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Introduction
In this contribution, we discuss the issues related to PD compensation for clock synchronization that are highlighted in [1].
[bookmark: _Ref178064866]Discussion
Propagation Delay (PD) compensation for reference time information delivery
In LS [1], it is confirmed Timing Advance (TA) based methods are utilized for PD compensation for the time synchronization accuracy analysis captured in Sec. 6.3.2.4. of TR 38.825. The achievable time synchronization accuracy over Uu interface in Sec. 6.3.2.4 of TR 38.825 is enough if following RAN2 analysis on the overall time synchronization accuracy from sync master to UE as captured in Sec. 6.3.5 of TR 38.825. As the evaluation results on timing synchronization accuracy of Sec. 6.3.2.4 of TR 38.825 can be achieved without additional Rel-16 enhancements in addition to the required propagation delay compensation support, RAN1 sees no need for additional enhancements in Rel-16.
However, it should be noted that the analysis in sec 6.3.5 of TR 38.825 was a generic analysis triggered by a LS from SA2 long before SA2 has finalized the synchronization solution, see Figure 5.27.1-1 in clause 5.27 in TS 23.501. In the analysis by TR 38.825, only two network-interface related inaccuracy parts are considered:
1. Inaccuracy on the Uu interface including downlink delay compensation and granularity of signaled reference timing;
2. Inaccuracy on the network interface between 5G GM clock and gNB which sends the reference timing to the UE. 
There are some missing inaccuracy components from, such as, the delivery of the 5G GM to the UPF, time stamping inaccuracy at DS-TT/NW-TT, the delivery of the time information to the gNB’s radio unit from the gNB’s baseband unit, the delivery of the time information to the end-station from the UE’s radio interface, etc. Due to remote TSN GM clock entity, additional errors can be coupled at 5GS ingress (from TSN GM to NW-TT) with transportation over n hops of PTP (Sec 6.3.4.1 of TR 38.825). Since these components are implementation- and deployment-related, to exactly estimate or even put requirements on each inaccuracy component might be challenging. Nevertheless, without taking into account of the missing inaccuracy components, the existing analysis of Uu interface inaccuracy cannot be used to conclude if, and how much, improvements may be necessary in order to meet the end-to-end accuracy requirement.
[bookmark: _Toc21118670]The inaccuracy analysis in TR 38.825 is incomplete and cannot be used to conclude on the need of enhancing downlink delay compensation.
We would like to raise a concern that the overall end-to-end inaccuracy (TSN grandmaster node to end-station connected to UE) might easily go beyond 1 us, considering that the inaccuracy on the air-interface (545 ns) already take half of the budget and uncertainty contributions from all possible components of the end-to-end path have not been accounted for. From deployment point of view, a much smaller air-interface inaccuracy provides the potential for supporting more use cases and increase the chances of satisfying the most demanding clock sync requirement when time synchronization deployments are realized.  
Furthermore, the latest TS 22.104 V17.1.0 (2019-09) has the following new, Rel-17, requirements: 
The 5G system shall be able to support arbitrary placement of sync master functionality and sync device functionality in integrated 5G / non-3GPP TSN networks.
The 5G system shall be able to support clock synchronization through the 5G network if the sync master and the sync devices are served by different UEs. (Flow of clock synchronization messages is in either direction, UL and DL.)
This indicates that the sync master can be located behind a UE. The clock synchronization message flow may have to pass two Uu interfaces. Therefore, this halves the error budget available for the Uu interfaces compared to the Rel-16 requirements. Such UE-to-UE E2E path with two air interfaces thus pose much tighter requirements.
In conclusion, the current TA method can be utilized to apply PD compensation but the satisfaction of E2E 1 µs time synchronization budget cannot be guaranteed. Further, without knowing the Uu budget, any enhancement or proposal on PD compensation methods in Rel-16 may pose a risk in creating inadequate methods that does not satisfy the E2E time-synch requirement of <=1 µs [2], when considering both Rel-16 and Rel-17 requirements. 
[bookmark: _Toc21118671]There is a need of PD compensation enhancement beyond current TA-based methods. However, without knowing the Uu time synchronization budget, any enhancements or proposals may be inadequate when E2E time-synchronization requirements cannot be satisfied in reality. 

