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1. Introduction
[bookmark: _GoBack]In RAN#102-e meeting, the core part requirements for NTN UE timing has been completed, and the WF on NTN UE timing requirements was approved in [1]. In this contribution, we discuss the performance requirements for NTN UE timing and provide our proposals.
2. Discussion
Clarification on NTA,UE-specific and NTA,common
	· Option 1: (Apple, Huawei, Ericsson, ZTE, LGE)
· Use the definition agreed in RAN1 for NTA,UE-specific and NTA,common, and no need to have additional clarification on NTA,UE-specific and NTA,common.
· Option 2: (Qualcomm, THALES)
· A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is S3 + S4, where
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and Eckstein Hechler based propagator model
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
· Option 4: (CMCC, Xiaomi)
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.


According to RAN1 agreements, the timing advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  is a fixed offset used to calculate the timing advance. 
Since RAN1 has defined the definition for  and , RAN4 does not need to have further clarify the definition for  and . However, the value of  is calculated based on the valid ephemeris information and GNSS signal. If the reference timing including the value of  consider the error due to the calculation of , this error would be counted twice in the requirement, thus, we think the value of  used to determine the reference timing should be the ideal value without error. And for, it is determined by the configured parameters for common TA which should be considered as the ideal value without calculation error.
Proposal 1: The definition of  and  shall follow the definition agreed in RAN1, and the value of  and  used to determine the reference timing should be the value without estimation/calculation error.
Clarification on downlink timing of the reference cell
In last meeting, RAN4 discussed whether it is necessary to clarity the downlink timing of the reference cell. In the spec, the downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing is received from the reference cell at the UE antenna. And there is no need to clarify the correspondence between DL slot and UL slot, since it depends on the TDD UL/DL configuration. In addition, RAN4 does not specify that the UL slot should use a specific DL slot to determine its UL timing. In summary, the existing definition of downlink timing can be reused in NTN. In test design, once the TDD configuration and TA parameter are configured, the gap between DL slot and UL slot is determined. 
Proposal 2: The existing definition of downlink timing defined in TS38.133 is reused in NTN scenario.
Test cases list
The test cases list for NTN UE timing requirements are proposed in table 1 as follows：
Table 1: Test cases list for NTN UE timing requirements
	TC index
	TC
	Purpose
	Section ID

	1
	NTN UE transmit timing test
	To verify the UE can follow frame timing change of the connected gNB and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits.
	A.14.x1.1

	2
	NTN UE timing advance adjustment accuracy test
	To verify the UE Timing Advance adjustment delay and accuracy requirement.
	A.14.x2.2


Proposal 3: The test cases list for NTN UE timing requirements are proposed in table as follows：
	TC index
	TC
	Purpose
	Section ID

	1
	NTN UE transmit timing test
	To verify the UE can follow frame timing change of the connected gNB and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits.
	A.14.x1.1

	2
	NTN UE timing advance adjustment accuracy test
	To verify the UE Timing Advance adjustment delay and accuracy requirement.
	A.14.x2.2



3. Conclusion
In this contribution, we discuss the performance requirements for NTN UE timing and the proposals are provided as follows:
Proposal 1: The definition of  and  shall follow the definition agreed in RAN1, and the value of  and  used to determine the reference timing should be the value without estimation/calculation error.
Proposal 2: The existing definition of downlink timing defined in TS38.133 is reused in NTN scenario.
Proposal 3: The test cases list for NTN UE timing requirements are proposed in table as follows：
	TC index
	TC
	Purpose
	Section ID

	1
	NTN UE transmit timing test
	To verify the UE can follow frame timing change of the connected gNB and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits.
	A.14.x1.1

	2
	NTN UE timing advance adjustment accuracy test
	To verify the UE Timing Advance adjustment delay and accuracy requirement.
	A.14.x2.2
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