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[bookmark: _Hlk521259925]In RAN1#104-e, agreements were achieved on timing relationship enhancements for NTN [1]:
	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.

[bookmark: _Hlk63432430]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 will discuss UL time and frequency synchronization related aspects for NTN.
Discussion
[bookmark: _Toc63448313]Issue#1: Initial acquisition of TA before PRACH preamble transmission
In RAN1#104-e, Moderator suggested for more inputs in this meeting on the need and the indication of common TA (CTA), common TA drift rate, TA margin, and TA command in RAR [3].
	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

In Moderator’s view, the group is converging on this issue, but there are some details regarding the second FFS and Note-3 to be sorted out. Hence, we will revisit this fundamental proposal at RAN1#104bis-e.
With the proposal 1-1, the UE behavior for delay pre-compensation is clear in case of common TA is indicated by the Network but it is FFS when common TA is not indicated. Companies are encouraged to further study the signaling and the granularity of . And clarify the UE behavior when common TA is not indicated. 
The moderator recommendation was made as follows:
Moderator recommendation 1-1: 
Companies are encouraged to:
· Provide input to RAN1#104bis-e about the characterization of the common TA 
· Further study the signaling and the granularity of N_(TA,common). 
· Provide input to RAN1#104bis-e about the operation of closed loop, open loop TA control and the combination of open and closed loop TA control
· Clarify the UE behavior when common TA is not indicated 

Moderator recommendation 1-2: 
On the need and indication of Common TA drift companies are encouraged to conduct more investigations and provide inputs to RAN1#104bis-e.

Moderator recommendation 1-3: 
On the need of TA_margin companies are encouraged to review views collected in section 1.3 and provide input to RAN1#104-bis-e

Updated proposal 1-4: 
Confirm the following 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.


In our view, common TA (CTA) should be indicated to absorb TA margin and/or to compensate for the RTT of the feeder link and possibly other latencies in the satellite-gNB path.
The common TA can be approximated by a linear function as described by Ericsson [4].

where:
 is the slot number of the targeted UL slot.
 is a “time stamp” slot number.
 is the common TA (in  units) at slot number .
 is the common TA drift rate (in  units per slot).

Furthermore, 


where: 
 represents the synthetical impact of time-invariant parameters, e.g., TA margin and the minimum RTT on the feeder link.
 is a scaling factor, e.g.,  as suggested by ZTE [5].
,  are time-variant parameters, and they need to be updated with time.
Note:
Indication of  via SIB is mandatory.
Indication of , ,  are 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  and  should be indicated and updated to capture the rapidly changed RTT on the feeder link.
·  may be indicated. If not, a default value can be used.

Proposal 1: The common TA is determined as

where:
 is the slot number of the targeted UL slot.
 is a “time stamp” slot number.
 is the common TA (in  units) at slot number .
 is the common TA drift rate (in  units per slot).
and,


where: 
 represents the synthetical impact of time-invariant parameters.
 is a scaling factor.
,  are time-variant parameters, and they need to be updated with time.

Proposal 2: 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 3: Indication of parameter  and  at least should be supported.
· For DL and UL not aligned at satellite (including aligned at gNB),  and  should be indicated and updated to capture the rapidly changed RTT on the feeder link.

Proposal 4: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.

Regarding TA command in RAR, we support the working assumption made in RAN1#103-e [2].
	Working assumption:
[bookmark: _Hlk67568598]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: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

[bookmark: _Toc63448330]Issue#2: TA update in connected mode
In RAN1#104-e, combination of both open and closed loop TA control was agreed, while the details were left FFS [1].
	Agreement:
[bookmark: _Hlk67573908]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


Timing Advance applied by an NR NTN UE at least in RRC_IDLE/INACTIVE is given by:

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.

Nevertheless, for NR NTN UE in RRC_CONNECTED, two TA determination mechanisms are under consideration:
Option 1: Utilizing legacy TA command for TA update in connected mode

where,
· [bookmark: _Hlk67858960] is derived from system information (e.g., and ), as discussed in section 2.1. The system information (e.g.,  and ) can either be periodically broadcasted on DL-SCL, or send in a dedicated manner on DL-SCH to UEs in RRC_CONNECTED.
·  is updated according to via legacy TA command () indication within the MAC CE, i.e., 

If  related system information is only periodically broadcasted on DL-SCL, the UE in RRC_CONNECTED may miss-detect some of them, which resulting in requirement of very frequent signaling of TAC () to track the rapidly changed RTT in the feeder link.
To avoid the miss-detection issues, the gNB may always send  related system information in a dedicated manner on DL-SCH to UEs in RRC_CONNECTED. In this case, there are redundant closed loop TA control mechanisms, i.e., two UE dedicated signaling for TA adjusting, one for  determination, and one for  determination.

On the contrary, an enhanced TA command within the MAC CE is suggested for a lean closed loop TA control mechanism, as discussed in Option 2.
Option 2: Utilizing enhanced TA command for TA update in connected mode

where,
·  is updated according to the enhanced TA command () within the MAC CE, wherein,  indicates a delta TA like the legacy TA command (), and indicates a TA drift rate.

As shown in Figure 1, assume UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 

For i-th uplink transmission occasion at  (),  can be determined as

where, m is the last received enhanced TA command before . 


Figure 1: Illustration of combined TA update mechanism of both open and closed loop.

