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1. Introduction
In the RAN1 #106bis-e meeting [1], the following agreements and conclusions were made for UL time and frequency synchronization in NTN.
	Agreement:
Confirm the 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:
Common TA 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
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 

Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA, Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters
Agreement:
The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

Conclusion:
Do not define a TA margin.

Working assumption:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m] is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180° , +180°]
· Inclination i [rad] is [20 bits]
· Range: [-90°  , +90° ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
· FFS: Additional enhancement to optimize the signalling overhead.
· FFS: Ephemeris format bit allocations for HAPS


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

2. Discussion
Common TA parameters
In RAN1 #106bis-e meeting, the following agreement was made for common TA parameters.
	Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA, Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters


Regarding the first FFS point, we think it is not necessary to support the Common TA third order derivative. This is because, already agreed parameters (i.e., Common TA, Common TA drift rate, and Common TA drift rate variation) are enough for UE to calculation the Common TA. In addition, according to [2], it does not provide the clear benefit if we introduce Common TA third order derivative.

Proposal 1. Do not support the Common TA third order derivative in Rel-17 NTN. 

Regarding the second FFS point, following possible combinations of Common TA parameters can be considered:
1. {Common TA}
2. {Common TA, Common TA drift rate}
3. {Common TA, Common TA drift rate, Common TA drift rate variation}

In other words, it may not be reasonable to provide a Common TA drift rate without a Common TA. Also, it may not be reasonable to provide a Common TA drift rate variation without a Common TA and/or a Common TA drift rate. Therefore, above possible combinations can be predefined in specification. And then, gNB can select one of the predefined combinations, and provide common TA parameters corresponding to the selected combination to NTN UE. In addition, NTN UE can expect common TA parameters selected from the predefined combinations to be provided.

Proposal 2. Possible combinations of Common TA parameters can be predefined in specification. In addition, NTN UE can expect the Common TA parameters selected from the predefined combinations to be provided.

Moreover, according to previous agreement in RAN1 104bis-e, common TA with value of 0 is supported. However, it is not clear that whether gNB can indicate explicitly the common TA value to 0, or implicitly inform that the value is 0 by not providing the common TA field. Therefore, RAN1 should select one of the following alternatives for how to indicate the value 0 of common TA parameters:
· Alt-a: gNB explicitly indicate the common TA with value of 0
· Alt-b: UE assumes common TA parameters are 0 when UE is not provided by network with common TA parameters.

Proposal 3. RAN1 should select one of the following alternatives for how to indicate the value 0 of common TA parameters:
· Alt-a: gNB explicitly indicate the common TA with value of 0
· Alt-b: UE assumes common TA parameters are 0 when UE is not provided by network with common TA parameters.
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 (or K-offset) 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).
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 trigger to report the UE specific TA via DCI (e.g., DCI for PDCCH order RACH procedure).

Proposal 5. RAN1 should discuss how to report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

Validity duration
In the RAN1 #106bis-e meeting, the following agreement was made regarding validity duration.
	Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message.


The above agreement that the two parameters use single validity duration when satellite ephemeris and common TA parameters are provided in the same SIB. However, considering cases such as handover procedure, it cannot be guaranteed that the satellite ephemeris and common TA parameters are always provided in the same SIB. Therefore, it can be considered to support separate validity duration for satellite ephemeris and common TA parameters.

Proposal 6. Independent validity durations for common TA parameters and satellite ephemeris also can be supported.

Combination of open and closed loop TA control
In RAN1 106bis-e meeting, it was made as a conclusion that a TA margin is not defined in Rel-17 NR NTN. Based on this conclusion, the parameter “” is no longer necessary for the equation of closed loop TA (i.e., ), when TAC () in msg2/msgB is received. Therefore, we suggest following proposal 7:

Proposal 7. When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:

where,  is the TAC field in msg2/msgB

For common TA (i.e., ), it can be updated UE autonomously based on the Common TA parameters signalled from network. 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 UE specific TA (i.e., ), it can be updated UE autonomously 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.
For closed loop TA (i.e., ), common TA (i.e., ), and UE specific TA (i.e., ), each TA can be updated by network and/or UE through independent loops. Here, there may be no problem if closed loop TA, common TA, and UE specific TA only update their corresponding TA. Therefore, it is beneficial to support independent TA update for each TA using separate TA control loops.

