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[bookmark: _Hlk521259925]In the last RAN1 #103-e meeting, several agreements were achieved on timing relationship enhancements for NTN [1].
	On UL timing synchronization in NTN
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.

Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

On UL frequency synchronization in NTN
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.

Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.


In this contribution, we will discuss on related issues on UL time and frequency synchronization enhancements for NTN.

UL timing synchronization in NTN
Initial acquisition of TA before PRACH preamble transmission
The need and indication of common TA
In the last RAN1 meeting, UE behavior on TA calculation was agreed as following.
	Agreement:
· In NTN, the network may broadcast 
· [bookmark: _Hlk60934928]A common timing offset value 
· [bookmark: _Hlk60935486]FFS details of the common timing offset
· [bookmark: _Hlk60934935][bookmark: _Hlk60936127]FFS: A common timing drift rate
· [bookmark: _Hlk60945169]Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
[bookmark: _Hlk60952087]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 our view, at least a common timing offset value should be broadcasted by network to support downlink and uplink frame timing aligned at gNB. Otherwise, if downlink and uplink frame timing aligned at the satellite, the implementation complexity at gNB side would be significantly increased, e.g., the UL Rx window will be time varying, which is quite different from the current gNB implementation.
We are also supportive on indication of a common timing drift rate, which can avoid frequent closed loop timing indication of feeder link part. So it is suggested to remove the FFS before “a common timing drift rate”, i.e.,
· In NTN, the network may broadcast 
· A common timing drift rate
If a common timing drift rate is indicated, it is preferred to indicate X as a Timing Offset value, since X may be time varying with continuous value (e.g., X(t) = a common timing drift rate + a common timing drift rate * t). So it is suggested to remove the first X in the equation as following

The details of the common timing offset, the common timing drift rate, and how to derive X from the common timing offset and the common timing drift rate, needs further study.
Proposal 1: Remove the FFS before “a common timing drift rate”, i.e.,
· In NTN, the network may broadcast 
· [bookmark: _Hlk61857233]A common timing drift rate
Proposal 2: Support X be indicated as a Timing Offset value, and remove the first X in the equation, i.e.,


The need and the indication of TA margin
In the last RAN1 meeting, there was a preliminary discussion on the indication of TA margin, but no consensus ware achieved. Moderator thus suggested to further inputs in this RAN1 meeting.
	FL recommendation: 
Regarding the indication of TA margin used to account for TA estimation uncertainty when applying the TA pre-compensation in initial access, companies are encouraged to analyse the pro and cons of the two identified solutions:
· TA margin is indicated in SIB
· TA margin is included within the Common TA. i.e.; Common TA configuration absorbs the maximum TA uncertainty
The value of TA margin will be defined after the definition of UL time synchronization requirement 


Compared to explicit indication of TA margin in SIB, we prefer to absorbing TA margin within the Common TA, which can reduce signaling overhead, as well as minimize specification impact.
Regarding that broadcasting a common timing offset value has been supported in the last RAN1 meeting, including TA margin within the common timing offset value should at least be supported.
Proposal 3: At least support including TA margin within the common timing offset value.

TA command in RAR
In the last RAN1 meeting, the following working assumption was made on TA command in RAR.
	Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.


The UE shall have the capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.
In the current specification, TA pre-compensation at UE side is not considered, resulting  for PRACH is defined as 0. Furthermore, in case of random access response, a timing advance command (TAC), , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is

Nevertheless, as agreed in the last RAN1 meeting, 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.
Therefore, it is straightforward that timing advance command (TAC) in RAR should NOT be used to reset  value as an existing manner, i.e., .
Based on the above discussion, early consensus on the bit size of the TAC field in msg2 (or msgB) seems confusable, since how to use this TAC field it still unclear. Therefore, it is suggested to withdraw the working assumption, and postpone the discussion about the bit size of the TAC field in msg2 (or msgB) until the design for TA maintenance/update based on TAC in RAR becomes clear.
Observation 1: The design of TA maintenance/update method based on TAC in RAR is still unclear.
Proposal 4: Withdraw the following working assumption, and postpone the discussion about the bit size of the TAC field in msg2 (or msgB) until the design for TA maintenance/update based on TAC in RAR becomes clear.
· (Working assumption) It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

TA update in connected mode
In the last RAN1 meeting, there was a preliminary discussion on TA update in connected mode, but no consensus ware achieved. Moderator thus suggested to further inputs in this RAN1 meeting.
	FL recommendation: 
For TA update in RRC_CONNECTED state, combination of both open ( i.e. UE autonomous TA estimation based on UE position and satellite ephemeris, and common TA estimation and common timing drift rate) and closed control loops (i.e., received TA commands) shall be supported for NTN.
RAN1 to provide more details about open-loop and closed-loop control.


