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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: OLE_LINK16]In RAN1#106bis-e, the following agreements and conclusion were achieved to enhance UL time and frequency synchronization for NTN [1]
	
Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
 
Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

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

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

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

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

Conclusion:
Do not define a TA margin.

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

[bookmark: _Hlk85713696]R1-2110603	Draft LS on Combination of open and closed loop TA control in NTN	Moderator (Thales)
R1-2110604	LS on Combination of open and closed loop TA control in NTN	RAN1, Thales




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

Content

[bookmark: _Ref129681832]Issue#1: Indication of Common TA drift parameters 
[bookmark: OLE_LINK2]In #106bis-e meeting, the following agreement was made.
	Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters



The third order derivative of common TA is surely good for a longer validation period. On the other hand, precision of these parameters are also very important. If the precision is low, the result will not be good even if higher order derivative is given. The precision depends on errors in ephemeris information, mathematical modeling, and fixed point quantification (related to the bitwidth of these parameters, or granularity).  We agree to include Common TA, Common TA drift rate and Common TA drift rate variation as the baseline. And further discussion should not be in isolation with precision level of these parameters.

Observation 1:  If precision level of the 1st and 2nd order derivatives is low, higher order derivative may not achieve the expected result. 
Proposal 1: Indication of Common TA drift parameters should be considered together with their precision level.

[bookmark: OLE_LINK19]Issue#2: Granularity and signalling of Common TA
In #106bis-e meeting, the following agreement and FL recommendation have been made:
	Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

FL Recommendation:
For the next RAN1 meeting, Companies are encouraged to provide inputs regarding:
· Value range and Default value for:
· TACommon
· TACommonDrift
· TACommonDriftVariation
· Other signaling details: Apart from indication on SIB, Do Common TA related parameters need to be indicated via dedicated signaling? .e.g. when the UE is not configured with a Common Search space within the active BWP 




We understand the granularity of Common TA is agreed. But it is still unclear about the precision level of Common TA drift rate and Common TA drift rate variation. 

Observation 2:  It is still unclear about the precision level of Common TA drift rate and Common TA drift rate variation. 
Proposal 2: Clarify the precision level of Common TA drift rate and Common TA drift rate variation. 


[bookmark: _Toc80303184]Issue#3: The reference time of common TA parameters
In #106bis-e meeting, the following agreement and FL recommendation have been made:
	Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.


FL recommendation:
For the next RAN1’s meeting: Companies are encouraged to provide views/inputs on:
· the reference point for epoch time of the Common TA parameters 
· whether it is satellite or the NTN-GW





Proposal 3-1: Common TA Epoch time is implicitly know as a reference time defined by the starting time of a DL slot and/or frame, which is given by predefined rule.

Proposal 3-2: The reference point for epoch time of the Common TA parameters should be satellite.


Issue#4: The need and the indication of TA margin
In #106bis-e meeting, the following agreement and FL recommendation have been made:
	Conclusion:
· Do not define a TA margin.

FL Recommendation:
For the next RAN1 meeting, companies are encouraged to provide inputs on the following questions/options:
If the UE advances its initial transmission w.r.t PRACH occasion (.e.g. by + Te_NTN) :
· RAN1 to clarify the behavior of gNB:
· What would be the adjustment to be sent in TAC/RAR?
· Option 1: the adjustment to be sent in TAC/RAR = 0
Or to avoid the UE advances its initial transmission:
· Option 2:  may include a timing offset (.e.g. = + Te_NTN ) if considered necessary to avoid that the UE over pre-compensates its TA during RACH procedure.




Base on the conclusion that TA margin is not defined, we have the following views: 
(1) If TA margin is not defined, it implies that the network can tolerate the performance impact (unwanted interference with previous PRACH occasion or UL PUSCH/PUCCH) due to initial TA overcompensation. Basically, related issues can be up to implementations. Basically, there is no need to change the specifications at this stage.
(2) If the UE advances its initial transmission w.r.t PRACH occasion, the TA to be sent in TAC/RAR = 0. 
(3) TAcommon should NOT include a timing offset. TAcommon is not only used in UE’s initial transmission but also used in UE’s other UL transmissions. Including the TA margin in the common TA introduces a bias for open loop TA adjustment. When UE wakes up from a long DRX cycle, or when common TA is updated, only open loop TA is usable. Then out-of-synchronization will happen. 

Proposal 4-1: If the UE advances its initial transmission w.r.t PRACH occasion, the TA to be sent in TAC/RAR should be 0.
Proposal 4-2: TAcommon should not include a timing offset. This issue can be up to implementation.


