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1	Introduction
[bookmark: _Toc524946176][bookmark: _Ref178064866]In this paper, we discuss downlink delay compensation and RAN1 reply LS on delay compensation [1].
2	Discussion
[bookmark: _Ref189046994]In LTE, it is specified that the indicated reference time is referenced at the network, i.e., without compensating for RF propagation delay. There are some proposals that gNB can pre-compensate the propagation delay. Indeed, this is also related with the LS [2] to RAN1 on clarification for propagation delay compensation method. However, we believe for SIB message, a pre-compensated value does not work since it is a network centric value which should apply to any UE, and if the network were to compensate for a UE being, say, 10 TA-steps away from the gNB, then the value wouldn’t apply to a UE very close to the gNB. If there should be any TA-compensation, such compensation must be done at the UE. In other words, there is a need that the indicated reference time is information established by the network and refers to a specific point in the transmitted sequence of SFNs. Thus, we propose as baseline that 
[bookmark: _Toc20729436][bookmark: _Toc20834135]As a baseline and as in LTE, the indicated reference time is referenced at the network, i.e., without compensating RF propagation delay.

In the email discussion [4], there are diverging opinions on propagation delay compensation methods. The proposal was to ask RAN1 for further inputs. In the reply LS [1], it is confirmed that the timing advanced based method was used to obtain propagation delay 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 sufficient 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. Since these components are implementation- and deployment-related, to exactly estimate or even put requirements on each inaccuracy component might be challenging (if possible). 
[bookmark: _Toc20729328][bookmark: _Toc20729341][bookmark: _Toc20729367][bookmark: _Toc20729448][bookmark: _Toc20834132]The inaccuracy analysis in TR 38.825 is incomplete and cannot be used to justify not 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 will enable 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.  
More importantly, in SA#85, a tighter time synchronization requirement is approved (see the approved CR in [5] and the latest TS 22.104 V17.1.0 [6]). In particular, the following UE-to-UE sync requirements are added:
	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.)


It means that the TSN GM clock can be on one UE, but the sync devices are on another UE. 
[bookmark: _Toc20729329][bookmark: _Toc20729342][bookmark: _Toc20729368][bookmark: _Toc20729449][bookmark: _Toc20834133]New requirement on UE-to-UE time synchronization is added in SA1 Rel-17 work.
With the assumption that one-hop air-interface inaccuracy of 545 ns, the in-accuracy simply due to the air-interface is 2*545 ns and larger than 1 us. There is a need to enhance downlink delay compensation
[bookmark: _Toc20729437][bookmark: _Toc20834134]There is a need for downlink delay compensation enhancement beyond current TA-based methods.

Due to the time limitation and packed work items, RAN1 and RAN2 might not be able to further study any enhancements in this release and the updated requirement in SA plenary targets for Rel-17. In addition, as it is not clear what the new methods would be, specifying a method in this release that also allows extensibility for the next release with such a short time span (two meetings for RAN1 and three meeting for RAN2) is challenging. As a result, we prefer to leave for UE implementation in this release.
[bookmark: _Toc20729438][bookmark: _Toc20834136]As in LTE, in NR Rel-16, the downlink delay compensation is up-to UE implementation and no specification are needed.

Lastly, there are proposals from some companies that the NW shall indicate whether the reference time info has been pre-compensated (“NW has adjusted the indicated reference time to take into account the downlink delay propagation”) or not. However, to send such an indication only makes sense if it would result in a different in UE behaviour. A potential difference in UE behaviour would be that if NW indicates that it has applied pre-compensation to the indicated reference time then the UE shall not do further compensation. But in absence of such indication, meaning that the NW has not applied pre-compensation, then the UE would be expected to compensate (adjust the reference time) according to the downlink propagation delay (if supported).
However, we suggest that any UE compensation shall be down prioritized in Rel-16 and may instead be done in Rel-17. So, in Rel-16 there would be no difference in UE behaviour, therefore we do not think there is a need for such an indication in Rel-16.
[bookmark: _Toc20729439][bookmark: _Toc20834137]No indication is provided regarding whether or not the reference time info sent by the gNB has been compensated to take into account the downlink propagation delay.

3	Conclusion		
The following observations have been made:
Observation 1	The inaccuracy analysis in TR 38.825 is incomplete and cannot be used to justify not enhancing downlink delay compensation.
Observation 2	New requirement on UE-to-UE time synchronization is added in SA1 Rel-17 work.
Observation 3	There is a need for downlink delay compensation enhancement beyond current TA-based methods.


Based on the discussion in the previous sections we propose the following:
Proposal 1	As a baseline and as in LTE, the indicated reference time is referenced at the network, i.e., without compensating RF propagation delay.
Proposal 2	As in LTE, in NR Rel-16, the downlink delay compensation is up-to UE implementation and no specification are needed.
Proposal 3	No indication is provided regarding whether or not the reference time info sent by the gNB has been compensated to take into account the downlink propagation delay.
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