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Introduction
In RAN4#97-e meeting, RAN4 identified that the following aspects need to be discussed for NTN UL time synchronization requirements.
	· [bookmark: OLE_LINK236][bookmark: OLE_LINK169]Timing Advance adjustment accuracy considering
· At least the total error budget for regulating TA during a call: ΔUE-pos, ΔSat-pos, Timing Advance adjustment accuracy and TA command resolution error, 
· FFS for other cases
· Timing error limits & UE Time alignment behaviour
· More investigation required for timing error requirement;
· FFS: at least CP will have to be preserved.
· Timing Issues and Requirements for UE with 2 feeder-links
· Service link related, and depending if the feeder-link switch is soft or hard.


In this contribution, we provide the discussion on NTN timing related requirements.
Discussion
[bookmark: OLE_LINK186][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667][bookmark: OLE_LINK195][bookmark: OLE_LINK187][bookmark: OLE_LINK189]The uplink-downlink timing relation in TN network is shown in Figure 1.
[bookmark: OLE_LINK190][bookmark: OLE_LINK191][image: ]
Figure 1: Uplink-downlink timing relation in TN network
[bookmark: OLE_LINK201][bookmark: OLE_LINK283][bookmark: OLE_LINK194][bookmark: OLE_LINK284][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK207][bookmark: OLE_LINK310][bookmark: OLE_LINK202][bookmark: OLE_LINK248][bookmark: OLE_LINK203][bookmark: OLE_LINK307][bookmark: OLE_LINK205][bookmark: OLE_LINK206]The timing advance of uplink transmission in TN network includes NTA and NTA,offset. The values of both NTA and NTA,offset are indicated by the network and. Then, UE uplink transmit timing error is derived from the estimating error on downlink timing at UE side. The timing advance adjustment error is derived from the sampling interval length in considering of the corresponding minimum UL bandwidth. All the UE related timing requirements are define in RRC connected mode. There is no UE timing requirements in RRC idle/inactive mode.
In RAN1 #103-e meeting, the following agreements on NTN UL time synchronization have been achieved.
	Agreement:
[bookmark: OLE_LINK243][bookmark: OLE_LINK177]An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· [bookmark: OLE_LINK166]Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
[bookmark: OLE_LINK199][bookmark: OLE_LINK171][bookmark: OLE_LINK334][bookmark: OLE_LINK178][bookmark: OLE_LINK179]is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.