In the current specification, only closed control loop based TA update method is supported. UE would update its TA value once it receives a TA command indicated by the network.
In NTN, combination of open (i.e. UE autonomous TA estimation based on UE position and satellite ephemeris, and common TA estimation and common timing drift rate) and closed control loops (i.e., received TA commands) seems reasonable to capture the rapid change of the propagation delay between UE and satellite and to ensure the baseline performance.
[bookmark: _Hlk60954317]Proposal 5: For TA update in connected mode, support combined mechanism of both open and closed loop.

Considering that the propagation delay between UE and satellite, and the propagation delay between satellite and gateway, are both timing varying, then in the ideal case, UE should frequently update its TA value. Nevertheless, from network perspective, TA update is only required when the UE is performing an uplink transmission. In the other cases, the network doesn’t need to care whether the UE performs TA update even when a TA command was sending.
Therefore, TA update in asynchronous way is desirable, i.e., TA update should be completed just before corresponding uplink transmission is performed. In other times, e.g., between a TA command received and the corresponding uplink transmission, whether and when to do TA update can be left to UE implementation.
Proposal 6: Support TA update in asynchronous way, i.e., TA update should be completed just before corresponding uplink transmission is performed. In other times, e.g., between a TA command received and the corresponding uplink transmission, whether and when to do TA update can be left to UE implementation.

To support asynchronous TA update manner, the design principle for power control can be considered for reference. For example, timing advance value for the i-th uplink transmission occasion at time  () can be calculated as following,

where,  denotes open control loop part, and  denotes closed control loop part.
Regarding the open control loop part ,

where:
·  is derived from the User specific TA self-estimation based on UE position and satellite ephemeris;
·  is derived from the common timing offset value and the common timing drift rate if broadcasted by the network.
Regarding the closed control loop part ,
· If TA command only includes TA offset , then the closed control loop part  can be calculated as following,

where,  denotes the old closed control loop TA part () before closed control loop TA update, and  denotes the new one after TA update.
· If TA command includes both TA offset , and TA drift rate , then the closed control loop part  can be calculated as following,


where,  denotes the accumulated TA command,  denotes the received time of m-th TA command , and m is the last received TA command before the i-th uplink transmission occasion at . An example is shown in Figure 1.


Figure 1: Illustration of combined TA update mechanism of both open and closed loop.
Proposal 7: Timing advance value for the i-th uplink transmission occasion at time  () can be calculated as following,

where,  denotes open control loop part, and  denotes closed control loop part.

Proposal 8: The open control loop part  can be calculated as following,

where:
·  is derived from the User specific TA self-estimation based on UE position and satellite ephemeris;
·  is derived from the common timing offset value and the common timing drift rate if broadcasted by the network.

Proposal 9: If TA command only includes TA offset , the closed control loop part  can be calculated as following,

where,  denotes the old closed control loop TA part () before closed control loop TA update, and  denotes the new one after TA update.

Proposal 10: If TA command includes both TA offset , and TA drift rate , the closed control loop part  can be calculated as following,


where,  denotes the accumulated TA command,  denotes the received time of m-th TA command , and m is the last received TA command before the i-th uplink transmission occasion at .

[bookmark: _Toc56168768]UL frequency synchronization in NTN
UL Frequency adjustment for UE in RRC idle/inactive mode
[bookmark: _Toc56168774]Common frequency offset pre-compensation and post-compensation at gNB side
In the last RAN1 meeting, there was a preliminary discussion on common frequency offset pre-compensation and post-compensation at gNB side, with the following potential consensus achieved.
	Potential proposal 3-1:
[bookmark: _Hlk60994353]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: _Hlk60995277]Since it is not necessary to capture in the specs whether the NTN gNB may or may not be capable to perform frequency pre-compensation in DL, it is logical to apply the same reasoning for gNB post-compensation.


