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1. Introduction
In the RAN1 #104b-e meeting [1], the following agreements and conclusions were made for UL time and frequency synchronization in NTN.
	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.

Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.


In this contribution, we discuss on the enhancement on UL time and frequency synchronization in NTN.

2. Discussion
Enhancement on UL time synchronization
2.1.1. Regarding common TA tracking
In RAN1 #104b-e meeting, the equation of timing advance for NR NTN UE, which includes common TA and UE specific TA was agreed. The remaining FFS point is the signaling details of common TA. Basically, it is reasonable that the common TA is provided via higher layer signaling (e.g., SIB1 and/or dedicated RRC signaling). If only common TA value is provided by the network, the UE may not be able to apply appropriate common TA value as time changes. So, the network needs to provide information on reference time corresponding to the common TA.
First of all, in a simple way, the network can explicitly indicate the reference time corresponding to the common TA via the same higher layer singling. In other ways, if the common TA is provided by periodically, the reference time of common TA can be predefined. For example, if the common TA is provided via SIB1, the reference time corresponding to the common TA can be defined as the starting slot timing of SIB1 reconfiguration period. After then, the UE can accurately predict the current common TA using both common TA value and reference time.
Moreover, it can be considered that series of common TA value would be provided by the network in order to apply proper common TA according to time changes at UE side. Also, it could be considered that the network can provide the series of common TA as much as a predefined period (e.g., SIB reconfiguration period).

Proposal 1. Support additional signaling by the network in order to apply proper common TA according to time changes at UE side. Potential solutions can include 
· Alt 1) providing the reference time corresponding to common TA
· Alt 2) providing series of common TA

2.1.2. Regarding TA offset for the TA estimation uncertainty
When the UE estimates the UE specific TA by autonomous manner, an inter-symbol-interference (ISI) may affect to the OFDM symbol of previous slot (or to the PRACH preamble of the previous RO) if the estimation error occurs (e.g., over estimation). Therefore, in order to reduce the effect of this interference, the TA offset can be considered. For example, the size of TA offset can be half of CP length of PRACH format.
Depending on the estimation error size, the approach to fix the TA offset in standard may not fully cover some error cases. In addition, it may not be desirable to fix the TA offset in standard in terms of forward compatibility. Therefore, it is beneficial to consider the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). For example, gNB can provide the TA offset via SIB within pre-defined set of TA offset. 
Furthermore, it can be also considered that the TA offset can be independently corresponding to different ROs (or RO groups). It has the advantage of providing an opportunity to select the RO with appropriate TA offset depending on the UE’s environment (e.g., indoor, underground, etc.).

Proposal 2. Within pre-defined set of TA offsets, the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). 
· The TA offset can be independently corresponding to different ROs (or RO groups)

2.1.3. Regarding report of UE specific TA in initial access procedure
When the UE estimates the TA by autonomous manner, gNB does not know the TA value estimated by the UE. For example, if gNB does not know the UE specific TA, gNB may provide a maximum K-offset value that can be used for the transmission timing of Msg. 3 PUSCH, or for the transmission timing of ACK for Msg. 4 PDSCH. Consequently, the maximum K-offset value increases the time required for RACH procedure and the time required for the UE to access the serving cell.
Regarding this issue, it was discussed that the UE specific TA can be reported to gNB via Msg. 3 PUSCH. If the Msg. 3 PUSCH is received at gNB properly, the gNB can determine suitable K-offset value, and if this value is applicable for indication of transmission timing of ACK for Msg. 4 PDSCH, the time required for RACH procedure can be reduced. However, if the Msg. 3 PUSCH is not received at gNB properly, the gNB can use maximum K-offset value for the re-transmission for Msg. 3 PUSCH. In addition, this TA reporting approach can increase the signaling overhead at UE side.
On the other approach, if the UE specific TA can be reported for gNB during transmission/reception of Msg. 1 preamble and if suitable K-offset value determined based on TA report is applied for transmission timing of Msg. 3 PUSCH, and thus the time required for RACH procedure can be further reduced. As one solution of this approach, it can be considered that the different UE specific TA (or the range of UE specific TA) can be mapped to different ROs (or RO groups). Subsequently, the UE can select the RO if the TA (or the range of TA) mapped to the RO including the TA estimated by the UE. Then, the UE can transmit a PRACH preamble in the selected RO. After that, gNB can identify the TA estimated by UE based on the TA (or the range of TA) of the RO where the PRACH preamble was transmitted.

Proposal 3. Support implicit reporting of UE specific TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).

