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[bookmark: _Hlk521259925]In RAN1#104b-e meeting, agreements were achieved on enhancements on UL time and frequency synchronization for NTN [1]:
	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 will discuss UL time and frequency synchronization related aspects for NTN.
Discussion
Issue#1: NTN UE Timing Advance formula
In RAN1#104b-e meeting, an NTN UE Timing Advance formula was agreed, while the details of  update/accumulation and  signaling were left FFS [1].
	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. 
· [bookmark: _Hlk70493753]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.


The details of  update/accumulation will be separately discussed in Issue #6 (TA update in RRC_CONNECTED state).
The details of  signaling will be separately discussed in Issue #2 (Indication of Common TA drift rate), Issue #3 (Granularity and signalling of Common TA).
Issue#2: Indication of Common TA drift rate
In RAN1#104b-e meeting, the below proposal was discussed during the GTW session but it was not agreed [2].
	Updated proposal 2:
[bookmark: _Hlk70519126]The Network may periodically broadcast:
· Common TA
· Common TA drift rate
· Common TA draft rate with value of 0 is supported
· FFS: Common TA drift variation rate


As discussed in our company’s contribution [3], regarding the following potential deployment scenarios, we think scenario 1/2-a/2-b are valid deployment scenario which need more study, while scenario 3 is not within Rel-17 scope.
· Scenario 1: RU located at gNB
· Scenario 2-a: RU located at gateway, with gateway and gNB co-located
· [bookmark: _Hlk70439810]Scenario 2-b: RU located at gateway, with gateway and gNB located away from each other
· Scenario 3: RU located at satellite
For LEO in scenario 1/2-a/2-b, common TA and common TA drift rate are both needed to indicate the time-variant RTT in the feeder link.
Nevertheless, for GEO/HAPS/ATG, common TA may be still needed to absorb the TA margin, while common TA drift rate can be 0.
Therefore, it is suggested to support the cited FL’s proposal above at least with the first 2 bullets.
Proposal 1: The Network may periodically broadcast:
· Common TA
· Common TA drift rate
· Common TA draft rate with value of 0 is supported

Issue#3: Granularity and signalling of Common TA
In RAN1#104b-e meeting, Moderator suggested for more inputs to RAN1#105-e on granularity and signaling of Common TA [2].
	FL recommendation 3: 
On the signaling and the granularity of Common TA ( NTA,common ) companies are encouraged to conduct more investigations and provide inputs to RAN1#105-e.


In our view, Common TA is used for TA determinization, and its granularity can be the same as the granularity of , i.e., .
Regarding the concern raised by some companies that
· The total UL timing error is the sum of many components, including DL sync inaccuracy, UE-specific TA inaccuracy and granularity, closed-loop TA granularity, common TA linear (or 2nd order) approximation and granularity.
· Thus, a finer granularity of common TA is proposed to allow more inaccuracy to be “spent” on the more challenging UE-specific TA calculation.
In our view, the granularity of Common TA affects the quantization error of open-loop TA control mechanism, and the maximum quantization error is equal to the granularity of Common TA, e.g., . Note that the TA adjust range via MAC CE TA command is , then the quantization error of up to  seems acceptable. Thus, there is no need for a finer granularity of common TA than .
Proposal 2: The granularity of Common TA is set to be the same as the granularity of , i.e., .

In order to reduce the signaling overhead, update only relative values of Common TA () can be considered. 
For instance, the common TA can be approximated by a linear function as

where:
 is the time for targeted UL transmission at UE’s clock.
 is the time for receiving common TA signaling at UE’s clock.
 is the common TA (in  units) at .
 is the common TA drift rate.
 is used to pre-compensate the ageing of values due to the long propagation delay in NTN.

Furthermore, 

where: 
 represents the synthetical impact of time-invariant parameters, e.g., TA margin and the minimum RTT on the feeder link.
 are time-variant parameters, and they need to be updated with time.
Note:
Indication of  via SIB is mandatory.
Indication of  is optional depending on time reference point configured at the gNB or at the satellite. For DL and UL aligned at satellite, indications may be absented; otherwise, e.g., for DL and UL aligned at gNB, indications are necessary.

