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1 Introduction
In the last RAN #88e meeting, the WI regarding enhancement IIOT and URLLC support was approved. The objectives related to enhancements for support of time synchronization are indicated as follows:

In this contribution, we would like to present our views on this topic.
2 Discussion
2.1 RAN impact on uplink time synchronization
In the TR 23.700 study on enhanced support of industrial Internet of Things, the requirements of uplink time synchronization were depicted as follows:

A related figure is also given in the TR 23.700, as follows:
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                      Figure 1: The distribution of UL Time Synchronization Information with the same UPF [1]
As could be found in the figure 1, R16 DL time synchronization mechanism from UPF to gNB could be reused as indicated by the dashed line with the prerequisite of accomplishment of establishment of TSN time synchronization between UPF and TSN GM located in UE side. Furthermore, UL time synchronization (from master UE to UPF) services requires that master UE to send gsync message towards UPF. Similarly with the DL time synchronization, it needs establishment of the 5G internal high-precision time synchronization to derive the processing time of the gsync message within the system.  So from this figure, it seems that no RAN impact is foreseen.
However, it is not obvious that whether or not mobility issue should be taken into account for UL time synchronization scenario. Firstly, the serving UE (transmitting the sync message) and the connected one or more TSN GM might move out of the coverage of current gNB. Secondly, it is possible that TSN GM might needs to connect with more than one UE to avoid the case that there is no backup UE when the UL transmission condition is deteriorated between gNB and the serving UE. For the first case, if the measurement configuration does not exclude the MO on which the cell does not support the 5G internal high-precision synchronization services or let’s say, the serving UE performs HO to a cell which does not support such service, the TSN synchronization service will be impacted. For the mentioned second case, assistance information over the NG interface might be needed to help core network select a proper serving UE.
Observation 1: it is not obvious whether or not mobility issue of UE should be taken into account for UL time synchronization scenario. Besides that, it seems no RAN2 impact is foreseen by the UL synchronization mechanism.
Proposal 1: kindly propose RAN2 to determine whether the issue on serving UE changing, e.g. the UE responsible for transmission of the UL gsync message moving out of  current cell, should be taken into account for UL time synchronization scenario.

2.2 Enhancements of propagation delay compensation
In the RAN2#109e, RAN2 has made a decision that PDC is only possible to be done by UE implementation, indicated as follows:

The logic behind such agreement is that RAN1 has concluded in R16 TR 38.825 that ‘a timing synchronization error between a gNB and a UE no worse than 540ns is achievable based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required.’ Considering the 100 ns time error between TSN GM clock and gNB, and the 5ns further time error from the granularity of the RRC signalling of the time information, the overall synchronization accuracy error between a clock source and UE clock would be equal to 645 ns (i.e. 540ns (air interface accuracy) + 100ns (network interface accuracy) + 5ns (granularity/2)). Obviously, the overall time error meets the strictest requirement of TSN time synchronization, 1μs. 

However, for the cases of the TSN time GM being located in the side of one UE and the TSN ends being located in other UEs, it is obvious that the overall time synchronization requirement, 900ns, could not be satisfied, since the synchronization path involves one more uu interface and one more NG interface, which accounts for 540+100+5=645ns additional time error if synchronization error over uu interface is not decreased.
Observation 2: the strictest requirement of TSN time synchronization, 900ns, could not be satisfied for the cases of both TSM time GM and TSN ends being located in UE side.
Based on such observation, propagation delay compensation might become mandatory for the cases of both TSM time GM and TSN ends being reside in UEs. Also, it should be noted that for SCS = 15 KHz,  the current granularity (minimum quantization unit) of the PDC is half of the TA adjustment granularity: 1*16*64*Tc/2  = 260.6ns, which implies that although PDC could be applied to improve the TSN time synchronization accuracy, residual time error would be still up to 260.6ns. For instance, suppose a UE is located at a position with a distance of 100m from the serving gNB, and the propagation delay is derived to be 333ns. In such cases, reception of TA command with a value 1 could still lead to a residual time error of 330-260.ns = 69.4 ns.
Observation 3: the current granularity of the PDC, half of the TA adjustment: 1*16*64*Tc/2  = 260.6ns, implies that residual time error would be still up to 260.6ns, though PDC is applied to improve the TSN time synchronization accuracy.

