bookmark: _GoBack]Comparing option 1x and option 2, SRS/PRACH would be used for UL timing estimation, while different DL RS can be used. The option 1x can use SS/PBCH block for DL timing. The advantage is not rely on additional DL PRS, whereas the option 2 is. We think the option 2 requires additional RS overhead, which can be wideband and occupy many symbols. Also, DL PRS is configured per frequency layer and DL BWP may be changed to receive the DL PRS, and DL PRS may not be triggered. Since the DL PRS resource may have many REs, the periodicity should be chosen carefully. At the same time, the reporting of the option 2 should be clarified.
On the other hand, the gNB RxTx time difference can be indicated to the UE. In this case, a unified design for both UL reporting and DL indication for RxTx time difference would be desirable.
[bookmark: _Ref61356188]Proposal 2: Before down select, more detailed scheme of each option should be provided.
3.  Conclusion
In this contribution, we have following proposals.
Proposal 1: Both overhead and accuracy are considered to down select one option.
Proposal 2: Before down select, more detailed scheme of each option should be provided.
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