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Introduction
R4-2017350 on NTN RRM requirement was approved in RAN4#97-e meeting with following agreements:
· NTN UL Time synchronization requirements, the following requirements shall be defined but require RAN1 further progress:
· Timing Advance adjustment accuracy
· Timing error limits & UE Time alignment behavior
· Timing Issues and Requirements for UE with 2 feeder-links
Moreover, in RAN1#103-e the following agreement was approved:
· 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.
During RAN4#98e, it was also agreed (please see R4-2103681):
· TA adjustment accuracy requirement
· Timing Advance adjustment accuracy requirement depends on the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget.
· FFS: Timing Advance adjustment accuracy scales inversely proportional to SCS
· FFS: whether UE specific TA estimation accuracy has impact on timing advance adjustment accuracy requirements.
· UE specific TA estimation accuracy requirement
· RAN4 is to define the requirements for UE specific TA estimation accuracy
· FFS on how to capture the UE specific TA estimation accuracy
· Option 1: the UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· Option 2: the UE specific TA estimation accuracy is counted into the timing advance adjustment accuracy requirement
· Option 3: the UE specific TA estimation accuracy is defined as a separate accuracy requirement
· Other option is not precluded
The goal of this document is therefore to further clarify NTN UL timing synchronization requirements to be considered by NTN RAN4 work.
Satellite ephemeris broadcast
The actual satellite ephemeris are estimated using satellite Orbit Determination (OD) algorithm which estimates the most likely track or orbit which have been taken by a satellite based on past and noisy measurements of its position and velocity. 
In general, as seen in Figure 1, the satellite ephemeris information can be provided to the NR NTN UEs based on the following steps:
· Step 1: Measurements of the satellite position and velocity are made and dated. Most of the time, these measurements are GNSS-based measurements performed on-board. 
· Step 2: The measurements are typically provided as inputs for the NTN Control function, which performs the satellite OD. In general, the satellite GNSS measurements are delivered to the ground via dedicated telemetry channels between the satellite and the NTN GW network. The reporting period of new GNSS measurements is implementation specific. However, the reporting period is directly related to the accuracy target associated to the instantaneous knowledge of the satellite position and velocity in the system.
· Step 3: The satellite OD algorithm is performed by the NTN Control function. This operation can be more or less complex depending on the models considered, the quantity of measurements available and the algorithms used. 
· Step 4: The satellite ephemeris is broadcasted in the NTN SI under a standardized format. The formats are FFS.
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	Figure 1: Uplink synchronization in NTN	

UE specific timing estimation proposals from RAN#98e
The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.1.2-1 from TS 38.133. Still according to TS 38.133, this requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
RAN4 should consider the NTN UE transmit timing error requirements to be the same as the ones already specified for TN UEs. This will allow reusing the same set of requirements for both terrestrial UE and non-terrestrial UE and therefore reduce NTN specification impact.
Proposal 1: RAN4 should consider the NTN UE transmit timing error requirements to be the same as the ones already specified for TN UEs.
Proposal 2: The NTN UE initial transmission timing error requirement should apply when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
Moreover, during RAN4 #98e, it was also agreed (please see R4-2103681):RAN4 #98e Agreements:
· UE specific TA estimation accuracy requirement
· RAN4 is to define the requirements for UE specific TA estimation accuracy
· FFS on how to capture the UE specific TA estimation accuracy
· Option 1: the UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· Option 2: the UE specific TA estimation accuracy is counted into the timing advance adjustment accuracy requirement
· Option 3: the UE specific TA estimation accuracy is defined as a separate accuracy requirement
· Other option is not precluded

Also, the following proposal indicating how the NTN UE shall apply its TA is being discussed in RAN1:
	The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
When common TA is indicated by the Network:


Where:
   and  are defined as in Release-16.
    is UE self-estimated TA 
   is network-controlled common TA, and may include any timing offset considered necessary by the network.
   FFS:  Signaling and the granularity of  
   FFS: When common TA is not indicated
-        Note-1: Definition of  is different from that in   agreement.
-        Note-4:  is the common timing offset as agreed in RAN1 #103-e 



From our perspective, the time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus . 
The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
Based on the above, Option 3 is the only valid option to define the requirements related to the NTN UE self-estimated TA accuracy.
Proposal 3: The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus . Therefore, the UE transmit timing error requirement does not cover the self-TA estimation errors.

Proposal 4: The UE self-estimated TA accuracy requirement shall be defined as a separate accuracy requirement.

NTN UL timing accuracy 
To maintain the PRACH sequences orthogonally, the residual error committed when TA acquisition is performed should accommodate the following requirement:

Indeed, to ensure a successful PRACH sequences detection, the differential delay between two UEs transmitting within the same RACH occasion should be less than the CP duration (or the GP duration if GP < CP) of the PRACH format considered. This rule applies only when the so-called zero-correlation zone parameter is set to 0. In these conditions, the different sequences used in the cell are generated from Zadoff-Chu sequences corresponding to different root indices.
However, different preambles can also be generated from different cyclic shifts of the same root sequence. Such sequences are orthogonal to each other as long as the relative cyclic shift between two sequences is larger than the differential delay between the preamble receptions. Consequently, when such generated sequences are made available in the cell, the differential delay between two UEs transmitting within the same RACH occasion should also be less than the minimal relative cyclic shift duration within the sequences enable in the cell.
For this reason, it is proposed that for PRACH transmission, the NR NTN UE shall be able to acquire its self-estimated TA with an accuracy better than ± ,  depending on the PRACH format and configuration.
Note that in typical NTN scenarios, the delay spread values can be much lower than in TN (see TR 38.821 and TR 38.811). We can notice that the accuracy targets become more challenging when short preamble formats are considered and/or when the Zero Correlation Zone is set closer to 1. 
Proposal 5: For PRACH transmission, the NR NTN UE shall be able to acquire its self-estimated TA with an accuracy better than ± ,  depending on the PRACH format and configuration.
The needs for NTN-specific PRACH used format (if different from TN), specific PRACH CP, PRACH GP, and zero-correlation zone parameters are for the time being FSS.
In connected mode, the maximum allowed error of the round trip propagation delay estimation should be less than the duration of the cyclic prefix. Therefore, the updated TA should accommodate the following requirement: , and depending on the numerology in use.
Proposal 6: In connected mode, the NR NTN UE shall be able to update its self-estimated TA with an accuracy better than ±  depending on the numerology in use.

Conclusions
Proposal 1: RAN4 should consider the NTN UE transmit timing error requirements to be the same as the ones already specified for TN UEs.
Proposal 2: The NTN UE initial transmission timing error requirement should apply when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
Proposal 3: The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus . Therefore, the UE transmit timing error requirement does not cover the self-TA estimation errors.

Proposal 4: The UE self-estimated TA accuracy requirement shall be defined as a separate accuracy requirement.

Proposal 5: For PRACH transmission, the NR NTN UE shall be able to acquire its self-estimated TA with an accuracy better than ± ,  depending on the PRACH format and configuration.
Proposal 6: In connected mode, the NR NTN UE shall be able to update its self-estimated TA with an accuracy better than ±  depending on the numerology in use.

END

1

image3.png
1[Sept ]

Satellite
with on-board GNSS

SIB
serving Sat ephemeris)

Satellite Orbit acquisi
via (TM)

- I S
L=
GNSS equippe~

UE Y. - .
S/ Sa/}elllte Orbit (e.g. PVT)

/Via proprietary interface

GW: NTN Gateway
NCC:NTN Control Center
PV: Position and Velocity

NCC