Table 1: Comparison between two TA command mechanism for TA update in connected mode
	
	Option 1: Legacy TA command
	Option 2: Enhanced TA command
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As illustrated in Table 1, the enhanced TA command is superior to the legacy one as following:
· A unitary closed loop TA control mechanism, i.e., only  needs to be indicated for the enhanced one
· Reduced signaling overhead, i.e., no need to indicate 
· Flexible scheduling, i.e., only MAC CE is needed

Based on the above discussion, enhanced TA command based TA determination mechanism for UE in RRC_CONNECTED should be supported, where, the enhanced TA command consists of (, where,  indicates a delta TA, and indicates a TA drift rate.
with combination indications of  (a TA offset) and  (a TA drift rate) within the MAC CE should be supported.

Proposal 6: Enhanced TA command based TA determination mechanism for UE in RRC_CONNECTED should be supported, where, the enhanced TA command consists of (, where,  indicates a delta TA, and indicates a TA drift rate.

Proposal 7: 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 


[bookmark: _Toc63448341]Issue#3: Indication of frequency pre-compensation offsets
[bookmark: _Toc63448345][bookmark: _Hlk67587614]Issue#3-2: Indication of frequency pre-compensation offset on DL
In RAN1#104-e, conclusion on the need of indication of frequency pre-compensation offset on DL was made, while the details were left FFS [1].
	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.


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.

Proposal 8: 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.

Issue#3-3: Indication of pre-compensation frequency offset on UL
In RAN1#104-e, Moderator suggested for more discussion on indication of pre-compensation frequency offset on UL [3].
	FL recommendation 3-3: 
On the indication of pre-compensation frequency offset on UL, proponents are encouraged to have offline discussions with other companies.



In our view, 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.
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 9: 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.

[bookmark: _Toc63448359]Issue#6: Serving satellite ephemeris format
In RAN1#104-e, RAN1 to support satellite ephemeris broadcast based at least on one of two format options was agreed, while the details of ephemeris format and whether down-selection is needed were left FFS [1].
	Agreement:
· [bookmark: _Hlk67589455]RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· [bookmark: _Hlk67602397]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


Satellite ephemeris can be represented in two formats:
· Option 1: Ephemeris format based on satellite position and velocity state vectors 
· [bookmark: _Hlk67607037]Option 2: Ephemeris format based on orbital elements 
For satellite application, the above two formats can be easily translated to each other [6][7]. Therefore, UE should have the capability of performing satellite orbit propagation based on any provided orbit representation at a reference time.
Observation 1: For satellite application, different forms of orbit representation can be easily translated to each other.
Observation 2: UE should have the capability of performing satellite orbit propagation based on any provided orbit representation at a reference time.

Table 2: Comparison between two satellite ephemeris formats
	
	Option 1: Satellite position and velocity state vectors
	Option 2: orbital elements

	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



Note that, 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 1 is superior to Option 2. 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.
Observation 3: Only ephemeris format based on satellite position and velocity state vectors (Option 1) has the ability for implicit compatibility to support HAPS and ATG scenarios.

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 (Option 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.

Proposal 10: Support both ephemeris formats based on satellite position and velocity state vectors (Option 1) and based on orbital elements (Option 2), if possible.
Proposal 11: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Option 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.

[bookmark: _Toc63448370][bookmark: _Hlk67603837]Issue#9: UE centric pre-compensation
In RAN1#104-e, Moderator suggested for more discussion on UE centric pre-compensation [3].
	FL recommendation 9-1: 
[bookmark: _Hlk67605636]On support of broadcasting a reference point, proponents are encouraged to provide more details on the feasibility of such solution by taking into account companies’ concerns on this issue.  



If the position of a reference point of the feeder link is signaled to the UE, the UE can autonomously determine the time offset of both the service link and the link between the satellite and the reference point of the feeder link, which would simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 4: 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 .

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 



[bookmark: _Hlk67606584]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 5: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 6: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.

Based on above discussion, broadcasting the position of a reference point of the feeder link with certain artificial bias can be supported.
Proposal 12: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.

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: For satellite application, different forms of orbit representation can be easily translated to each other.
Observation 2: UE should have the capability of performing satellite orbit propagation based on any provided orbit representation at a reference time.
Observation 3: Only ephemeris format based on satellite position and velocity state vectors (Option 1) has the ability for implicit compatibility to support HAPS and ATG scenarios.
Observation 4: 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 5: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 6: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 1: The common TA is determined as

where:
 is the slot number of the targeted UL slot.
 is a “time stamp” slot number.
 is the common TA (in  units) at slot number .
 is the common TA drift rate (in  units per slot).
and,


where: 
 represents the synthetical impact of time-invariant parameters.
 is a scaling factor.
,  are time-variant parameters, and they need to be updated with time.
Proposal 2: 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 3: Indication of parameter  and  at least should be supported.
· For DL and UL not aligned at satellite (including aligned at gNB),  and  should be indicated and updated to capture the rapidly changed RTT on the feeder link.
Proposal 4: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.
Proposal 5: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 6: Enhanced TA command based TA determination mechanism for UE in RRC_CONNECTED should be supported, where, the enhanced TA command consists of (, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 7: 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 8: 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 9: 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 10: Support both ephemeris formats based on satellite position and velocity state vectors (Option 1) and based on orbital elements (Option 2), if possible.
Proposal 11: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Option 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.
Proposal 12: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.
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