[bookmark: OLE_LINK285][bookmark: OLE_LINK321][bookmark: OLE_LINK299][bookmark: OLE_LINK300][bookmark: OLE_LINK198]In RRC idle/inactive mode, according to RAN1 agreements, the uplink-downlink timing relation in NTN network can be shown in Figure 2.
[image: ]
Figure 2: Uplink-downlink timing relation in NTN network (RRC idle/inactive mode)
[bookmark: OLE_LINK200][bookmark: OLE_LINK251][bookmark: OLE_LINK247][bookmark: OLE_LINK250]The timing advance of UL transmission in NTN network includes NTA, NTA,offset and X. Only NTA,offset and X are indicated by the network. The value of NTA is self-estimated by UE. However, whether UE self-estimating error of NTA will be counted into the UE uplink transmit timing error or counted into the timing advance adjustment error needs to be decided by RAN4, which will impact how to define the timing requirements for NTN UE.
[bookmark: OLE_LINK259][bookmark: OLE_LINK249][bookmark: OLE_LINK260][bookmark: OLE_LINK282][bookmark: OLE_LINK315][bookmark: OLE_LINK302][bookmark: OLE_LINK319][bookmark: OLE_LINK305][bookmark: OLE_LINK323][bookmark: OLE_LINK288]Proposal 1: For NTN networks, RAN4 needs to study how to define UE transmit timing requirements in RRC idle/inactive mode.
· [bookmark: OLE_LINK266][bookmark: OLE_LINK253][bookmark: OLE_LINK308][bookmark: OLE_LINK280][bookmark: OLE_LINK278][bookmark: OLE_LINK279][bookmark: OLE_LINK306]Option 1: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA is counted into the UE transmit timing error.
· [bookmark: OLE_LINK311][bookmark: OLE_LINK309]Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· [bookmark: OLE_LINK281][bookmark: OLE_LINK314]Option 2: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA will be counted into the timing advance adjustment error.
· [bookmark: OLE_LINK312]UE transmit timing error is derived from the UE capability of estimating downlink timing
· [bookmark: OLE_LINK313]Option 3: Define the requirements on UE transmit timing error limit, UE self-estimating accuracy of NTA and timing advance adjustment accuracy, provided that:
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
[bookmark: OLE_LINK214][bookmark: OLE_LINK212][bookmark: OLE_LINK239][bookmark: OLE_LINK213][bookmark: OLE_LINK217][bookmark: OLE_LINK255][bookmark: OLE_LINK211][bookmark: OLE_LINK256][bookmark: OLE_LINK263][bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK274][bookmark: OLE_LINK257]UE self-estimation on NTA is based on its GNSS-acquired position and the serving satellite ephemeris. The estimating error of NTA depends on the UE position error and the serving satellite position error. Then, the UE estimating error of NTA can be calculated as ErrorNTA:
[bookmark: OLE_LINK258][bookmark: OLE_LINK238][bookmark: OLE_LINK275]ErrorNTA = ErrorUE,pos + Errorsatellite,pos
[bookmark: OLE_LINK294][bookmark: OLE_LINK295]Where, ErrorUE,pos is the timing error due to UE position error and Errorsatellite,pos is the timing error due to serving satellite position error.
[bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK264][bookmark: OLE_LINK265]According to A-GNSS minimum performance requirements in TS36.171, different scenarios require different UE position accuracy requirements, and UE position accuracy is defined from 15 meters to 100 meters. RAN4 need to study the reference GNSS scenario for deriving the UE position error.
[bookmark: OLE_LINK270][bookmark: OLE_LINK269][bookmark: OLE_LINK273]Proposal 2: RAN4 needs to study the reference GNSS scenario for deriving the UE position error.
· [bookmark: OLE_LINK267][bookmark: OLE_LINK268]Option 1: Considering worst scenario.
· Option 2: Considering a typical scenario, with introducing the GNSS signal parameters for this scenario.
[bookmark: OLE_LINK219][bookmark: OLE_LINK229][bookmark: OLE_LINK271][bookmark: OLE_LINK234][bookmark: OLE_LINK272]Based on the serving satellite ephemeris information, the UE could predict what the serving satellite position. In RAN1, the serving satellite ephemeris information can be broadcasted by gNB. The accuracy of satellite position estimated by the UE mainly depends on the accuracy of the ephemeris data provided by gNB. The format of the satellite ephemeris parameters broadcasted by gNB is under discussion. 
[bookmark: OLE_LINK276]Observation 1: RAN1’s decision on the format of the satellite ephemeris parameters are needed to deriving the UE position error.
[bookmark: OLE_LINK301][bookmark: OLE_LINK298][bookmark: OLE_LINK303]In RRC connected mode, the gNB will indicated a Timing Advance Command by MAC message, Hence, the uplink-downlink timing relation for NTN network in RRC connected mode can be shown in Figure 3.
[image: ]
Figure 3: Uplink-downlink timing relation in NTN network (RRC connected mode)
[bookmark: OLE_LINK304][bookmark: OLE_LINK316][bookmark: OLE_LINK317]Where, TAC is derived from the indicated Timing Advance Command. Since the value of TAC is indicated by the network, the UE uplink uncertainty also include three parts. However, how to define the UE transmit timing requirements in RRC connected mode can use the same methodology RRC idle/inactive mode, which means to choose same option from three options in Proposal 1.
[bookmark: OLE_LINK324][bookmark: OLE_LINK320]Proposal 3: For NTN networks, RAN4 needs to define UE transmit timing requirements in RRC connected mode, with using the same methodology in RRC idle/inactive mode.
[bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK327][bookmark: OLE_LINK290][bookmark: OLE_LINK326][bookmark: OLE_LINK331][bookmark: OLE_LINK328][bookmark: OLE_LINK332][bookmark: OLE_LINK335][bookmark: OLE_LINK336]The UE shall be capable of changing the transmission timing according to the reference timing. The UE autonomous timing adjustment requirements including maximum aggregate adjustment step and maximum aggregate adjustment rate need to be defined for non-initial transmission. For TN network, the reference timing shift is only caused by the downlink timing drift. For NTN network, the reference timing shift is caused by downlink timing drift and UE self-estimation TA variation.
[bookmark: OLE_LINK325][bookmark: OLE_LINK318]Proposal 4: For NTN networks, RAN4 need to study the UE autonomous timing adjustment requirements in RRC connected mode, which can be derived from the downlink timing drift and UE self-estimation TA variation.

Conclusions
This contribution provides the discussion on how to define UE timing related requirements for NTN UE. The following are provided:
Proposal 1: For NTN networks, RAN4 needs to study how to define UE transmit timing requirements in RRC idle/inactive mode.
· Option 1: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA is counted into the UE transmit timing error.
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· Option 2: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA will be counted into the timing advance adjustment error.
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Option 3: Define the requirements on UE transmit timing error limit, UE self-estimating accuracy of NTA and timing advance adjustment accuracy, provided that:
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
Proposal 2: RAN4 needs to study the reference GNSS scenario for deriving the UE position error.
· Option 1: Considering worst scenario.
· Option 2: Considering a typical scenario, with introducing the GNSS signal parameters for this scenario.
Observation 1: RAN1’s decision on the format of the satellite ephemeris parameters are needed to deriving the UE position error.
Proposal 3: For NTN networks, RAN4 needs to define UE transmit timing requirements in RRC connected mode, with using the same methodology in RRC idle/inactive mode.
Proposal 4: For NTN networks, RAN4 need to study the UE autonomous timing adjustment requirements in RRC connected mode, which can be derived from the downlink timing drift and UE self-estimation TA variation.
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