[bookmark: _Toc85829332]Issue#5: TA update in RRC_CONNECTED state
[bookmark: _Toc85829336]
On combination of open and closed loop TA control
In #106bis-e meeting, RAN1 discussed the following solutions to avoid the TA jump caused by double correction:
	· Solution 1:: 
· UE subtracts the difference between new value and old value NTA_UE-specific,new from the accumulative closed loop TA 
·   –( NTA_UE-specific,new – NTA_UE-specific,old)
· UE subtracts the difference between common TA derived based on new parameters NTA,Common,new  and the value based on old parameters NTA,Common,old  from the accumulative closed loop TA  ().
·   –( NTA,Common,new  - NTA,Common,old )
· Solution 2:  
· Cap max adjustment: 
· if |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1
· |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2
· minimum aggregate adjustement rate shall be x3 per T1 seconds
· maximum aggregate adjustment rate shall be x4 per T2 seconds
· FFS the values of x1, x2, x3, x4, T1 and T2.
Where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location,
· Solution 3: 
· Introduce two states of operation for the closed-loop, one absolute, where the TA command is applied in absolute values regardless of UE procedures (similar to RACH procedure) and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.
· Solution 4: 
· Revise the common TA update equation into gradual update equation: NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N
· Solution 5: 
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
· Solution 6: 
· How closed-loop TA is determined when NTA,UE-specific  or NTA,common are autonomously updated in RRC Connected state can be up to UE implementation as long as the UL synchronization requirement is fulfilled





The issue of “Double correction” is illustrated in Figure 1. In the figure, ‘Target TA’ is the RTT between the UE and the reference point.  It is the perfect TA for the UE compensation and can be taken as the target of the total TA adjustment. The total TA is the sum of the open-loop TA and the close-loop TA. The open-loop TA includes the UE-specific TA part and the common TA part which can be derived from formulas with the parameters such as GNSS information, satellite ephemeris, and Common TA parameters. The difference between open-loop TA and the target TA increases with time due to the aging of parameters. Close-loop TA can help to reduce this difference according to gNB feedback (TA command). As shown in Figure 1, at time t1, summing up open-loop TA and close-loop TA, the total TA is closer to the target TA than the open-loop TA itself. At time t2, close-loop TA parameters are updated, and open-loop TA become very close to the target TA. If the close-loop TA is not reset to 0 after the parameter update, the total TA is worse than the open-loop TA itself due to double correction.


[image: ]

If the close-loop TA is reset to 0 when the open-loop parameters is updated,  the issue of double correction can be avoided, as illustrated in Figure 2.

[image: ]


Observation 5-1: If  parameters for open-loop TA are updated but the close-loop TA is not reset to 0, large error will be introduced to the UE’s total TA due to “double correction”. 

Proposal 5-1: If  parameters for open-loop TA are updated, the close-loop TA should be reset to 0 to avoid “double correction”. 

There is another issue. Due to the large feedback delay of TA Command (TAC), there is misalignment in close-loop TA adjustment. The issue is illustrated in Figure 3. At time t1,t2,t3, UL transmissions are made by UE. Then the gNB will detect the residue TA error and feedback to the UE through TAC. But  due to the large RTT in NTN plus processing delay and scheduling delay,  the TA Commands corresponding to these UL transmission are received by the UE after t4 and the TAs indicated in these TACs are accumulated in close-loop TA at time t5. But obviously these TAs does not reflect the actual situation at the time, therefore it is harmful to accumulate these TAs to the TA adjustment. 
The impact of the TAC misalignment is most serious when the open-loop TA parameters is newly updated, as illustrated in Figure 3. To avoid the impact in this case, after open-loop parameters (GNSS, ephemeris, Common TA parameters) are updated, the UE should ignore all TA Commands corresponding to its UL transmission before the update of open-loop TA parameters.
[image: ]
Observation 5-2: Due to the large feedback delay of TA Command in NTN, there is misalignment in close-loop TA adjustment. The TA indicated in TA Command may not be able to reflect the actual situation at the time and may be harmful to the TA adjustment. The impact of the TAC misalignment is most serious when the open-loop TA parameters is newly updated.  

Proposal 5-2: To avoid the impact of TA feedback delay and misalignment, in the case that open-loop parameters (GNSS, ephemeris, Common TA parameters) is newly updated, the UE should ignore all TA Commands corresponding to its UL transmission before the update of open-loop TA parameters. FFS other cases.



