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1 Introduction
RAN1 has been studying the issue of UL time and frequency synchronisation in NTN following the study [1].
In RAN1#103e, the following agreements were made [2]:
Agreement:
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
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
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.

In RAN1#104-e, the following was further agreed on UL time synchronization [3]:
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

Conclusion:
It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation

In RAN1#104b-e, the following was further agreed on UL time synchronization [4]:
Agreement:
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.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.

In RAN1#106-e, the following working assumption and agreements were made on UL time synchronization [5]:
[bookmark: _Hlk81237118]Working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network

Based on the above agreements, during the RRC_IDLE and RRC_INACTIVE states, the UE can calculate its timing advance (TA) from a combination of information broadcast to the UE by the network and a UE estimated delay based on its GNSS position. During RRC_CONNECTED state however, RAN1#104bis-e left the update and accumulation of  UE   as FFS. The UE   may be updated by both self-estimation from the UE GNSS-acquired position and the serving satellite ephemeris (open loop TA update) and from TACs issued by the network (closed loop TA update). Given the availability of open and closed loop     updates at the UE during RRC_CONNECTED state, there is an issue of how the UE uses both updates to derive an accurate TA for its UL synchronisation
For NGEO NTN, the high orbital speed of the satellite means that the TA will change rather more rapidly than in terrestrial networks therefore necessitating frequent closed loop TA updates from the network. Such TACs, besides consuming transmission resources, may also not be current enough when they arrive at the UE because of the large propagation delay between the gNB and the UE. TA variation due to satellite movement is quite predictable and this can be configured to the UE as a TA drift to minimise the frequency of TACs from the network.
In this contribution we discuss what in our view needs consideration in setting combining rules that the UE can use to combine the open and closed loop    updates. We also demonstrate, through a presentation of simulation results, the impact on throughput of configuring a TA drift parameter to the UE that can be used for updating the closed and open loop TAs without the need for frequent TACs. We also discuss what additional considerations are needed to complete the design of ephemeris information validity.
2 Discussion
2.1 Derivation of TA Error
Part of the TA arises from the orbital height of the satellite. The network may calculate this height at any time from the ephemeris information of the satellites. The network may also derive this height from an explicit location report of the satellite position. The full TA arises from the RTT between the gNB and the UE. The network, knowing the location of the satellite (estimated from the ephemeris or derived from location measurements such as onboard GNSS), the location of the gNB (or the reference point) and the location of the UE can calculate the RTT and therefore derive a TA correction (TAC) to signal to the UE. In RRC_CONNECTED state, the network can also command a RACH from the UE and detect the TA error from the arrival time of the preamble. 
The UE has a current TA that it has been using for UL transmissions. With knowledge of its current GNSS location, the satellite ephemeris information and feeder link delay (or delay from the reference point to the satellite), the UE can also calculate its current TA error in an open loop manner. In the RAN1#104e agreement, a UE having both the open and closed loop TA errors should be able to combine these to get a more accurate TA value to apply in its UL transmissions. How this is done was left for further studies from RAN1#104bis-e.
2.2 Time dependent accuracy of TA calculation
The closed loop TA is derived at the gNB and signalled to the UE for example via a TAC. Given the large propagation time between the gNB and UE in NTN, during the time it takes for the TAC to arrive and be decoded at the UE, the propagation delay between the UE and gNB may have changed because of any relative movements between the satellite and the UE. This makes the TA already stale and so inaccurate at the time it is decoded. In order to conserve UE battery power, the network may configure the UE to send location reports to the network only at long intervals or when commanded. The accuracy of the closed loop TA derived using a UE GNSS location report will therefore depend on the time between the UE location report and when the network used the reported UE location to calculate the TA. 
Similarly, at the UE, the inputs for calculation of its open loop TA include the GNSS location of the UE, satellite location either derived from the ephemeris information or explicitly signalled and the feeder link delay that may be configured using a common timing offset. The accuracy of the open loop TA therefore also depends on both the accuracy of these parameters and the elapsed time since they were derived and/or transmitted to the UE.
Observation 1: The accuracy of both open and closed loop TAs is impacted by the age of the parameters used in their calculation.
When the UE has both closed and open loop TAs, one may be more accurate than the other. This relative accuracy may arise from the age of the respective TAs i.e. when each TA was calculated.
Proposal 1: In setting combination rules, RAN1 should consider the relative age of open versus closed loop TAs.
When a particular parameter e.g. UE location needed for TA calculation is time varying, it may be useful to derive that parameter as close as possible to the time that it would be used. For example, the UE may be configured to derive its location for use in calculating its open loop TA just prior to any UL transmissions. Furthermore, knowing the rate of change of a given parameter such as the satellite location in NGEO NTN, the calculation can be done using a value of the parameter extrapolated to the time when the TA would be used. To gauge the age of the TA in a TAC, the UE may also need to know the time at which the TA was calculated.
Observation 2: Changes in satellite location due to orbital movement affect the propagation delay of the feeder link and can be configured to the UE as a drift rate.
Proposal 2: RAN1 should consider indicating the time at which a closed loop TA was calculated to the UE.
2.3 [bookmark: _Hlk510094111][bookmark: _Hlk20829509]Coping with timing drift due to satellite movement
In RAN1#106-e meeting, working assumption which is to indicate timing drift for common TA was made. In [6], we evaluated the beam-specific timing drift rate and showed the throughput gain from the UE knowledge of the timing drift rate without needing large additional overhead to provide the information. So, we propose to confirm the working assumption.
Proposal 3: Confirm the working assumption that common TA may include parameter(s) indicating timing drift.
In the RAN1#104b-e meeting, we agreed how to update the open loop TA due to satellite movement. When timing advance can be calculated as in equation (1) below, then the timing drift for common TA can be applied as in equation (2). After the UE receives the signalling of common TA and the timing drift, the UE can update the common TA with Eq. (2) before using the common TA to compute the actual TA to apply when the UE transmits uplink data using equation (1). 
					(1)
					(2)
where:
	 and  are defined as in Release-16.
	  is UE self-estimated TA to compensate UE-specific TA.
	 is network-controlled common TA.
 is specified in TS 38.211 section 4.1. 
 is indicated common TA value by gNB
 is timing drift for common TA
 is transmission time after signaling common TA
Proposal 4: UE should update the common TA with timing drift for common TA when UE transmits uplink data.
2.4 Granularity of common TA
In RAN1#106-e meeting, we discussed about granularity of common TA and made draft proposal as below. We discuss the pros and cons of each options.
· [bookmark: _Hlk83649526]If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be:
· Option 1 : The same as the granularity of NTA, i.e., (16∙64)/2μ ∙Tc.
· Option 2 : 64/2μ ∙Tc
For option 1, granularity of common TA is same as the NTA. This means that the specification impact is less than option 2 which is different granularity from NTA. On the other hand, granularity of option 2 is finer than option 1. Therefore, timing error of option 2 could be less than option 1.
We calculated timing error rate in LEO-600km and stationary UE case. We defined that the timing error rate is (The number of sample of timing errors) / (The number of sample of CP). We assumed common TA can be calculated from indicated common TA and timing drift. At zero second, common TA assumed to be ideal value by indicated common TA. Then, we consider that common TA is calculated by timing drift for ten seconds. And we also assumed that UE self-estimated TA is always ideal.
Below figure is result of maximum timing error rate [%] per initial elevation angle between satellite and terrestrial gNB. When initial elevation angle is 90 degrees, results from both options are the same. However, maximum timing error rate of option 1 increases if the initial elevation angle is low. On the other hand, in option 2, maximum timing error rate stays under 1%. This is caused by quantization error and variation of propagation delay in LEO satellite systems. Because the granularity of option 2 is finer than option 1, option 2 can keep low timing error rate.
Each option can keep the timing error rate within CP length. However, we think the timing error caused by common TA errors should be reduced as much as possible because service link inaccuracy could be an additional source of timing error. Therefore, we propose to support option 2.
Proposal 5: If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be 64/2μ ∙Tc.
    [image: ]
Figure 1: Timing error rate

