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Introduction
This contribution proposes further clarification for the open Issue 1-2, according to “WF on GNSS-related and timing requirements for NR NTN” [1].

Issue 1-2: The 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.



Discussion

Regarding the Options agreed in R4-2206903, first we note the following RAN1 agreed definitions [2]:
N_(TA,UE-specific)  = “UE self-estimated TA to pre-compensate for the service link delay.” 
N_(TA,common) = “network-controlled common TA, and may include any timing offset considered necessary by the network.”
Therefore, we do not see any reasons why RAN4 would need to re-define or further clarify the RAN1 agreed definitions of N_(TA,UE-specific) or N_(TA,common) [2].
Proposal 1: RAN4 to adopt Option 1 and use the agreed RAN1 definition and assumptions for both N_(TA,UE-specific) and N_(TA,common).
The common delay parameters are defined as a network controlled offset that was introduced to cover for the large feeder link delay values [3]. Agreement (RAN1#107-e)
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time (  used for   calculation as follows:



Where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameter defined in RAN1 Meeting #106-bis-e
· is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.



Observation 1: According to  RAN1 agreements, the reference target time for UL reception at the target satellite is given by the reference DL time at the satellite plus the network controlled offset, indicated in the common delay parameters
RAN1 however did not specify the requirements for the time of application of such values. The values for N_(TA,UE-specific)  and N_(TA,common) are dependent on the instant the UE calculates the relative UE-Satellite distance (for N_(TA,UE-specific) ) and on the current epoch value used for calculating the common delay parameters (for N_(TA,common)). How and when these values are updated at the UE side are not specified in RAN1 and are left for UE implementation. For common delay, the network provides a reference instant (epoch time), given by the start of a DL subframe, plus first (TACommon), second (TACommonDrift) and third order (TACommonDriftVariation) derivatives, that enable the UE to calculate the expected common delay at a future point.  

Agreement (RAN1#107-e)
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.










The UE is in charge of applying N_(TA,UE-specific) and  N_(TA,common) such that its UL transmission is received at the target UL reference time. 
Observation 2: According to RAN1 agreements, the expected behavior of the UE is such the values of  N_(TA,UE-specific) and  N_(TA,common) are maintained by the UE, in order to maintain the received time of the first symbol of the UL slot, within an error margin T_e from the reference target time for UL at the satellite. 
Observation 3: In RAN1 discussion it was left for FFS what is the UE behavior when the aggregate  N_(TA,UE-specific) +  N_(TA,common) increase between consecutive slots the UE is scheduled to transmit on.

Furthermore, in Option 2, the proposal is to (re)define of the reference timing  N_(TA,UE-specific) as being the sum of two delay components, S3 + S4, both estimated based on the Eckstein Hechler propagator model. However, in our understanding, and according to RAN1 agreements, the calculation of the N_(TA,UE-specific)  is UE implementation specific based on parameters provided from the serving cell [2][3] . In RAN2 the same assumption is made as in RAN1. Hence, RAN4 should not need to specify the use of any specific propagator model (Eckstein Hechler) as reference for UE requirements.
In Option 2, the proposed definition for N_(TA,common) is the same as the one already agreed in RAN1. Nevertheless there is need for further clarification on the use of “F3+F4” terms. In case these refer to similar components as the S3 and S4 described for N_(TA,UE-specific), then a similar argument can be raised.
Observation 4: In Option 2, the proposed definition for N_(TA,common) is the same as the one already agreed in RAN1. However, the use of the “F3 + F4” requires further clarification.
Proposal 2: RAN4 should not mandate the use of a specific reference propagator model in the UE for the estimation of the N_(TA,UE-specific) or N_(TA,common).

Conclusion
In this contribution we propose the following:
Proposal 1: RAN4 to adopt Option 1 and use the agreed RAN1 definition and assumptions for both N_(TA,UE-specific) and N_(TA,common).
Proposal 2: RAN4 should not mandate the use of a specific reference propagator model in the UE for the estimation of the N_(TA,UE-specific) or N_(TA,common).
and have the following observations:
Observation 1: According to  RAN1 agreements, the reference target time for UL reception at the target satellite is given by the reference DL time at the satellite plus the network controlled offset, indicated in the common delay parameters.
Observation 2: According to RAN1 agreements, the expected behavior of the UE is such the values of  N_(TA,UE-specific) and  N_(TA,common) are maintained by the UE, in order to maintain the received time of the first symbol of the UL slot, within an error margin T_e from the reference target time for UL at the satellite. 
Observation 3: In RAN1 discussion it was left for FFS what is the UE behavior when the aggregate  N_(TA,UE-specific) +  N_(TA,common) increase between consecutive slots the UE is scheduled to transmit on.
Observation 4: In Option 2, the proposed definition for N_(TA,common) is the same as the one already agreed in RAN1. However, the use of the “F3 + F4” requires further clarification.
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