As discussed in our company’s contribution [2], in line with the following agreement achieved in the last RAN1 meeting, for UE who only knows 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.
	Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.




[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.
Proposal 11: Support the following moderator’s proposal,
· [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.

Regarding the frequency post-compensation, we share the same view as the moderator, i.e., whether NTN gNB may or may not be capable to perform frequency post-compensation in UL depends on the gNB’s implementation, and it is not necessary to capture the ability requirements in the specification.
Nevertheless, if NR NTN gNB applies frequency post-compensation in UL, the gNB should broadcast a parameter giving the amount of frequency post-compensation, to achieve a common understanding between UE and gNB. This parameter should indicate the RX frequency offset at the satellite receiver relative to the nominal UE RX frequency of the service link.
Proposal 12: If NR NTN gNB applies frequency post-compensation in UL, the gNB should broadcast a parameter giving the amount of frequency post-compensation, to achieve a common understanding between UE and gNB. This parameter should indicate the RX frequency offset at the satellite receiver relative to the nominal UE RX frequency of the service link.

UL Frequency adjustment for UE in RRC connected mode
In the last RAN1 meeting, it has been agreed to support a UE to pre-compensate its UL frequency shift experienced on the service link at least based on its acquired GNSS position and satellite ephemeris.
	Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.


There was a preliminary discussion on the reference point for frequency synchronization, but no consensus ware achieved.
	FL recommendation:
RAN1 to further investigate whether a NR NTN UE shall be capable to apply at each transmission a common frequency offset indicated by the network (in addition to the frequency pre-compensation to counter shift the Doppler experienced on the service link).


In line with the latest agreement on GNSS position based frequency pre-compensation, we prefer to support the reference point for frequency synchronization located at the satellite for simplification to avoid additional signaling overhead. In this way, UE is only responsible to compensate the doppler shift on the service link, while gNB manages the other sources of frequency error (e.g. satellite transponder, feeder links).
Proposal 13: If UE performs frequency pre-compensation to counter the Doppler shift experienced on the service link based on its acquired GNSS position and satellite ephemeris, gNB can manage the other sources of frequency error (e.g. satellite transponder, feeder links).

[bookmark: _Toc56168780]Serving satellite ephemeris
Serving satellite ephemeris format
In the last RAN1 meeting, there was a preliminary discussion on serving satellite ephemeris format, but no consensus ware achieved. Moderator thus suggested to further inputs in this RAN1 meeting.
	FL recommendation:
RAN1 to further investigate the most suitable format for serving satellite ephemeris broadcast by the gNB:
· Option 1: ephemeris format based orbital elements
· Option 2: ephemeris format based on instant state vectors with implicit time: e.g., instant position and instant velocity

Companies are invited to take into account at least the following considerations:
· Signaling overhead
· Compatibility with HAPS and ATG scenarios
· Complexity to implement accurate orbit propagation model
· Compatibility with a potential unified ephemeris format to be used for other purposes (e.g. RRM measurements, handover, idle/inactive measurements)



Satellite ephemeris can be represented in different forms including Keplerian Orbital Elements  and instant Cartesian State Vectors .
· Option 1: Orbital Elements 
· Semi-major axis:  [m]
· Eccentricity: 
· Argument of periapsis:  [rad]
· Longitude of ascending node (LAN):  [rad]
· Inclination:  [rad]
· Mean anomaly:  [rad]
· Option 2: instant State Vectors 
· position vector:  [m]
· velocity vector:  [m/s]
For satellite application, different forms of orbit representation can be easily translated to each other. For example, [3] illustrates how to do transform from Keplerian Orbital Elements to instant Cartesian State Vectors, and [4] illustrates how to do the inverse transform.
Observation 2: For satellite application, different forms of orbit representation can be easily translated to each other.

If satellite ephemeris is represented in Keplerian Orbital Elements form, it is easy to perform satellite orbit propagation. Nevertheless, if satellite ephemeris is represented in Cartesian State Vectors form, UE can first transform it to Keplerian Orbital Elements form, and then perform satellite orbit propagation. Therefore, UE should have the capability of performing satellite orbit propagation based on any provided orbit representation at a reference time.
Observation 3: UE should have the capability of performing satellite orbit propagation based on any provided orbit representation at a reference time.