Details on additional information signaling and reporting
In cases when the additional information (e.g., common TA, satellite ephemeris, etc.) is provided by gNB, it is necessary to be discussed which DL signals and/or channels will provide them. First of all, in case when the UE is in RRC_IDLE and/or RRC_INACTIVE states, it is reasonable to provide the information via semi-static signaling (e.g., SIB). 
However, in case when the UE is in RRC_CONNECTED states, it can be considered that the information is provided by dynamic signaling (e.g., GC PDCCH). Alternatively, it can also be considered that the initial information is provided by semi-static signaling (e.g., SIB or RRC signaling) and after that, the updated information is provided by dynamic signaling (e.g., GC PDCCH).

Proposal 4. 
· At least for the case when the UE is in RRC_IDLE and/or RRC_INACTIVE states, it is reasonable to provide the additional information via semi-static signaling.
· In case when the UE is in RRC_CONNECTED states, it can be considered that the information is provided by dynamic signaling.

Moreover, in case when the UE is in RRC_CONNECTED states, the UE specific TA is necessary to be updated since the UE position and/or satellite ephemeris can be changed. Generally, both the UE initiated update procedures and the network initiated update procedures could be considered. For the first example, the UE can trigger the update of UE specific TA when it deviates from a predefined metric (e.g., UE specific TA threshold), it means that the UE position and/or satellite ephemeris may be changed. For another example, the network can provide the UE specific TA update period, or can indicate to update the UE specific TA via DCI (e.g., DCI for PDCCH order RACH procedure). 
In addition, it can be also considered to introduce the TA timers for validity check in NTN, e.g., common TA and/or UE specific TA. Since the common TA and the UE specific TA are newly introduced parameters to compensate for different links, i.e., feeder link (form reference point to satellite) or service link (from satellite to UE), respectively, so it is beneficial to introduce separate validity timers for common TA and UE specific TA in Rel-17 NTN.

Proposal 5. Support separate validity timers for common TA and UE specific TA in Rel-17 NTN.

Also, it is desirable to report the updated UE specific TA to the network, in order to calculate and/or estimate the appropriate K-offset at network side. As an example of how to report, it can be defined to report every time when the UE updates the UE specific TA, or the network can indicate the reporting periodicity for UE specific TA. Also, the network can indicate to report the UE specific TA via DCI (e.g., DCI for PDCCH order RACH procedure).

Proposal 6. RAN1 should discuss how to report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

Combination of open and closed loop TA control
Before discussing the details for combination of open loop TA control and closed loop TA control, it is necessary to discuss whether open loop control and/or closed loop control will be applied to which TA, i.e., UE specific TA and/or common TA.
First of all, it could be considered to determine the TA control methods depending on the type of TA. For example, the closed loop TA control may be appropriate to common TA (i.e., ), because the common TA can be updated based on the parameter signalled from network (e.g., (series of) common TA (and/or common TA drift rate)). Here, the parameters may be indicated via SIB when the NTN UE is in RRC idle/inactive state, or they may be indicated via SIB and/or dedicated RRC signalling when the NTN UE is in RRC connected state.
For another example, regarding UE specific TA (i.e., ), although the satellite ephemeris are provided from the network, but the open loop TA control may be appropriate to UE specific TA, because it can be updated based on both UE position and satellite ephemeris. Here, similarly as above, the satellite ephemeris may be indicated via SIB when the NTN UE is in RRC idle/inactive state, or they may be indicated via SIB and/or dedicated RRC signalling when the NTN UE is in RRC connected state.

Proposal 7: Define the appropriate TA control method for each TA as follows: 
· Closed loop TA control is applied to common TA (i.e., )
· Open loop TA control is applied to UE specific TA (i.e., )

If the closed loop TA control is applied to common TA, and if the open loop TA control is applied to UE specific TA, each TA can be updated by network and/or UE through independent loops. Here, there may be no problem if open loop TA control and closed loop TA control only update the corresponding TA. Therefore, it is beneficial to support independent TA update for each TA using independent TA control methods.

Proposal 8: Support independent TA update for each TA using independent TA control methods.