Proposal 8. Support independent TA update for each TA using separate TA control loops.

However, if the network is allowed to update the total TA using closed loop TA control, unintended conflicts (i.e., double correction or TA jump) can occur. 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 closed loop TA, common TA update and/or UE specific TA update can be disabled during predefined/configured time duration.
As another way, priority rule can be considered for each TA. For example, regarding the priority among closed loop TA, common TA, and UE specific TA, it may reasonable that closed loop TA have a higher priority. Because, basically, it is desirable to follow the indication of network first.

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

Proposal 9. In order to prevent double correction (or TA jump), separate updating duration for closed loop TA (), common TA (), and UE specific TA () can be configured by gNB, respectively.

Satellite ephemeris format
In RAN1 #105-e meeting, it was agreed that two satellite ephemeris formats are supported in specifications. In this agreement, two satellite ephemeris formats are considered as follows:
· Format 1: Ephemeris format based on satellite state vectors.
· Format 2: Ephemeris format based on orbital elements.
Agreed detail parameters regarding Format 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 Format 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.
Even though two satellite ephemeris formats are supported in specifications, this agreement does not enforce that they are mandatory features for UE implementation. Therefore, to reduce the UE implementation complexity, we prefer that one of these formats can be mandatory feature and the other can be optional feature, and this issue can be further discussed in the UE capability discussion.

Observation 2. Regarding two satellite ephemeris formats, to reduce the UE implementation complexity, it is preferred that one of these formats can be a mandatory feature and the other can be optional feature.

In the RAN1 #106-e meeting, a validity duration for satellite ephemeris information was supported. Moreover, since two satellite ephemeris formats are supported in specifications, it can be considered that gNB can provide both formats at the same time. In this situation, it is reasonable to consider to introduce independent validity durations for each format. This is because, the appropriate propagator model may be different based on each format. Also, since each format may have different accuracy for satellite ephemeris information, so independent values may be required for each validity duration. Therefore, we prefer to support independent validity durations for two different satellite ephemeris formats.

Proposal 10. Support independent validity durations for two different satellite ephemeris formats in Rel-17 NTN.

In the RAN1 #106bis-e meeting, satellite ephemeris format bit allocations for both formats were made as working assumption. However, it is still FFS whether to support additional enhancement to optimize the signalling overhead. If the ephemeris format based on orbital elements is used, and if same ephemeris is used for multiple satellites, network can indicate partial parameters for upcoming satellite to UE. For example, network can indicate ‘mean anomaly (M)’ only for upcoming satellite, the UE can obtain another parameters (i.e., Semi-major axis (α), Eccentricity (e), Argument of periapsis (ω), Longitude of ascending node (Ω), and Inclination (i)) from serving satellite ephemeris information. This is because, ‘mean anomaly (M)’ may be frequently changed, but other parameters may not be changed if same ephemeris is used for multiple satellites

Proposal 11. Network can indicate partial parameters for upcoming satellite to UE in case when the ephemeris format based on orbital elements is used, and same ephemeris is used for multiple satellites.

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. Do not support the Common TA third order derivative in Rel-17 NTN.

Proposal 2. Possible combinations of Common TA parameters can be predefined in specification. In addition, NTN UE can expect the Common TA parameters selected from the predefined combinations to be provided.

Proposal 3. RAN1 should select one of the following alternatives for how to indicate the value 0 of common TA parameters:
· Alt-a: gNB explicitly indicate the common TA with value of 0
· Alt-b: UE assumes common TA parameters are 0 when UE is not provided by network with common TA parameters.

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

Proposal 6. Independent validity durations for common TA parameters and satellite ephemeris also can be supported.

Proposal 7. When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:

where,  is the TAC field in msg2/msgB

Proposal 8. Support independent TA update for each TA using separate TA control loops.

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

Proposal 9. In order to prevent double correction (or TA jump), separate updating duration for closed loop TA (), common TA (), and UE specific TA () can be configured by gNB, respectively.

Observation 2. Regarding two satellite ephemeris formats, to reduce the UE implementation complexity, it is preferred that one of these formats can be a mandatory feature and the other can be optional feature.

Proposal 10. Support independent validity durations for two different satellite ephemeris formats in Rel-17 NTN.

Proposal 11. Network can indicate partial parameters for upcoming satellite to UE in case when the ephemeris format based on orbital elements is used, and same ephemeris is used for multiple satellites.
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