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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK16]In RAN1#106-e, the following agreements and conclusion were achieved to enhance UL time and frequency synchronization for NTN [1]
	Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

Conclusion:
Indication of common post-compensation frequency offset for Uplink is not needed.

Agreement:
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.


Agreement:
Serving satellite ephemeris 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

Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered, and it is explicitly indicated to the UE
· Option 3: TA margin can be considered, and it is included within the Common TA
· Option 4: UE handles it via implementation

Agreement:
In NR NTN, NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 ,  FFS: the value of ,


· When TACs ( provided within the MAC CE is received,  is updated as follows:




[bookmark: _Hlk81237118]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.




In addition, in RAN1#105-e, the following agreements and conclusion were achieved to enhance UL time and frequency synchronization for NTN [2]
	Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.
Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.
Conclusion:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.


In addition, in RAN1#103-e and RAN1#104b-e, some of the agreements made on enhancement on UL time and frequency synchronization for NTN are listed as follow[2][3]
	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.
Agreement:
The Timing Advance to be applied by an NR NTN UE in the different RRC sates was discussed in RAN1 Meeting #104-bis-e and the following agreement was made: 
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.



In this contribution, we discuss some remaining issues for UL time and frequency synchronization in NTN. 

2. Observations and Proposals

[bookmark: _Ref129681832]Issue#1: Feeder link timing drift handling
[bookmark: OLE_LINK4]
There are two options for feeder link timing drift handling:
Option1: Feeder link timing drift is handled by UE, as illustrated in Figure1.  
Option2: Feeder link timing drift is handled by gNB, as illustrated in Figure2.
[bookmark: OLE_LINK9][image: ][image: ]

The basic relationship in TA compensation parameters are as follows:
TA_network = TA_feederlink - TA_common
TA_ue  =  TA_servicelink + TA_common
Where  
TA_network is the TA compensated by network,
TA_ue is the TA compensated by UE,
TA_feederlink is the TA caused by the feeder link,
TA_servicelink is the TA caused by the service link,
TA_common corresponds to the part of RTT between RP and satellite.

[bookmark: _Hlk77906676][bookmark: OLE_LINK8][bookmark: OLE_LINK14]For option1, the network compensates TA_network which is semi-static, while UE compensates TA_ue = TA_servicelink + TA_common, where both TA_servicelink and TA_common are variable. As a special case, RP can be located at the gNB. In this case TA_network = 0, TA_common = TA_feederlink.
· Pros: 
Network compensation is semi-static, which means simplicity for network implementation. 
If UE knows the location of gNB and the distance of RP to gNB, it can calculate TA_common and TA_UE autonomously. 
· Cons: 
Maximum drift rate of TA_ue may be high because it contains two variables. 
Need update TA_common unless UE knows the location of gNB and the distance of RP to gNB. 

For option2, gNB compensates TA_network, which contains timing drift of feeder link, while UE compensates TA_ue = TA_servicelink + TA_common, where TA_servicelink is variable and TA_common is not variable. As a special case, RP can be located at the satellite. In this case TA_network = TA_feederlink, TA_common = 0.
· Pros: 
TA_common is semis-static and does not need update. 
· Cons: 
Both UE and the network need to handle time-variant TA compensation. It is especially challenging for the network.

[bookmark: OLE_LINK3]Observation 1: If feeder link timing drift handled by gNB,  the implementation of gNB would be very complicated. UE should at least handle the service link timing drift and is more suitable to handle feeder link timing drift together with service link timing drift.
Proposal 1: UE compensates the feeder link timing drift.

Issue#2: Indication of Common TA drift parameters 
[bookmark: OLE_LINK2]In #106-e meeting, lots of discussion has been made on the following FL’s proposal.
	Updated Proposal 2:
In addition to common TA, the Network may periodically broadcast:
· Common TA drift rate
· Common TA drift rate variation 
· FFS:  High order derivative of Common TA drift 






We support this FL proposal. In addition, we still insist to propose UE calculate TA_common autonomously according to the information of gNB’s position and ephemeris,  so that issue of signaling aging and overhead can be avoided.
In RAN1#105-e, The following agreement has been reached, we are keeping concern on related progress.
	Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.


[bookmark: OLE_LINK7]
Observation 2: If the position of the gNB and a semi-static TA compensated by network are indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, and make the issue of signaling overhead and aging problem easy to solve.
[bookmark: OLE_LINK24]Proposal 2: The network indicates gNB’s position , and the UE calculate common TA autonomously.