In our opinion, there are two potential approaches to deal with the problem. Primarily, if the PDC could be done at gNB side (calibration of ReferencetimeInfo IE using propagation delay knowledge before transmission of it towards UE), TA quantization problem could be avoided completely. The second possible PDC enhancement approach is to redefine the TA command with a finer granularity. Such work is out of RAN2 scope, but still a LS could be sent to other groups (RAN1/4) to ask whether or not the granularity of TA command could be improved if needs are identified firstly in RAN2. As a result, we kindly propose RAN2 to study how to make enhancements to propagation delay compensation to fulfil the requirement of UL transmission synchronization use cases 
Proposal 2: kindly propose RAN2 to study how to make enhancements on propagation delay compensation to fulfil the requirement of UL transmission synchronization use cases from two perspectives: 
· PDC pre-implemented at gNB

· PDC performed at UE side, based on e.g., TA information received from gNB. Accordingly, the TA command should be redefined with a finer granularity 
In addition, if both of choices are accepted, to avoid excessive compensation of propagation delay, we suggest that gNB should send an indication to UE to inform whether or not the PDC has been done in gNB already. This implementation is also valid when UE is in the procedure of mobility from coverage of one gNB to another one. If source gNB support pre-PDC but target gNB does not support, for achieving 5G internal time synchronization, UE needs to begin to do PDC job when handover towards the target gNB is finished. 
Proposal 3: propose RAN2 to agree that an indication informing of whether or not the PDC has been done in gNB already should be sent to UE to avoid excessive PDC work.
Furthermore, another problem needs to be discussed for mobility scenario is that whether or not UE needs to start establishing 5G internal synchronization with target gNB during the HO (the duration of HO is approximately 20ms). In our opinion, two things need to be clarified before making further agreement:

1. if gPTP message needs to be transmitted every 20 ms or more frequently to maintain the time synchronization between TSN GM and TSN end stations?
2. if the 5G internal time synchronization error between UE and UPF exceeds the overall accuracy requirement, 900ns when there emerges a need to transmit gPTP message during HO or just after HO is finished?
Proposal 4: propose RAN2 to clarify two things before making further agreement on whether or not UE needs to establish 5G internal synchronization with target gNB during the HO (the duration of HO is approximately 20ms):
1. if gPTP message needs to be transmitted every 20 ms or more frequently to maintain the time synchronization between TSN GM and TSN end stations?

2. if the 5G internal time synchronization error between UE and UPF exceeds the overall accuracy requirement, 900ns when there emerges a need to transmit gPTP message during HO or just after HO is finished?
3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: it is not obvious whether or not mobility issue of UE should be taken into account for UL time synchronization scenario. Besides that, it seems no RAN2 impact is foreseen by the UL synchronization mechanism.

Observation 2: the strictest requirement of TSN time synchronization, 900ns, could not be satisfied for the cases of both TSM time GM and TSN ends being located in UE side.
Observation 3: the current granularity of the PDC, half of the TA adjustment: 1*16*64*Tc/2  = 260.6ns, implies that residual time error would be still up to 260.6ns, though PDC is applied to improve the TSN time synchronization accuracy.
Proposal 1: kindly propose RAN2 to determine whether the issue on serving UE changing, e.g. the UE responsible for transmission of the UL gsync message moving out of current cell, should be taken into account for UL time synchronization scenario.

Proposal 2: kindly propose RAN2 to study how to make enhancements on propagation delay compensation to fulfil the requirement of UL transmission synchronization use cases from three perspectives: 
· PDC pre-implemented at gNB

· redefine the TA command with a higher granularity 
· investigate the positioning methods introduced in R16.  
Proposal 3: propose RAN2 to agree that an indication informing of whether or not the PDC has been done in gNB already should be sent to UE to avoid excessive PDC work.

Proposal 4: propose RAN2 to clarify two things before making further agreement on whether or not UE needs to establish 5G internal synchronization with target gNB during the HO (the duration of HO is approximately 20ms):

1. if gPTP message needs to be transmitted every 20 ms or more frequently to maintain the time synchronization between TSN GM and TSN end stations?

2. if the 5G internal time synchronization error between UE and UPF exceeds the overall accuracy requirement, 900ns when there emerges a need to transmit gPTP message during HO or just after HO is finished?
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Enhancements for support of time synchronization:


RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]


Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]




















Support for Time Synchronization with one or more TSN GM(s) in the TSN network attached to the devices:


Synchronizing TSN end stations behind 5G System (NW-TT) with the TSN GM in the network attached to the device.


Synchronizing TSN end stations behind other UE(s) with the TSN GM in the network attached to the device side via 5G system





Capture for the reference time information in 38.331 that ‘The indicated time is referenced at network, i.e., without compensating for RF propagation delay’.


In R16, PDC may be done by UE implementation.


Do not capture PDC aspect in stage-2 specification
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