Based on above discussion, for DL and UL aligned at satellite,
· Parameter  (a time-invariant offset of ) should be indicated to absorb TA margin.
For DL and UL not aligned at satellite (including aligned at gNB),
· Parameter  (a time-invariant offset of ) should be indicated to absorb TA margin and the minimum RTT on the feeder link.
· Parameter  should be indicated and updated to capture the rapidly changed RTT on the feeder link.

Proposal 3: Update relative values of Common TA to reduce the signaling overhead.
Proposal 4: The common TA is determined as

where:
 is the time for targeted UL transmission at UE’s clock.
 is the time for receiving common TA signaling at UE’s clock.
 is the common TA (in  units) at .
 is the common TA drift rate.
 is used to pre-compensate the ageing of values due to the long propagation delay in NTN.
and, 

where: 
 represents the synthetical impact of time-invariant parameters, e.g., TA margin and the minimum RTT on the feeder link.
 are time-variant parameters, and they need to be updated with time.

Proposal 5: Indication of parameter  (a time-invariant offset of ) should be supported.
· For DL and UL aligned at satellite,  can be used to absorb TA margin.
· For DL and UL not aligned at satellite (including aligned at gNB),  can be used to absorb TA margin and the minimum RTT on the feeder link.
Proposal 6: Indication of parameter  at least should be supported.
· For DL and UL not aligned at satellite (including aligned at gNB),  should be indicated and updated to capture the rapidly changed RTT on the feeder link.
Proposal 7: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.

Issue#6: TA update in RRC_CONNECTED state
In RAN1#104b-e meeting, Moderator suggested for more inputs to RAN1#105-e on TA update in RRC_CONNECTED state [2].
	FL recommendation 6: 
Companies are encouraged to provide inputs to RAN1#105-e about the combination of open and closed loop TA control


As agreed in RAN1#104b-e, 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. 
 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.
 is a fixed offset used to calculate the timing advance.

In our view, for an NR NTN UE in RRC_CONNECTED, there is no need to update regularly.
Note that the system information  can either be periodically broadcasted on DL-SCL, or send in a dedicated manner on DL-SCH to UEs in RRC_CONNECTED. If regularly update of  for a UE in RRC_CONNECTED is supported, then some issues may arise.
· If UE updates based on the broadcasted SI, and if the UE stops to monitor SI carrying  for a long interval for the purpose of power saving, then very frequent signaling of legacy MAC CE TA command may be needed to track the rapidly changed RTT in the feeder link.
· [bookmark: _Hlk70540411]If UE updates based on dedicated RRC signaling indicated by the network, then there are redundant closed loop TA control mechanisms, i.e., one for  re-configuration, and one for  update.
Based on the above discussion, for an NR NTN UE in RRC_CONNECTED, regular update of  can be disabled.
Thus, for an NR NTN UE in RRC_CONNECTED,

where  is the common TA obtained in initial access procedure.
Proposal 8: For an NR NTN UE in RRC_CONNECTED, regular update of  can be disabled.
Proposal 9: For an NR NTN UE in RRC_CONNECTED,

where  is the common TA obtained in initial access procedure.

In the case of disabled  update for an NR NTN UE in RRC_CONNECTED, both the legacy MAC CE TA command and an enhanced MAC CE TA command consists of  are to be supported, where,  indicates a delta TA, and indicates a TA drift rate. The enhanced MAC CE TA command is used to track the rapidly changed RTT in the feeder link. UE may alternatively receive the legacy MAC CE TA command and an enhanced MAC CE TA command, up to network mplementation.
Compared with the common TA drift rate indication which is a cell specific signaling to compensate the drift rate of the feeder link RTT,  is a UE specific TA drift rate, which can compensate the total experienced drift rate of RTT at gNB side. The bit field size of common TA drift rate and  may be similar.
Compared with the common TA indication which is an absolute value of the total feeder link RTT,  is a delta value for TA adjustment with much smaller bit field size then common TA indication.
Based on the above discussion, compared with the technique combination of regular update of  via dedicated RRC signaling, and the legacy MAC CE TA command, the technique combination of disabled  update and the enhanced MAC CE TA command may significantly reduce the signaling overhead.
Observation 1: Compared with the technique combination of regular update of  via dedicated RRC signaling, and the legacy MAC CE TA command, the technique combination of disabled  update and the enhanced MAC CE TA command may significantly reduce the signaling overhead.
Proposal 10: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.