Issue#7: NTN UE Time Alignment Timers
In #106bis-e meeting, the following agreement and FL recommendation have been made:
	W.r.t NTN uplink sync Validity duration interpretation, and the associated UE behavior:
Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information

W.r.t Validity timer start/restart:
Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)
W.r.t Validity timer(s) for ephemeris / Common TA:
Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 

W.r.t Indication of the validity duration: 
The Updated Proposal 6-4 (rev 1) below was further discussed  via RAN1 reflector but it was not agreed due to lack of time.
Updated Proposal 6-4 (rev 1):
The Validity duration for both serving satellite ephemeris and common TA related parameters is at least broadcast on the SIB
-        FFS: Whether it is defined per cell or per BWP
-        FFS: whether to provide the Validity duration using dedicated signalling when UE is RRC connected, e.g. if UE is not configured with common search space.
-        FFS: Its unit and value range

FL Recommendation: 
For RAN1#107-e, Companies are encouraged:
· W.r.t NTN uplink sync Validity duration associated UE behavior:
-  Provide inputs regarding the remaining FFS: details on how to acquire new or additional assistance information
· W.r.t indication of the validity duration: 
- Comment/provide inputs on Updated Proposal 6-4 (rev 1):
· FFS: Whether it is defined per cell or per BWP
· FFS: whether to provide the Validity duration/timer using dedicated signalling when UE is RRC connected, e.g. if UE is not configured with common search space.
· FFS: Its unit, value range and default value:

	Parameter name in the spec
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	[ntnServingSatEphemerisValidityDuration]
	A validity duration configured by the network for satellite ephemeris data which indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
The unit of ntnServingSatEphemerisValidityDuration is [TBD]
	TBD
	 
	
[ BWP]
	Cell-specific



· 




Proposal 7-1: The Validity duration for both serving satellite ephemeris and common TA related parameters is at least broadcast on the SIB. It is defined per cell.

Proposal 7-2: Provide the Validity duration using dedicated signalling when UE is RRC connected, e.g. if UE is not configured with common search space.






Issue#11: Serving satellite ephemeris Epoch time
In #106bis-e meeting, the following FL recommendation have been made:
	Updated Proposal 11-1:
One of following options is to be supported:
       Option 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris.
       N is optionally signaled with the ephemeris (otherwise 0).
       Option 2: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for.
Note: “implicitly known” means that UTC is not provided to define Serving satellite ephemeris Epoch time

Updated Proposal 11-2, was further discussed vie the reflector but was not agreed.
Updated Proposal 11-2:
The reference point for epoch time of the serving satellite ephemeris should be known by UE.
FFS: Whether it is satellite or the NTN-GW

FL Recommendation: 
For next RAN1 meeting, companies are encouraged:
· to further discuss and down select one of the above options (refer to Updated Proposal 11-1).

w.r.t the reference point (similar to issue#3) companies are encouraged to provide views/inputs on:

· the reference point for epoch time of Serving satellite ephemeris
· whether it is satellite or the NTN-GW





Proposal 11-1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris. And we prefer N is 0.

Proposal 11-2: The reference point for epoch time of the serving satellite ephemeris should be the satellite.





[bookmark: _GoBack]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: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref124589665]Observation 1:  If precision level of the 1st and 2nd order derivatives is low, higher order derivative may not achieve the expected result. 
Proposal 1: Indication of Common TA drift parameters should be considered together with their precision level.
Observation 2:  It is still unclear about the precision level of Common TA drift rate and Common TA drift rate variation. 
Proposal 2: Clarify the precision level of Common TA drift rate and Common TA drift rate variation. 
Proposal 3-1: Common TA Epoch time is implicitly know as a reference time defined by the starting time of a DL slot and/or frame, which is given by predefined rule.
Proposal 3-2: The reference point for epoch time of the Common TA parameters should be satellite.
Proposal 4-1: If the UE advances its initial transmission w.r.t PRACH occasion, the TA to be sent in TAC/RAR should be 0.
Proposal 4-2: TAcommon should not include a timing offset. This issue can be up to implementation.
Observation 5-1: If  parameters for open-loop TA are updated but the close-loop TA is not reset to 0, large error will be introduced to the UE’s total TA due to “double correction”. 
Proposal 5-1: If  parameters for open-loop TA are updated, the close-loop TA should be reset to 0 to avoid “double correction”. 
Proposal 7-1: The Validity duration for both serving satellite ephemeris and common TA related parameters is at least broadcast on the SIB. It is defined per cell.
Proposal 7-2: Provide the Validity duration using dedicated signalling when UE is RRC connected, e.g. if UE is not configured with common search space.
Proposal 11-1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris. And we prefer N is 0.
Proposal 11-2: The reference point for epoch time of the serving satellite ephemeris should be the satellite.
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Figure1: Open-loop and close-loop TA adjustment (without resetting open-loop TA)
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Figure 2: Open-loop and close-loop TA adjustment (with resetting open-loop TA)
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Figure 3: Misalignment in close-loop TA adjustment due to large feedback delay of TAC
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