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Introduction
In RAN4#98-e meeting, RAN4 discussed on how to define the timing requirements for NTN network, which includes the following aspects:
	· How to capture the UE specific TA estimation accuracy
· How to define Te requirements
· How to define gradual timing adjustment requirements
· How to define TA adjustment accuracy requirements
· How to define NTA-offset requirements


In this contribution, we provide further 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]In RAN4, three options have been captured in [1] on how to define the timing related requirements for NTN networks.
	· 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 accracy.
· 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.
· UE self-estimating accuracy is derived from the accuracy of UE GNSS-acquired position and the serving satellite position 
· Other option is not precluded


It can be observed that RAN4 needs to determine on how to capture the UE specific TA estimation accuracy firstly, which would impact how to define Te, gradual timing adjustment (Tq/Tp) and TA adjustment accuracy requirements.
The following agreements on NTN have been achieved in RAN1#104-e meeting.
	Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
· FFS: Operation of closed loop and open loop TA control
Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
· FFS: Details of the combination of open and closed loop TA control


The UE would calculate TA based on three inputs including UE specific TA, common TA and TA command. The values of common TA and TA command are network controlled and the calculation is based on the network signaling. The common TA is supposed to be broadcasted by the gNB, and whether to broadcast an associated common TA drift rate was discussed in RAN1. If an associated common TA drift rate would be indicated, then the common TA value applied on each slot could be calculated by the broadcasted common TA and common TA drift rate. The common TA values applied on different slots would be different, but the common TA value applied on a certain slot is expected. The change of common TA value over time under the same common TA drift rate does not depend on UE capability/implementation and will not be specified in TS38.133. In this contribution, the timing requirements for NTN network are discussed with the assumption that there is no updating for network controlled TA signaling.
For Option 1, the UE specific TA estimation error is counted into the UE transmit timing error. The UE transmit timing error Te shall include the downlink timing estimation error and the UE specific TA estimation error, and the existing Te requirements cannot be reused for NTN network. If the downlink timing information is assumed to be estimated on SSB signals, then relaxed Te requirements need to be defined for NTN network. If the downlink timing information is assumed to be derived from GNSS signals, then new Te requirements need to be defined for NTN network. The UE specific TA updating will cause the uplink transmit timing adjustment, which can be regarded as UE autonomous timing adjustment. RAN4 need to discuss whether the UE to perform gradual timing adjustment or to perform one-shot timing adjustment. The UE specific TA is derived from the estimated propagation delay between the serving satellite and the UE, and the change of UE specific TA is continuous in time. The value of UE specific TA change is related to the length of its observing time, e.g., the value of UE specific TA change observed within 1 second would be larger than the value of UE specific TA change observed within 200ms in same scenario. Hence, the UE autonomous timing adjustment due to UE specific TA change can be performed by gradual timing adjustment. The existing Tq/Tp requirements for TN network are derived from downlink timing drift and digRF error. Then, the Tq/Tp requirements for NTN network can be derived from downlink timing drift, UE specific TA change and digRF error. The UE performs TA adjustment due to network indication (new common TA indication or TA command indication). The existing TA adjustment accuracy requirements for TN network can be reused for NTN network.
For Option 2, the UE specific TA estimation error is counted into the timing advance adjustment error. Then, the total TA includes network control TA and UE specific TA. For network control TA, the TA adjustment error is the uncertainty due to uplink timing quantization. For UE specific TA, the TA adjustment error is the UE specific TA estimation error. Hence, the total TA adjustment error includes both quantization uncertainty and UE specific TA estimation error. The UE would perform TA adjustment either due to network indication or due to UE specific TA updating. For UE specific TA updating, the UE autonomous TA adjustment requirements need to be introduced. The UE transmit timing error is related to the downlink timing estimation error. The existing Te requirements for TN network can be reused for NTN networks if the downlink timing is estimated on SSB signals, otherwise new Te requirements need to be defined. According to downlink timing, UE performs autonomous uplink timing adjustment when the total timing advance is unchanged. Since downlink timing drift is related to the distance between UE and serving satellite and higher relative speed needs to be considered, new Tq/Tp requirements need to be defined for NTN networks. 
For Option 3, the UE specific TA estimation accuracy is defined as a separate accuracy requirements. For NTN network, the existing Te requirements for TN networks can be reused for SSB based DL timing estimation and new Te requirements need to be defined for GNSS based DL timing estimation. Due to higher relative speed, new Tq/Tp requirements need to be defined for NTN networks. There are two types of TA, network control TA and UE specific TA. For network control TA, the existing TA adjustment requirements can reused. For UE specific TA, the corresponding TA estimation accuracy and UE autonomous TA adjustment requirements need to be introduced.
For each option, how to define the timing requirements for NTN networks can be summarized in Table 1.
Table 1: Timing requirements for NTN network
	Option
	Timing requirements
	How to define

	1
	UE initial transmit timing error
	· Define Te requirements with considering of both DL timing estimation accuracy and UE specific TA estimation accuracy.
· Option 1a: Define relaxed Te requirements if DL timing is estimated based on SSB signals.
· Option 1b: Define new Te requirements if DL timing is derived from GNSS signals.

