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1. Introduction
In RAN4#98bis-e meeting, a way forward on WF on timing requirements for NR NTN was approved [1]. After discussion, some agreements have been reached, some issues are FFS. This document will discuss these issues further and present our understanding and proposals.

2. Discussion
The UE transmit timing advance has been defined in RAN1 meeting as following formula:
TA = (NTA + NTA,UE-specific + NTA,Common + NTA_offset)Tc
In WF [1], it is agreed that the existing NTA offset value defined in Table 7.1.2-2 in TS38.133 can be reused in NTN.
The WF on UE specific TA estimation error is:
· The UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· UE specific TA estimation accuracy is FFS
· FFS whether the UE specific TA estimation accuracy shall be also defined as a separate accuracy requirement
· Specify UE behavior related to UE specific TA estimation and the detailed behavior is FFS
· FFS on the update periodicity of UE specific TA value
The UE specific TA estimation error is related with accuracy of ephemeris data, accuracy of UE PVT get from GNSS, and accuracy of extrapolation from ephemeris data and GNSS. The accuracy of ephemeris data and accuracy of UE PVT get from GNSS is out of RAN4 scope, and need the input from satellit system. The accuracy of extrapolation from ephemeris data and GNSS can be simulated based on ephemeris data mode and UE mobility mode.
Proposal 1: RAN4 should confirm the accuracy of ephemeris data and accuracy of UE PVT from satellit system and GNSS system, and confirm the accuracy of extrapolation from ephemeris data and GNSS based on ephemeris data mode and UE mobility mode.
By our understanding, the UE specific TA estimation accuracy can’t be defined as a separate accuracy requirement. It consists of some factors from outside which have been discussed as above. The transmit timing error is required and tested at UE antenna as single signal It cannot be separated from different error components.
Proposal 2: Don’t define a separate accuracy requirement for UE specific TA estimation accuracy. It will be included in the requirement of total UE transmit timing error.
The UE behavior related to UE specific TA estimation should be defined in RAN1, especially the relationship of UE specific TA estimation and TA command NTA is discussing in RAN1.
Proposal 3: Defer discussion for specifying UE behavior related to UE specific TA estimation, and wait RAN1 conclusion.
We think the update periodicity of UE specific TA value should depend on UE implementation. It will not be defined in RAN4 specification. UE should meet the requirement defined in RRM specification for UE transmit timing error with a update rate of ephemeris data.
Proposal 4: It is not necessery to define the update periodicity of UE specific TA value. It depends on UE implementation. UE should meet the requirement defined in RRM specification for UE transmit timing error with a update rate of ephemeris data.

In WF on timing requirement, it is summarized as:
· UE initial transmit timing error (Te)
· Te requirement in NTN is consist of:
· Same types of errors as terrestrial UE e.g. DL timing estimation accuracy and UL timing setting accuracy. and;
· UE specific estimation accuracy;
· FFS on whether and how much different relaxations are required for different sets of SCS of SSB and SCS of uplink signals
· It is the total NTN UE Te error that decides UL performance, no matter the source of inaccuracy.
By our understanding, Te for TN system can be represented for the part of DL timing estimation accuracy and UL timing setting accuracy. It is based on SCS of SSB and SCS of uplink signals.
For UE specific estimation accuracy, it includes accuracy of ephemeris data, accuracy of UE PVT get from GNSS, and accuracy of extrapolation from ephemeris data and GNSS. It will not be related with SCS. The requirements for NTN UE initial transmit timing error, Te_NTN, should be relaxed based on Te in TN specification, and will be equal Te + UE specific estimation accuracy. How much relaxation should be discussed and decided. Firstly the relaxation should be larger than the UE specific estimation accuracy. Secondly, the relaxation should be allowed for gNB receiving. In last meeting, we analysis initially the UE specific estimation accuracy [2], and it is about 0.2µs and 0.67µs by 30m and 100m position accuracy. The Te in TN are 0.098µs~0.39µs, about 1/14CP for 15kHz SCS, and 1/3CP for 240kHz. In NTN system, the NTN UE initial transmit timing error could be relaxed due to the propagation feature may have no mutiple path. It may be relaxed such as to 1/10CP ~ 1/2CP based on different SCS.
Proposal 5: The NTN UE initial transmit timing error should be relaxed, and may be relaxed to [1/10]CP ~ [1/2]CP for different SCS. The relaxed part is allowed for NTN UE specific estimation accuracy.

