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

Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.

Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported


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. Autonomous TA acquisition at UE side
Before technical discussion, it is necessary to define some terminologies to remove the ambiguity. In this sub-section (i.e., section 2.1.1), following terminologies are defined as below:
· Reference point: Defined as the point w.r.t. which the TA is computed at UE side
· Common TA(common timing offset): Reference point to satellite RTD (Round-trip delay)
· UE specific TA: Satellite to UE RTD
· Total TA: Common TA + UE specific TA

· Regarding UE specific TA calculation
In previous meetings, it was agreed that an NTN UE in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states can calculate the UE specific TA based on its GNSS-acquired position and the serving satellite ephemeris. On the other hand, some companies proposed to support another option that the UE specific TA calculation based on the reference time information provided by the network and reference time acquired by the GNSS.
However, in Rel-17 NTN, it is not preferred to support this reference time based option. This is because, first of all, supporting two options for UE specific TA calculation has disadvantages in terms of UE implementation complexity. In addition, in order not to increase the specification work/impact, it is desirable to support the unified solution regarding both the UE specific TA calculation and the frequency pre-compensation for the service link. Therefore, the option of UE-specific TA calculation based on reference time is not supported in Rel-17 NTN.

Proposal 1. The option of UE-specific TA calculation based on the time difference between the reference time provided by network and the reference time acquired by the GNSS is not supported in Rel-17 NTN.

· Regarding reference point
The common timing offset is a value to compensate for the round trip delay between the reference point and the satellite. If the reference point is located somewhere other than the satellite, it is required that the common timing offset is indicated by network. On the other hand, the reference point is located at the satellite, common timing offset can be set as ‘0’. In RAN1 103e meeting, it was agreed that the network may broadcast a common timing offset, but there is an ambiguity regarding reference point. Therefore, it is necessary to discuss how to determine the location of reference point.
As we mentioned in our companion contribution for 8.4.1 [2], additional complexity is needed at network side to manage corresponding scheduling timing when UL/DL frame timing is not aligned. In this sense, we slightly prefer to prioritize NTN designs that support systems where DL and UL are aligned at the gNB.

Proposal 2. Prioritize NTN designs that the reference point is located at the gNB. (i.e., DL timing and UL timing are aligned at the gNB)

· Regarding common timing offset
In RAN1 104e meeting, the updated proposal regarding common timing offset was suggested as follows.
	Updated proposal 1-1 

The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

When common TA is indicated by the Network:


Where:
·  and  are defined as in Release-16.
·   is UE self-estimated TA
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
· FFS:  Signaling and the granularity of 
· FFS: When common TA is not indicated

-        Note-1: Definition of  is different from that in   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: This agreement does not preclude aligned DL & UL timing at gNB or unaligned DL & UL timing at gNB with decision up to future discussion if any.
-        Note-4:  is the common timing offset as agreed in RAN1 #103-e


Above proposal was suggested to make the agreement in RAN1 103-e meeting clearer. Specifically, it has been proposed to modify the previous agreement so that the parameters used in Rel-16 NR can be reused. Basically, for the sake of progress, we support the above updated proposal. 

Proposal 3. Support the latest updated proposal 1-1 in R1-2102215 [3]. 

On top of that, the signaling details of common timing offset are FFS. Basically, it is reasonable that the common timing offset is provided via higher layer signaling (e.g., SIB1 and/or dedicated RRC signaling). If only common timing offset value is provided by the network, the UE may not be able to apply appropriate common timing offset value as time changes. So, the network needs to provide information on reference time corresponding to the common timing offset.
First of all, in a simple way, the network can explicitly indicate the reference time corresponding to the common timing offset via the same higher layer singling. In other ways, if the common timing offset is provided by periodically, the reference time of common timing offset can be predefined. For example, if the common timing offset is provided via SIB1, the reference time corresponding to the common timing offset can be defined as the starting slot timing of SIB1 reconfiguration period. After then, the UE can accurately predict the current common timing offset using both common timing offset value and reference time.
Moreover, it can be considered that series of common timing offset value would be provided by the network in order to apply proper common timing offset according to time changes at UE side. Also, it could be considered that the network can provide the series of common timing offset as much as a predefined period (e.g., SIB reconfiguration period).

Proposal 4. Support additional signaling by the network in order to apply proper common timing offset according to time changes at UE side. Potential solutions can include 
· Alt 1) providing the reference time corresponding to common timing offset
· Alt 2) providing series of common timing offset

· 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 5. 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)

· Regarding TA report
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.
[bookmark: _GoBack]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 6. Support implicit reporting of TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).