[bookmark: OLE_LINK19]Issue#3: Granularity and signalling of Common TA
In #106-e meeting, the following agreement has been made:
	Agreement:
In NR NTN, NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 ,  FFS: the value of ,


· When TACs ( provided within the MAC CE is received,  is updated as follows:


.



We believe so far the granularity has been agreed to be 16*64/2^u. 


[bookmark: _Toc80303184]Issue#4: The need and the indication of TA margin
In #106-e meeting, the following agreement has been made:
	Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered, and it is explicitly indicated to the UE
· Option 3: TA margin can be considered, and it is included within the Common TA
· Option 4: UE handles it via implementation



For simplicity, we think option1 is OK.
Proposal 4: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, PRACH transmission is delayed by .

Issue#5: TA command in RAR
In #106-e meeting, the following agreement has been made:
	Agreement:
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.




Issue#6: TA update
In #106-e meeting, the following agreement has been made:
	Agreement:
In NR NTN, NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 ,  FFS: the value of ,


· When TACs ( provided within the MAC CE is received,  is updated as follows:






In our view, in msg2/msgB, N_TA_old is the value of UE TA pre-compensation for PRACH transmission if  the PRACH detection window at the gNB is as same as Release16.

Proposal 6:  For TA update in msg2/msgB, N_TA_old is the value of UE TA pre-compensation for PRACH transmission if  the PRACH detection window at the gNB keeps unchanged from Release16.


Issue#7: NTN UE Time Alignment Timers
In #106-e meeting, the following agreement has been made:
	Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.



In our view, if the validity timer expires, UE should assume that it has lost uplink synchronization.
The aging speed of common TA is different from that of satellite ephemeris, so separate validity timers for satellite ephemeris and common TA should be configured.

Proposal 7-1: UE assumes that it has lost uplink synchronization if  the satellite ephemeris validity timer expires.
Proposal 7-2: Validity timer of Common TA is configured separately with that of satellite ephemeris. 


Issue#8: Broadcasting the position of a reference point

RAN1 has discussed in RAN1#105-e the possibility to enable the direct broadcast of un-ciphered position of the NTN-Gateway or un-ciphered position of gNB as a potential backup solution for Uplink synchronization in NTN. 
The principles of this UE centric pre-compensation solution is captured in the following observation made by [Ericsson]: If the position of a reference point of the feeder link and the UL and DL carrier frequencies of the feeder link are signalled to the UE, the UE can autonomously determine the time and frequency 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 and frequency compensation procedures.
At RAN1#105-e an LS on broadcast of NTN GW or gNB position (refer to R1-2106332) was sent to TSG SA WG1, TSG SA WG3 with SA3-LI in Cc. RAN1 identified the following questions that need clarification from SA1 and SA3:
Question 1: Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is broadcasted including any aspects related to accuracy of the position?
Question 2:  Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is possible to be derived by the UE with assistance information from the network including any aspects related to accuracy of the position?
In #106-e meeting, the FL Recommendation has been made:
FL Recommendation 8: 
RAN1 to discuss Issue#8 after SA1 and SA3 response to the LS on broadcast of NTN GW or gNB position.

In our view, if the position of the gNB and a semi-static TA compensated by network can be indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, and make the issue of signaling overhead and aging problem easy to solve. 
We are keeping attention on the SA1 and SA3 response on broadcast of NTN GW or gNB position. 
In addition, it should be noted that the physical position of RP is constantly changing. So, it is not appropriate to broadcasting the physical position. Instead, the distance between the reference point and gNB should be broadcast. 
Proposal 8-1: The network provides indication about the position of the gNB.
Proposal 8-2: Broadcast the distance between the reference point and gNB  (or TA compensated by the network) . 

Issue#9: Indication of common frequency pre-compensation offset on DL service link
In #106-e meeting, the following agreement has been made:
	Updated Proposal 9:
Deprioritize support of Common DL frequency compensation for the service link Doppler shift.


  
In our view, if DL common frequency pre-compensation is supported, then the indication of it should also be supported.
As for the question whether DL common frequency pre-compensation is supported, although DL common frequency pre-compensation can reduce UE complexity of DL initial synchronization, it also bring new complexity or overhead in SIB update and SIB reading, AFC convergence algorithm. For example, if different beams have different DL frequency compensation, AFC  convergence will be broken when beam is switched. In addition, we think separate discussion on  SSB and PDSCH/PDCCH may be more appropriate.