[bookmark: _Hlk70541937]It is clear that the legacy MAC CE TA command can be seen as a special case of the enhanced MAC CE TA command with , i.e., when set , the enhanced MAC CE TA command degrades into the legacy one.
Observation 2: The legacy MAC CE TA command is a special case of the enhanced MAC CE TA command with .

The generalized formula for  update based on 	the enhanced MAC CE TA command is shown as following:
For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , it will update the m-th accumulated TA command  as 

Figure 1 illustrates the computational procedure of  update based on the enhanced MAC CE TA command.


Figure 1: Illustration of computational procedure of  update.
Proposal 11: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 


Issue#8: TA reporting
Note that without any assist information as reported by the UE on the service link RTD (tS), gNB can NOT determine what exactly K_offset value should be, let alone subsequent network indication for K_offset updating. Thus, RAN1 needs to further study the details of UE reporting TA related information to facilitate network updating K_offset after initial access. 
The following reporting information can be further studied:
· Option 1: UE location.
· Option 2: UE self-estimated TA ().
· Option 3: the difference value (in unit of slot) between K_offset signaled in system information and a UE specific K_offset as suggest by UE.
Note that Option 3 is beneficial for less signalling overhead.

Proposal 12: RAN1 to further study the details of UE reporting TA related information to facilitate network updating K_offset after initial access. The following reporting information can be further studied.
· Option 1: UE location.
· Option 2: UE self-estimated TA ().
· Option 3: the difference value (in unit of slot) between K_offset signaled in system information and a UE specific K_offset as suggest by UE.

[bookmark: _Toc69832668][bookmark: _Hlk70542278]Issue#9: Broadcasting the position of a reference point
In RAN1#104b-e meeting, Moderator suggested for more discussion on broadcasting the position of a reference point [2].
	FL recommendation 9: 
On support of broadcasting a reference point, proponents are encouraged to provide more details on the feasibility of such solution by taking into account the concern related to disclosing the network architecture.


In our view, broadcast of a reference point would be definitely beneficial for UE to handle the time and frequency synchronization compensation on the feeder link. E.g., if the position of the GW is signaled to the UE, the UE can autonomously determine the time offset of both the service link (i.e., satellite-to-UE RTT) and the feeder link (i.e., satellite-to-GW RTT), which would simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 3: Broadcasting the position of a reference point of the feeder link is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .

Regarding to the concern related to disclosing the network architecture, it would be at the discretion of the network operator. Furthermore, the position of a reference point of the feeder link may be broadcasted with certain artificial bias to address the security issue.
Note that when TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as follows.

where , and  is an integer between 0 and 3846. The maximum TA values for different numerology are illustrated in Table 2.
Table 2: Maximum TA value when .
	Subcarrier spacing
	15 kHz
µ= 0
	30 kHz
µ= 1
	60 kHz
µ= 2
	120 kHz
µ= 3
	240 kHz
µ= 4
	480 kHz
µ= 5

	Maximum timing advance ( = 3846) (ms)
	0.67
	0.335
	0.1675
	0.0838
	0.0419
	0.0209

	Maximum timing advance ( = 3846) (km)
	300 
	150
	75 
	37.5 
	18.75 
	9.38 



It can be concluded that for TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy (<= 9.38km) is feasible. Thus, security may be not a big issue if the broadcasted position of the reference point position is with artificial bias.
Observation 4: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 5: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.