For gradual timing adjustment, it is summarized as:
· FFS whether to define new gradual timing adjustment requirements for NTN UE
· FFS whether and how to count the maximum delay variation for the round trip delay; 
· FFS: whether define different requirements for different NTN topologies in terms of, e.g. GEO, MEO, LEO, HAPS, HIBS, altitude, elevation angles for feeder/ service links, UE speed, etc;
· FFS the reference timing for the Gradual timing adjustment in NTN
We think the gradual timing adjustment requirements should be different for different NTN topologies because such as GEO is static strack, the timing adjustment may be not necessery, but timing in LEO may be changed quickly.
Proposal 6: The gradual timing adjustment requirements should be different for different NTN topologies.

In WF on TA adjustment accuracy requirement, it is summarized as:
· In RRC_idle mode
· FFS whether to define TA adjustment accuracy requirement;
· In RRC_CONNECTED mode 
· Option 1: Reuse the existing TA adjustment accuracy requirement defined in TS 38.133 with considering of UL timing quantization accuracy.
· Option 2: FFS on whether relax the TA adjustment accuracy requirement.
· FFS on UE position and satellite position estimation error;
· FFS on propagation delay change from a slot when UE received timing advance command to a slot when the indicated TA.
We think it is not necessery to define TA adjustment accuracy requirement in RRC_idle mode. If UE transmits in RRC_idle mode, it should meet requirements for NTN UE initial transmit timing error.
Proposal 7: It is not necessery to define TA adjustment accuracy requirement in RRC_idle mode. The transmit timing in RRC_idle mode should meet requirements for NTN UE initial transmit timing error.
Proposal 8: The Tq and Tp in TN system can be reused. But the maximum aggregate adjustment rate will be defined based on different NTN topologies, such as Tq per [20] ms for LEO600km cell, but Tq per [60]s for GEO.

Based on above discussion and proposal, we present a draft response LS to RAN1 in our other document [5].

3. Conclusion
[bookmark: _GoBack]This document discussed the topic of NTN timing requirements and presented following proposals:
Proposal 1: RAN4 should confirm the accuracy of ephemeris data and accuracy of UE PVT from satellit system and GNSS system, and confirm the accuracy of extrapolation from ephemeris data and GNSS based on ephemeris data mode and UE mobility mode.
Proposal 2: Don’t define a separate accuracy requirement for UE specific TA estimation accuracy. It will be included in the requirement of total UE transmit timing error.
Proposal 3: Defer discussion for specifying UE behavior related to UE specific TA estimation, and wait RAN1 conclusion.
Proposal 4: It is not necessery to define the update periodicity of UE specific TA value. It depends on UE implementation. UE should meet the requirement defined in RRM specification for UE transmit timing error with a update rate of ephemeris data.
Proposal 5: The NTN UE initial transmit timing error should be relaxed, and may be relaxed to [1/10]CP ~ [1/2]CP for different SCS. The relaxed part is allowed for NTN UE specific estimation accuracy.
Proposal 6: The gradual timing adjustment requirements should be different for different NTN topologies.
Proposal 7: It is not necessery to define TA adjustment accuracy requirement in RRC_idle mode. The transmit timing in RRC_idle mode should meet requirements for NTN UE initial transmit timing error.
Proposal 8: The Tq and Tp in TN system can be reused. But the maximum aggregate adjustment rate will be defined based on different NTN topologies, such as Tq per [20] ms for LEO600km cell, but Tq per [60]s for GEO.
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