Table 1: Comparison between satellite ephemeris formats
	
	Option 1: Keplerian Orbital Elements
	Option 2: instant Cartesian State Vectors

	Signaling overhead
	Similar
	Similar

	Compatibility with HAPS and ATG scenarios
	×
	√

	Complexity to implement accurate orbit propagation model
	Similar
	Similar

	Compatibility with a potential unified ephemeris format to be used for other purposes
	Similar
	Similar



In our view, both options may perform similar on the metrics of signaling overhead, complexity to implement accurate orbit propagation model, and compatibility with a potential unified ephemeris format to be used for other purposes (e.g. RRM measurements, handover, idle/inactive measurements), since the two forms of orbit representation can be easily translated to each other.
However, in the metric of compatibility to universal scenarios (e.g., NTN, ATG, HAPS), Option 2 is superior to Option 1. Only the former solution has the ability for implicit compatibility to support HAPS and ATG scenarios, since orbit concept is meaningless in HAPS and ATG scenarios. 
Thus, for serving satellite ephemeris broadcast by the gNB, at least support instant state vectors format (Option 2).
Observation 4: Only satellite ephemeris in instant state vectors format (Option 2) has the ability for implicit compatibility to support HAPS and ATG scenarios.
[bookmark: _Hlk61167599]Proposal 14: For serving satellite ephemeris broadcast by the gNB, at least support instant state vectors format (Option 2).

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: The design of TA maintenance/update method based on TAC in RAR is still unclear.
Observation 2: For satellite application, different forms of orbit representation can be easily translated to each other.
Observation 3: UE should have the capability of performing satellite orbit propagation based on any provided orbit representation at a reference time.
Observation 4: Only satellite ephemeris in instant state vectors format (Option 2) has the ability for implicit compatibility to support HAPS and ATG scenarios.

Proposal 1: Remove the FFS before “a common timing drift rate”, i.e.,
· In NTN, the network may broadcast 
· A common timing drift rate
Proposal 2: Support X be indicated as a Timing Offset value, and remove the first X in the equation, i.e.,

Proposal 3: At least support including TA margin within the common timing offset value.
Proposal 4: Withdraw the following working assumption, and postpone the discussion about the bit size of the TAC field in msg2 (or msgB) until the design for TA maintenance/update based on TAC in RAR becomes clear.
· (Working assumption) It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 5: For TA update in connected mode, support combined mechanism of both open and closed loop.
Proposal 6: Support TA update in asynchronous way, i.e., TA update should be completed just before corresponding uplink transmission is performed. In other times, e.g., between a TA command received and the corresponding uplink transmission, whether and when to do TA update can be left to UE implementation.
Proposal 7: Timing advance value for the i-th uplink transmission occasion at time  () can be calculated as following,

where,  denotes open control loop part, and  denotes closed control loop part.
Proposal 8: The open control loop part  can be calculated as following,

where:
·  is derived from the User specific TA self-estimation based on UE position and satellite ephemeris;
·  is derived from the common timing offset value and the common timing drift rate if broadcasted by the network.
Proposal 9: If TA command only includes TA offset , the closed control loop part  can be calculated as following,

where,  denotes the old closed control loop TA part () before closed control loop TA update, and  denotes the new one after TA update.
Proposal 10: If TA command includes both TA offset , and TA drift rate , the closed control loop part  can be calculated as following,


where,  denotes the accumulated TA command,  denotes the received time of m-th TA command , and m is the last received TA command before the i-th uplink transmission occasion at .
Proposal 11: Support the following moderator’s proposal,
· 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 12: If NR NTN gNB applies frequency post-compensation in UL, the gNB should broadcast a parameter giving the amount of frequency post-compensation, to achieve a common understanding between UE and gNB. This parameter should indicate the RX frequency offset at the satellite receiver relative to the nominal UE RX frequency of the service link.
Proposal 13: If UE performs frequency pre-compensation to counter the Doppler shift experienced on the service link based on its acquired GNSS position and satellite ephemeris, gNB can manage the other sources of frequency error (e.g. satellite transponder, feeder links).
Proposal 14: For serving satellite ephemeris broadcast by the gNB, at least support instant state vectors format (Option 2).
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