2.5 Ephemeris Validity
On ephemeris information validity, we think the UE requires three pieces of information to calculate the remaining validity time of any ephemeris information it reads from the SI.
· Epoch time (T0) – when was this ephemeris information first generated
· Validity duration (TD) – what was the expected validity of the information when it was first generated.
· Current time (t) – the time at which the UE reads the ephemeris information from the SI. 
With these three pieces of information, the UE can calculate the remaining validity time as:
 tv = TD – (t - T0). 
According to the RAN1#106e agreement, the validity duration (TD)  shall be configured by the network and broadcast in the SI. According to the second agreement, it is FFS whether the epoch time (T0) is given by an implied rule or is indicated by the network. One implied rule that has been discussed in the past was to consider T0 to be the start time of the frame, subframe or slot in which the SIB carrying the ephemeris is transmitted and so does not need to be explicitly configured. If this is the case, then the UE needs to know the gNB-UE RTT in order to calculate the actual frame, subframe or slot number at the gNB at the time that the UE receives the SIB carrying the ephemerisof t = (T0 + (number of repetition)*si_periodicity + RTT/2) where the si_periodicity is configured in SIB1. The number of repetitions is not readily available to the UE. Furthermore, under some circumstances e.g. RRC-Idle state, the UE may not have enough information to calculate the gNB-UE RTT by the time it reads the SI. It may therefore be better to include the epoch time explicitly in the system information. 
Proposal 6: Support explicit configuration of ephemeris validity epoch time..
3	Conclusions
In this contribution, we discussed the considerations for deciding combining rules for open and closed loop TAs. We also discussed the need for TA adjustment at UE side with timing drift rate in order to reduce the frequency of TACs. We observed and proposed as follows:

Observation 1: The accuracy of both open and closed loop TAs is impacted by the age of the parameters used in their calculation.
Proposal 1: In setting combination rules, RAN1 should consider the relative age of open versus closed loop TAs.
Observation 2: Changes in satellite location due to orbital movement affect the propagation delay of the feeder link and can be configured to the UE as a drift rate.
Proposal 2: RAN1 should consider indicating the time at which a closed loop TA was calculated to the UE.
Observation 3: Applying beam-specific timing drift rate can improve the throughput approximately 15% compared to the case of no timing drift rate.
Proposal 3: Confirm the working assumption that common TA may include parameter(s) indicating timing drift.
Proposal 4: UE should update the common TA with timing drift for common TA when UE transmits uplink data.
Proposal 5: If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be 64/2μ ∙Tc.
Proposal 6: Support explicit configuration of ephemeris validity epoch time
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