	
	UE autonomous timing adjustment
	· Define new Tq/Tp requirements with considering of both DL timing drift and UE specific TA change, due to relative movement between UE and serving satellite.

	
	TA 
	· Reuse the existing TA adjustment accuracy requirements with considering of UL timing quantization accuracy.

	2
	UE initial transmit timing error
	· Define Te requirements with considering of DL timing estimation accuracy
· Option 2a: Reuse the existing Te requirements if DL timing is estimated based on SSB signals.
· Option 2b: Define new Te requirements if DL timing is derived from GNSS signals.

	
	UE autonomous timing adjustment
	· Define new Tq/Tp requirements with considering of DL timing drift due to relative movement between UE and serving satellite.

	
	TA
	· Define new TA adjustment accuracy requirements with considering of both UL timing quantization accuracy and UE specific TA estimation accuracy.
· Introduce UE autonomous TA adjustment requirements, including adjustment step and adjustment rate.

	3
	UE initial transmit timing error
	· Define Te requirements with considering of DL timing estimation accuracy
· Option 3a: Reuse the existing Te requirements if DL timing is estimated based on SSB signals.
· Option 3b: Define new Te requirements if DL timing is derived from GNSS signals.

	
	UE autonomous timing adjustment
	· Define new Tq/Tp requirements with considering of DL timing drift due to relative movement between UE and serving satellite.

	
	Network control TA 
	· Reuse the existing TA adjustment accuracy requirements in considering of UL timing quantization accuracy.

	
	UE specific TA 
	· Introduce UE specific TA estimation accuracy.
· Introduce UE autonomous TA adjustment requirements, including adjustment step and adjustment rate.


Since UE specific TA is not a reported measurement quantity, the UE specific TA estimation accuracy could not be verified separately. So, option 1 or option 2 is suggested to be used to define timing related requirements for NTN networks.
Proposal 1: It is suggested that UE specific TA estimation error is counted into UE transmit timing error or TA adjustment error.
Proposal 2: If UE specific TA estimation error is counted into UE transmit timing error, the following timing requirements need to be specified for NTN networks.
· UE initial transmit timing error (Te) requirements
· Option 1a: Define relaxed Te requirements if DL timing is estimated based on SSB signals.
· Option 1b: Define new Te requirements if DL timing is derived from GNSS signals
· UE autonomous timing adjustment (Tq/Tp) requirements
· Define new Tq/Tp requirements with considering of both DL timing drift and UE specific TA change, due to relative movement between UE and serving satellite.
· TA requirements
· Reuse the existing TA adjustment accuracy requirements with considering of UL timing quantization accuracy.
Proposal 3: If UE specific TA estimation error is counted into TA adjustment error, the following timing requirements need to be specified for NTN networks.
· UE initial transmit timing error (Te) requirements
· Option 2a: Reuse the existing Te requirements if DL timing is estimated based on SSB signals.
· Option 2b: Define new Te requirements if DL timing is derived from GNSS signals
· UE autonomous timing adjustment (Tq/Tp) requirements
· Define new Tq/Tp requirements with only considering of DL timing drift due to relative movement between UE and serving satellite.
· TA requirements
· Define new TA adjustment accuracy requirements with considering of both UL timing quantization accuracy and UE specific TA estimation accuracy.
· Introduce UE autonomous TA adjustment requirements, including adjustment step and adjustment rate.

Conclusions
This contribution provides the discussion on how to define UE timing related requirements for NTN UE. The following are provided:
Proposal 1: It is suggested that UE specific TA estimation error is counted into UE transmit timing error or TA adjustment error.
Proposal 2: If UE specific TA estimation error is counted into UE transmit timing error, the following timing requirements need to be specified for NTN networks.
· UE initial transmit timing error (Te) requirements
· Option 1a: Define relaxed Te requirements if DL timing is estimated based on SSB signals.
· Option 1b: Define new Te requirements if DL timing is derived from GNSS signals
· UE autonomous timing adjustment (Tq/Tp) requirements
· Define new Tq/Tp requirements with considering of both DL timing drift and UE specific TA change, due to relative movement between UE and serving satellite.
· TA requirements
· Reuse the existing TA adjustment accuracy requirements with considering of UL timing quantization accuracy.
Proposal 3: If UE specific TA estimation error is counted into TA adjustment error, the following timing requirements need to be specified for NTN networks.
· UE initial transmit timing error (Te) requirements
· Option 2a: Reuse the existing Te requirements if DL timing is estimated based on SSB signals.
· Option 2b: Define new Te requirements if DL timing is derived from GNSS signals
· UE autonomous timing adjustment (Tq/Tp) requirements
· Define new Tq/Tp requirements with only considering of DL timing drift due to relative movement between UE and serving satellite.
· TA requirements
· Define new TA adjustment accuracy requirements with considering of both UL timing quantization accuracy and UE specific TA estimation accuracy.
· Introduce UE autonomous TA adjustment requirements, including adjustment step and adjustment rate.
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