2.1.2. TA adjustment based on network indication
In this sub-section (i.e., Section 2.1.2), the following terminologies are defined as below (which are defined as TR38.821 for NTN SI [4]):
· Reference point: Located at specific place in cell coverage
· Common TA: Reference point to {service link + feeder link} RTD (Round-trip delay)
· UE specific TA: Time difference between satellite to reference point RTD and satellite to UE RTD
· Total TA: Common TA + UE specific TA

· Scenarios requiring the TA from gNB
In general, GNSS-equipped UE can obtain its own location and reference time through GNSS. However, if GNSS-equipped UE is in a particular situations (e.g., indoor, underground, etc.), it may be hard to obtain the accurate location and reference time because the accuracy of the GNSS may be degraded. Therefore, it is desirable to support the TA indication from gNB as an alternative way to acquiring accurate TA.
Meanwhile, it was agreed that the K_offset is provided by system information in previous meeting. When the K_offset is provided via system information, gNB can calculate and provide the K_offset based on the reference point. Therefore, it can be considered that the common TA is calculated based on K_offset in case when the UE cannot estimate the accurate TA.

Proposal 7. It is desirable to support the TA indication from gNB, because the accuracy of the GNSS can be degraded in specific scenario such as indoor, underground, etc.

Proposal 8. It can be considered that the common TA is calculated based on K_offset in case when the UE cannot acquire the accurate TA.

· TA command field in RAR
Since gNB provides the common TA (i.e., service link + feeder link) based on the reference point and the UE specific differential TA in RAR, the UEs can acquire the full TA based on the above information. Here, some companies suggested that the negative value is necessary for TA command in RAR, but if gNB provides the common TA appropriately, it seems that there is no problem with using only positive value for TA command in RAR. 
Moreover, it is reasonable to enhance the step size of TA command in RAR because the cell coverage is larger than terrestrial networks (TN). However, if step size of TA command in RAR is too large, gNB may not be able to provide the accurate TA to UE. Therefore, it is necessary to determine the appropriate TA step size, and as an alternatives, the multiple reference points can be considered. 

Proposal 9. Regarding TA command in RAR, support enhancement approaches to cover large cell coverage.
· Increase the step size of TA command field in RAR.
· Support multiple reference points.

2.1.3. Details on additional information signaling and reporting
In cases when the additional information (e.g., common timing offset, etc.) is provided by gNB, it is necessary to be discussed which DL signals and/or channels will provide the. 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) and after that, the updated information is provided by dynamic signaling (e.g., GC PDCCH).

Proposal 10. 
· 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 provide the TA timer for validity check of UE specific TA. Also, the network can indicate to update the UE specific TA via DCI (e.g., DCI for PDCCH order RACH procedure). 
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 11. RAN1 should discuss how to update and/or report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

Satellite ephemeris format
In the previous meeting, the satellite ephemeris formats were agreed. In this agreement, two satellite ephemeris formats are considered as follows:
· Option 1: Ephemeris format based on satellite state vectors.
· Option 2: Ephemeris format based on orbital elements.
One example regarding option 1, 3-demensional position and velocity vectors, i.e., (x, y, z, vx, vy, vz) can be considered. In this example, the network needs to provide additional epoch time (reference time) information along with the above six elements. It may be desirable to provide these information frequently for accurate satellite ephemeris prediction.
Another example regarding option 2, Keplerian Orbit Elements (a, e, ω, Ω, i, M0 (or ν)) can be considered. In this example, some elements (e.g., a, 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 {a, e, ω, Ω, i}, and provide time variant element such as {M0 (or ν)} periodically.
Regarding this issue, it is still FFS whether to support two options or just one of them. It is reasonable to down select the one option to reduce both specification work and UE implementation complexity. But, if two options should be supported in Rel-17 NTN, it is desirable to make one of them as a mandatory feature (another option can be optional feature). For example, based on the signalling overhead perspective at network side, it is beneficial that option 2 would be a mandatory feature (option 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 (option 2 can be an optional feature).

Proposal 12. Regarding satellite ephemeris format,
· Support one option to reduce both specification work and UE implementation complexity.
· If two options need to be supported, only one option 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 13. 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. The option of UE-specific TA calculation based on the time difference between the reference time provided by network and the reference time acquired by the GNSS is not supported in Rel-17 NTN.

Proposal 2. Prioritize NTN designs that the reference point is located at the gNB. (i.e., DL timing and UL timing are aligned at the gNB)

Proposal 3. Support the latest updated proposal 1-1 in R1-2102215 [3] 

Proposal 4. Support additional signaling by the network in order to apply proper common timing offset according to time changes at UE side. Potential solutions can include 
· Alt 1) providing the reference time corresponding to common timing offset
· Alt 2) providing series of common timing offset.

Proposal 5. 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 6. Support implicit reporting of TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).

Proposal 7. It is desirable to support the TA indication from gNB, because the accuracy of the GNSS can be degraded in specific scenario such as indoor, underground, etc.

Proposal 8. It can be considered that the common TA is calculated based on K_offset in case when the UE cannot acquire the accurate TA.

Proposal 9. Regarding TA command in RAR, support enhancement approaches to cover large cell coverage.
· Increase the step size of TA command field in RAR.
· Support multiple reference points.

Proposal 10. 
· 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 11. RAN1 should discuss how to update and/or report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

Proposal 12. Regarding satellite ephemeris format,
· Support one option to reduce both specification work and UE implementation complexity.
· If two options need to be supported, only one option should be mandatory feature.

Proposal 13. Support validity timing window for satellite ephemeris information in Rel-17 NTN.
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