Proposal 9:  Discuss DL common frequency pre-compensation on SSB and PDSCH/PDCCH separately.


Issue#10: Indication of common compensation frequency offset for Uplink
In #106-e meeting, the following agreement has been made:
	Conclusion:
Indication of common post-compensation frequency offset for Uplink is not needed.



We agree on this conclusion.
Proposal 10: Indication of common post-compensation frequency offset for Uplink is not needed.



[bookmark: _Toc80303210]Issue#11: Close control loop for UL frequency alignment
	[bookmark: _Toc69116339][bookmark: _Toc73044325][TR38.821]:
For the UL frequency compensation, at least for LEO system, the following solutions are identified with consideration on the beam specific post-compensation of common frequency offset at the network side:
●	Option-1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
●	   Option-2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals.


In RAN1#103e, it was agreed to adopt Option-1 discussed in [TR38.821]:
	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 RAN1#104-e, option-2 is further discussed.
	FL recommendation: RAN1 to further investigate the needs and benefits to support closed-loop UL frequency compensation for GNNS equipped NR NTN UE.



In RAN#106-e, the Moderator mentioned that this feature is not essential and may require a lot of specification work and by considering the limited remaining TUs, therefore made the following proposal:
	Updated Proposal 11
Conclusion:
Closed-loop UL frequency compensation is not supported in NTN Release.17



In our opinion, because of the limited update rate for satellite ephemeris and common TA parameters, it is still  unclear whether GNSS based pre-compensation can provide sufficient frequency shift accuracy. Benefits to support closed-loop UL frequency compensation need further study. 
[bookmark: _GoBack]But we are OK to agree with the Moderator that it is not supported in NTN Release.17.
Proposal 11: Closed-loop UL frequency compensation is not supported in NTN Release.17.

Issue#12: Serving satellite ephemeris format bit allocations
In RAN1#104-bis-e, the following agreement was made:
	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




In RAN1#105-e, the following agreement was made:
	Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements

FFS:
The field size for each ephemeris parameter is till FFS.




In #106-e meeting, the field size for each ephemeris parameter is till FFS.

Proposal 12: FFS the field size for each ephemeris parameter.



Issue#13: Serving satellite ephemeris Epoch time
In #106-e meeting, the following agreement has been made:
	Agreement:
Serving satellite ephemeris 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



Proposal 13: The starting time of a DL slot which carries satellite ephemeris data and  indicates the Epoch time is given by predefined rule.




3. Conclusion
In this contribution, we further discuss some of the issues of UL time and frequency synchronization enhancement for NTN, the following observations and proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref124671424][bookmark: _Ref71620620]Observation 1: If feeder link timing drift handled by gNB,  the implementation of gNB would be very complicated. UE should at least handle the service link timing drift and is more suitable to handle feeder link timing drift together with service link timing drift.
Proposal 1: UE compensates the feeder link timing drift.
Observation 2: If the position of the gNB and a semi-static TA compensated by network are indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, and make the issue of signaling overhead and aging problem easy to solve.
Proposal 2: The network indicates gNB’s position , and the UE calculate common TA autonomously.
Proposal 4: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, PRACH transmission is delayed by .
Proposal 6:  For TA update in msg2/msgB, N_TA_old is the value of UE TA pre-compensation for PRACH transmission if  the PRACH detection window at the gNB keeps unchanged from Release16.
Proposal 7-1: UE assumes that it has lost uplink synchronization if  the satellite ephemeris validity timer expires.
Proposal 7-2: Validity timer of Common TA is configured separately with that of satellite ephemeris. 
Proposal 8-1: The network provides indication about the position of the gNB.
Proposal 8-2: Broadcast the distance between the reference point and gNB  (or TA compensated by the network) . 
Proposal 9:  Discuss DL common frequency pre-compensation on SSB and PDSCH/PDCCH separately.
Proposal 10: Indication of common post-compensation frequency offset for Uplink is not needed.
Proposal 11: Closed-loop UL frequency compensation is not supported in NTN Release.17.
Proposal 12: FFS the field size for each ephemeris parameter.
Proposal 13: The starting time of a DL slot which carries satellite ephemeris data and  indicates the Epoch time is given by predefined rule.
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Figure 1.Feeder link timing drift is compensated by UE
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