Due to the time limitation, and without the correct understanding of Uu time synchronization budget, RAN1 might not be able to further study the enhancements in the current release. As a result, we prefer to treat the issue in the next Release. That is, to achieve the objective E2E synchronization target, the pre-requisites need to be re-considered in Release-17.
[bookmark: _Toc21118672]Investigation of clock synchronization error budget for Uu and other components is necessary before enhancements can be introduced for satisfying the new, stricter, requirements in Release-17.

Proposal 1 [bookmark: _Toc20123102][bookmark: _Toc21118675]The PD compensation methodology (with or without TA-based methods) and the related enhancements that can satisfy E2E time synchronization requirement should be targeted in Release-17.
TDD aspects of TA-based compensation
In [1], the RAN1 LS stated that: “RAN1 continues discussing when and how to apply propagation delay compensation including TDD operation aspects.” In this section, the timing of TDD operation is analysed.
The UL and DL timing relationship at the gNB and UE is illustrated in Figure 1 below.
[image: ]
Figure 1. Timing advance with .

The UE is equipped with time offset  for downlink and uplink switching (n-TimingAdvanceOffset) in ServingCellConfigCommon IE, which a UE would typically acquire from SSB, MIB, or SIBs when accessing the cell from IDLE.  If the RRC field n-TimingAdvanceOffset is absent, the UE applies a default value defined for the duplex mode and frequency range of the serving cell. For FR1 TDD band without LTE-NR coexistence case, the default value is  (Tc). For FR2, the default value is  (Tc). Thus, the value of  is a cell-specific value and known to all UEs in the cell.
For TDD UE, the offset TA allows the TX-to-RX and RX-to-RX transition time, see the table from TS 38.211 blow.
TS 38.211 V15.6.0, Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792



While for TDD operation, the UL timing is advanced by  relative to the DL timing at the UE,  the timing advance command from the gNB provides . Thus the UE is still able to derive propagation delay Tp from ,  .
Therefore, we do not think there is a need for any special treatment for TDD operation as both TA command ( for ) and the offset () are at UE disposal.

[bookmark: _Toc21118673]Similar to FDD operation, the TA command also provides round-trip time measurement for TDD operation.

Proposal 2 [bookmark: _Toc20123101][bookmark: _Toc21118676]No special treatment is needed to obtain propagation delay estimate for TDD.

Conclusion
In the previous sections we made the following observations:

Observation 1	The inaccuracy analysis in TR 38.825 is incomplete and cannot be used to conclude on the need of enhancing downlink delay compensation.
Observation 2	There is a need of PD compensation enhancement beyond current TA-based methods. However, without knowing the Uu time synchronization budget, any enhancements or proposals may be inadequate when E2E time-synchronization requirements cannot be satisfied in reality.
Observation 3	Investigation of clock synchronization error budget for Uu and other components is necessary before enhancements can be introduced for satisfying the new, stricter, requirements in Release-17.
Observation 4	Similar to FDD operation, the TA command also provides round-trip time measurement for TDD operation.

Based on the discussion in the previous sections we propose the following:

Proposal 1	The PD compensation methodology (with or without TA-based methods) and the related enhancements that can satisfy E2E time synchronization requirement should be targeted in Release-17.
Proposal 2	No special treatment is needed to obtain propagation delay estimate for TDD.

References
R1-1909906, Reply LS on propagation delay compensation for reference time information delivery
[bookmark: _GoBack]R1-1908127, Other enhancements to uplink and downlink transmissions for NR URLLC – Response to incoming LS
image1.emf
DL UL

UL

N

TA

×T

c

Tp

N

TA

×T

c

=2×Tp

gNB

UE

N

TA_offset

× T

c

Switching gap (Tg)

Tp

N

TA_offset

× T

c

DL