However, if the network is allowed to update the total TA using closed loop TA control, unintended conflicts can occur between open loop TA control and closed loop TA control. In such case, the following ways can be considered to solve the confliction.
As a first way, it may be considered that the network indicates the timing window (e.g., period and/or duration, etc.) for updating of corresponding TA. At this point, the timing window may be TA specific, and it should be configured independently. Alternatively, after the UE is indicated to update the TA by closed loop TA control (e.g., common TA and/or TAC), the open loop TA control (e.g., UE specific TA) can be disabled during predefined/configured time duration.
As another way, priority rule can be considered for each TA control method. For example, regarding the priority between open loop TA control (e.g., UE specific TA) and closed loop TA control (e.g., common TA and/or TAC), the closed loop TA control may have a higher priority. Because, basically, it is desirable to follow the indication of network first.

Observation 1: It is desirable to set open loop TA control and closed loop TA control as non-conflicting. If not, the conflicts between both TA control methods may occur, and additional UE behaviour might be necessary.

Satellite ephemeris format
In RAN1 #104-e and RAN1 #104b-e meetings, the satellite ephemeris formats and detail parameters were agreed. In these agreement, two satellite ephemeris formats are considered as follows:
· Set 1: Ephemeris format based on satellite state vectors.
· Set 2: Ephemeris format based on orbital elements.
Agreed detail parameters regarding set 1 are 3-demensional position and velocity vectors, i.e., (x, y, z, vx, vy, vz). In this option, the network needs to provide additional epoch time (i.e., reference time) information along with the above six elements. It may be desirable to provide these information frequently for accurate satellite ephemeris prediction.
Another agreed detail parameters regarding set 2 are Keplerian Orbit Elements (i.e., α, e, ω, Ω, i, M0). In this option, some elements (e.g., α, e, ω, Ω, i) are semi-static (or time invariant) and some elements are not. So, the network can semi-statically configure element such as {α, e, ω, Ω, i}, and provide time variant element such as {M0} periodically.
Regarding this issue, it is still FFS whether to support two sets or just one of them. It is reasonable to down select the one set to reduce both specification work and UE implementation complexity. But, if two sets should be supported in Rel-17 NTN, it is desirable to make one of them as a mandatory feature (another set can be optional feature). For example, based on the signalling overhead perspective at network side, it is beneficial that set 2 would be a mandatory feature (set 1 can be an optional feature). For another example, based on the service compatibility perspective, it is beneficial that option 1 would be a mandatory feature (set 2 can be an optional feature).

Proposal 9. Regarding satellite ephemeris format,
· Support one set to reduce both specification work and UE implementation complexity.
· If two sets need to be supported, only one set should be mandatory feature.

Meanwhile, supporting the validity timing window for satellite ephemeris information can be considered especially for option 1. For example, the network can provide the validity timing window along with satellite ephemeris information. Then, the UE can calculate the UE specific TA using the satellite ephemeris information during validity window. But, if the validity timing window ends, the UE can determine that the latest satellite ephemeris information is no longer valid, so it could be reasonable that network should provide new satellite ephemeris information during the validity timing window.

Proposal 10. Support validity timing window for satellite ephemeris information in Rel-17 NTN.

3. Conclusion
In this contribution, we discussed on the enhancement on UL time and frequency synchronization in NTN. Based on the above discussion, we have following observations and proposals:

Proposal 1. Support additional signaling by the network in order to apply proper common TA according to time changes at UE side. Potential solutions can include 
· [bookmark: _GoBack]Alt 1) providing the reference time corresponding to common TA
· Alt 2) providing series of common TA

Proposal 2. Within pre-defined set of TA offsets, the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). 
· The TA offset can be independently corresponding to different ROs (or RO groups)

Proposal 3. Support implicit reporting of UE specific TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).

Proposal 4. 
· At least for the case when the UE is in RRC_IDLE and/or RRC_INACTIVE states, it is reasonable to provide the additional information via semi-static signaling.
· In case when the UE is in RRC_CONNECTED states, it can be considered that the information is provided by dynamic signaling.

Proposal 5. Support separate validity timers for common TA and UE specific TA in Rel-17 NTN.

Proposal 6. RAN1 should discuss how to report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

Proposal 7: Define the appropriate TA control method for each TA as follows: 
· Closed loop TA control is applied to common TA (i.e., )
· Open loop TA control is applied to UE specific TA (i.e., )

Proposal 8: Support independent TA update for each TA using independent TA control methods.

Observation 1: It is desirable to set open loop TA control and closed loop TA control as non-conflicting. If not, the conflicts between both TA control methods may occur, and additional UE behaviour might be necessary.

Proposal 9. Regarding satellite ephemeris format,
· Support one set to reduce both specification work and UE implementation complexity.
· If two sets need to be supported, only one set should be mandatory feature.

Proposal 10. Support validity timing window for satellite ephemeris information in Rel-17 NTN.
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