Regarding to the concern related to scenario 2b (i.e., gNB location away from GW location), GW location (maybe with certain artificial bias) may be broadcasted in addition to the broadcast of fixed common TA, where the fixed common TA is used to compensate for the RTT of GW-to-gNB and possibly other latencies. 
For example, if GW location is broadcasted to UE, 

then in the above TA determining formula,  may cover both the service link RTT (i.e., satellite -to-UE RTT) and a part of the feeder link RTT (i.e., satellite -to-GW RTT), while a fixed common TA () is still broadcasted to cover the fixed RTT of GW-to-gNB and possibly other latencies considered necessary by the network (e.g., TA margin).
Based on above discussion, broadcasting the position of a reference point of the feeder link with certain artificial bias can be supported. A fixed common TA can be additional broadcasted, if needed.
, in addition to the broadcast of a fixed common TA if needed, can be supported. 
Proposal 13: Support broadcasting the position of a reference point of the feeder link with certain artificial bias. A fixed common TA can be additional broadcasted, if needed.

[bookmark: _Toc69832671]Issue#10 : Common Doppler shift pre/post compensation on the feeder link
In RAN1#104b-e meeting, the below proposal was discussed during the GTW session but it was not agreed [2].
	Working assumption:
[bookmark: _Hlk70543901]The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent to UE.


Both the GW/Satellite and gNB may have the capability to compensate the Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink in a way transparent to UE.
From UE’s perspective, there is no need to distinguish who does the compensation.
Regarding the cited FL’s proposal above cover both candidates, hence it is to be supported.
Proposal 14: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent to UE.

[bookmark: _Toc69832675]Issue#11: Indication of common frequency pre-compensation offset on DL service link
In RAN1#104b-e meeting, Moderator suggested for more discussion on Indication of common frequency pre-compensation offset on DL service link [2].
	FL Recommendation 11:
Companies are encouraged provide inputs to RAN1#105-e regarding the granularity and how to indicate the amount of frequency compensation when DL frequency compensation for the Doppler on service link is applied.


In our view, in the case UE known its position, if NR NTN gNB applies frequency pre-compensation in DL, indication of the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link is necessary.


[bookmark: _Hlk61038081]Figure 2: UL frequency synchronization for UE only with positioning knowledge.
As shown in Figure 2, if UE only know its position, indication of the pre-compensated Common Frequency Offset on DL transmission, which is equal to the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link, is necessary. Otherwise, the UE cannot correctly determine the UE transmission frequency without residual UL frequency error at satellite.
· If the pre-compensated Common Frequency Offset on DL transmission is unknown, UE may determine it UL transmission frequency (denoted as ④) as , where,  is the frequency of the received DL signal, ③ is the difference between reference UL and DL frequency, is the estimated Doppler shift on the service link. The residual UL frequency error at satellite (denoted as ⑤) is about , where,  is the pre-compensated Common Frequency Offset on DL transmission.
· On the contrary, if the pre-compensated Common Frequency Offset on DL transmission () is indicated, UE can determine its UL transmission frequency (④) as , to eliminate the residual UL frequency error at satellite.
Note that the above indication is common for both earth-fixed and earth-moving cells.
Proposal 15: Support indication of DL frequency compensation for the service link Doppler, i.e.,
· [bookmark: _Hlk60995607][bookmark: _Hlk60995615]If NR NTN gNB applies frequency pre-compensation in DL, the gNB should broadcast a parameter giving the amount of frequency pre-compensation. This parameter should indicate the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link.

[bookmark: _Toc69832688]Issue#14: Serving satellite ephemeris format
In RAN1#104b-e meeting, support serving-satellite ephemeris broadcast based on one or more of the Set 1/Set 2 was agreed [1].
	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
· [bookmark: _Hlk70544788]FFS: Whether down-selection is needed or both sets are supported


Regarding the last FFS “Whether down-selection is needed or both sets are supported”, we are open to support both options for progress. However, if down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Set1) should be supported for implicit compatibility to support HAPS and ATG scenarios.
Proposal 16: Support both ephemeris formats based on satellite position and velocity state vectors (Set 1) and based on orbital elements (Set 2), if possible.
Proposal 17: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Set 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.

In RAN1#104b-e meeting, Moderator suggested for more study on whether epoch time for ephemeris information is implicitly (derived from DL subframe) or explicitly signaled. [2].
	FL recommendation:
[bookmark: _Hlk70544923][bookmark: _Hlk70544967][bookmark: _Hlk70544952]RAN1 to study whether epoch time for ephemeris information is implicitly (derived from DL subframe) or explicitly signaled.


In our view, implicitly (derived from DL subframe) indication of epoch time for ephemeris information is preferred to save signaling overhead.
Proposal 18: Support implicitly indication of epoch time for ephemeris information.
Conclusions
In this contribution, we share our views on related issues on UL time and frequency synchronization enhancements for NTN. The observations and proposals are summarised as follows:
Observation 1: Compared with the technique combination of regular update of  via dedicated RRC signaling, and the legacy MAC CE TA command, the technique combination of disabled  update and the enhanced MAC CE TA command may significantly reduce the signaling overhead.
Observation 2: The legacy MAC CE TA command is a special case of the enhanced MAC CE TA command with .
Observation 3: Broadcasting the position of a reference point of the feeder link is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 4: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 5: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 1: The Network may periodically broadcast:
· Common TA
· Common TA drift rate
· Common TA draft rate with value of 0 is supported
Proposal 2: The granularity of Common TA is set to be the same as the granularity of , i.e., .
Proposal 3: Update relative values of Common TA to reduce the signaling overhead.
Proposal 4: The common TA is determined as

where:
 is the time for targeted UL transmission at UE’s clock.
 is the time for receiving common TA signaling at UE’s clock.
 is the common TA (in  units) at .
 is the common TA drift rate.
 is used to pre-compensate the ageing of values due to the long propagation delay in NTN.
and, 

where: 
 represents the synthetical impact of time-invariant parameters, e.g., TA margin and the minimum RTT on the feeder link.
 are time-variant parameters, and they need to be updated with time.
Proposal 5: Indication of parameter  (a time-invariant offset of ) should be supported.
· For DL and UL aligned at satellite,  can be used to absorb TA margin.
· For DL and UL not aligned at satellite (including aligned at gNB),  can be used to absorb TA margin and the minimum RTT on the feeder link.
Proposal 6: Indication of parameter  at least should be supported.
· For DL and UL not aligned at satellite (including aligned at gNB),  should be indicated and updated to capture the rapidly changed RTT on the feeder link.
Proposal 7: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.
Proposal 8: For an NR NTN UE in RRC_CONNECTED, regular update of  can be disabled.
Proposal 9: For an NR NTN UE in RRC_CONNECTED,

where  is the common TA obtained in initial access procedure.
Proposal 10: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 11: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 

Proposal 12: RAN1 to further study the details of UE reporting TA related information to facilitate network updating K_offset after initial access. The following reporting information can be further studied.
· Option 1: UE location.
· Option 2: UE self-estimated TA ().
· Option 3: the difference value (in unit of slot) between K_offset signaled in system information and a UE specific K_offset as suggest by UE.
Proposal 13: Support broadcasting the position of a reference point of the feeder link with certain artificial bias. A fixed common TA can be additional broadcasted, if needed.
Proposal 14: The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent to UE.
Proposal 15: Support indication of DL frequency compensation for the service link Doppler, i.e.,
· If NR NTN gNB applies frequency pre-compensation in DL, the gNB should broadcast a parameter giving the amount of frequency pre-compensation. This parameter should indicate the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link.
Proposal 16: Support both ephemeris formats based on satellite position and velocity state vectors (Set 1) and based on orbital elements (Set 2), if possible.
Proposal 17: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Set 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.
Proposal 18: Support implicitly indication of epoch time for ephemeris information.
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